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INTRODUCTION—EXxercise training is crucial in the management of nonalcoholic fatty liver
disease (NAFLD); however, whether it can achieve clinically meaningful improvement in liver
fat is unclear. We investigated the association between exercise training and the achievement of
validated thresholds of MRI-measured treatment response.

METHODS: Randomized controlled trials in adults with NAFLD were identified through March
2022. Exercise training was compared with no exercise training. The primary outcome was >30%
relative reduction in MRI-measured liver fat (threshold required for histologic improvement in
nonalcoholic steatohepatitis activity, nonalcoholic steatohepatitis resolution, and liver fibrosis
stage). Different exercise doses were compared.

RESULTS: Fourteen studies (551 subjects) met inclusion criteria (mean age 53.3 yrs; body mass
index 31.1 kg/m?2). Exercise training subjects were more likely to achieve >30% relative reduction
in MRI-measured liver fat (odds ratio 3.51, 95% confidence interval 1.49-8.23, £ = 0.004) than
those in the control condition. An exercise dose of =750 metabolic equivalents of task min/wk
(e.g., 150 min/wk of brisk walking) resulted in significant treatment response (MRI response odds
ratio 3.73, 95% confidence interval 1.34-10.41, A= 0.010), but lesser doses of exercise did not.
Treatment response was independent of clinically significant body weight loss (>5%).

DISCUSSION: Independent of weight loss, exercise training is 3 and a half times more likely
to achieve clinically meaningful treatment response in MRI-measured liver fat compared with
standard clinical care. An exercise dose of at least 750 metabolic equivalents of task-min/wk
seems required to achieve treatment response. These results further support the weight-neutral
benefit of exercise in all patients with NAFLD.

Keywords
steatohepatitis; clinical trial; steatosis; physical activity; lifestyle modification

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a leading cause of liver disease worldwide,
affecting in upward of 30% of the global population (1). Defined by at least 5% liver

fat in the absence of secondary causes of steatosis, NAFLD remains a disease without

an effective drug treatment or cure. NAFLD encompasses 2 distinct histologic diseases:
nonalcoholic fatty liver, the non-progressive form, and nonalcoholic steatohepatitis (NASH),
the progressive type. Over time, patients with NASH can develop liver fibrosis and progress
to cirrhosis or develop hepatocellular carcinoma, both of which can require lifesaving liver
transplantation (2,3).

In the absence of an effective drug therapy or cure, lifestyle modification with dietary
change and increased physical activity remains crucial to improve patient-oriented outcomes
in this common condition and to prevent the consequences of end-stage liver disease

or primary liver cancer (4). Physical activity, and in particular exercise training (a type

of physical activity which is planned, structured, repetitive, and intended to improve or
maintain physical fitness), has many benefits for patients with NAFLD. Regular physical
activity or intentional exercise training can improve liver fat, physical fitness, body
composition, vascular biology, and health-related quality of life in patients with NAFLD and
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NASH (5,6). Although these benefits have been established by multiple randomized clinical
trials (RCTs) and the impact of exercise training on liver fat reduction has been aggregated
by several recent systematic reviews (7-10), it remains unclear whether exercise training
can achieve 230% relative reduction in liver fat, the minimal clinically important difference
(MCID), which is the validated threshold required for histologic response, NASH resolution,
or liver fibrosis improvement (11,12). This indirect evidence is incredibly important to
understand because almost all exercise-based clinical trials conducted to date in patients
with NAFLD have not included liver histology as an end point. In addition, the dose of
exercise required to significantly reduce liver fat, including the achievement of this MCID
threshold, also remains unknown, again owing in part to exercise-based clinical trial design
where direct comparisons of different exercise prescriptions are also lacking.

In light of this, there is a clear unmet need to better understand how effective exercise
training truly is, given that it remains the cornerstone of medical management for patients
with NAFLD. Moreover, a better understanding of the minimum dose required to achieve
the amount of liver fat reduction that surrogates for histologic response may allow for
better adherence to and motivation for completing exercise training programs. For these
reasons, the aim of our systematic review and meta-analysis was to assess the evidence for
MRI-measured liver reduction in response to exercise training, including whether a =230%
relative reduction can be achieved across different doses of exercise. The primary outcome
was to examine the association between exercise training and a relative decline in liver fat
>30%. The secondary outcome of this study was to examine exercise training’s impact on
absolute and relative change in liver fat and to compare different exercise doses.

MATERIALS AND METHODS

Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
statement, we performed a systematic review of the existing medical literature (13). This
systematic review was registered with The International Prospective Register of Systematic
Reviews, which is an open access online database of systematic review protocols on health-
related topics (CRD42021242542). This systematic review did not require institutional
review board approval.

Identification of studies and searches

A detailed search was conducted by a medical librarian (A.H.) using indexing languages,
including Medical Subject Headings and free-text terms for NAFLD, NASH, MRI,

and exercise. The search strategy is found in the Supplementary Digital Content (see
Supplementary Table 1, http://links.lww.com/AJG/C796). We searched the following
through March 2022: PubMed MEDLINE, Cochrane, CINAHL, Scopus, Web of
Science, and SPORT Discus. Multiple clinical trial registries were searched including
ClinicalTrials.gov. After this, search results were combined into an Endnote database
(version X8.2, Clarivate Analytics, PA) for reference management and then imported
into the Rayyan web and mobile app for systematic reviews (Qatar Computing Research
Institute, Doha, Qatar) (14). In addition, the reference lists for all eligible studies were
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screened, as were identified systematic reviews and meta-analyses, to identify any other
eligible studies.

Study selection

Studies were chosen if they met the following inclusion criteria: (i) study design:
randomized controlled trials in human subjects; (ii) population: adults (age >18 years) with
NAFLD; (iii) exposure: exercise training program; and (iv) outcome measures: provision of
data on the primary or secondary outcome measures. To fully extract the desired data, we
excluded abstracts where study investigators were unable to provide additional information
required. All study authors had access to the data, reviewed the final article, and approved
the final article. The primary outcome was a relative reduction in MRI-measured liver fat
=>30%, the threshold required for histologic improvement (11,12). Although this threshold
was derived from antisteatogenic drug studies in patients with NASH, this threshold has
been applied to exercise-based interventions which are well-established to decrease MRI-
measured liver fat (6-8,10,11). Secondary outcomes were absolute and relative change in
MRI-measured liver fat and exercise dose.

Data extraction and risk of bias assessment

Study-level data were extracted from each study in this review and included author, country,
study conditions (exercise training vs control), and study year. To perform an aggregate
meta-analysis, additional data were extracted, including subject age, sex, body mass index
(BMI), change in body weight, exercise adherence, and change in MRI-measured liver fat.
As necessary, the authors were contacted for unpublished data (namely, relative reduction of
>30% liver fat) to complete data extraction.

The Cochrane Risk of Bias Tool Version 2 was used to adjudicate study risk of bias (15).
The Bias Tool Version 2 tool has 5 domains: (i) randomization process, (ii) derivations
from intended intervention, (iii) missing outcome data, (iv) outcome measurement, and (v)
selection of the reported result. For each domain, the reporting of each study is graded as
yes, partly yes, partly no, no, or no information. Based on this assessment, each domain is
assigned an overall risk of bias: (i) low, (ii) some concerns, and (iii) high.

Statistical analysis

The Cochrane Handbook for Systematic Reviews of Interventions was used to guide data
analysis (16). The number of subjects who underwent MRI measurement of liver fat before
and after exercise training was extracted for each study. Both the absolute and relative
changes in MRI measured liver fat were extracted for each study with the corresponding SD.
For the primary outcome, the number of subjects was extracted into 2 groups, those subjects
who had a 230% reduction in MRI-measured liver fat vs those who did not.

For the secondary outcome of exercise dose, exercise dose was calculated according to

the frequency, intensity, time, and type principles (FITT principles) from the American
College of Sports Medicine and reported by the accepted standard of metabolic equivalents
of task (MET) min/wk (17). After exercise dose calculation, the number of subjects was
extracted into 2 groups, those subjects who achieved =750 MET-min/wk of exercise training
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vs those who did not. The 750 MET-min/wk dose of exercise training was chosen because
this equates to 150 minutes per week of moderate-intensity physical activity, the amount
recommended for patients with NAFLD by the clinical practice guidelines (4,18,19).

Review manager software (Rev-Man version 5.4; Copenhagen, The Nordic Cochrane
Centre, The Cochrane Collaboration; September 2020) was used to perform descriptive
analysis of the studies identified, excluded, and included and quantitative meta-analysis.
Where appropriate, the mean differences (absolute and relative liver fat) were calculated and
pooled; odds ratios (ORs) between the 2 groups of subjects for each outcome were estimated
by weighting the study-specific risk ratios by the inverse of their individual variance.
DerSimonian and Laird random-effects models were used to calculate the corresponding
95% confidence intervals (Cls) (20,21). Between-study variability was assessed using the
Cochran’s Q statistic (< 0.05) (20,21). The 12 index was calculated to determine the
proportion of heterogeneity accounted for by between-study variability (20,21). To assess
publication bias, the post hoc funnel plot asymmetry and the Egger test were used (see
Supplementary Figure S2, http:/links.lww.com/AJG/C796) (22).

Study selection

After removing duplicates, the search identified a total of 521 abstracts and titles. After

the review of all titles, abstracts, and full-study texts, a total of 14 studies met inclusion
criteria (Figure 1) (6,23-35). The Supplementary Digital Content (see Supplementary Table
2, http://links.lww.com/AJG/C796) denotes citations and reasons for study exclusion after
the full-text publication review.

Study and patient characteristics

Five hundred fifty-one subjects were included from the 14 studies meeting the criteria

for this review. Study and patient characteristics are summarized in Table 1. Study
intervention duration ranged from 4 to 52 weeks and included the following types of
exercise intervention: aerobic (n = 10), high-intensity interval training (n = 3), resistance
training (n = 1), and aerobic training plus resistance training (n = 2). The subject mean
average age was 53.3 years (range 41-62 years); 47% of participants were female. The
subject mean BMI was 31.1 kg/m? (range 27.1-40.0 kg/m?). No study achieved clinically
significant weight loss required for histologic response (7%-10%), and the mean weight loss
was — 2.8% (range +1.1% to —4.5%) for exercise intervention.

Risk of bias assessment

The majority of included studies were adjudicated to have a low risk of bias (Table 2). Four
studies were judged overall to have some concern bias. Three studies (24,32,33) had some
concerns with the randomization process in that the exercise and control groups were not
well matched for baseline age (24), cardiorespiratory fitness level (24,32), BMI (33), or
MRI-measured liver fat (33). The study by Cuthbertson et al. (29) had some concerns for
bias due to missing data because 9 subjects in the control condition declined the end of study
measurement. With the exception of the studies by Cheng et al. (31) and Abdelbasset et al.
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(34), which blinded study investigators to the group assignment during testing and analysis,
all other studies had some concerns with the measurement of clinical outcomes because
neither study investigators nor participants were blinded to the exercise intervention. The
Supplementary Digital Content (see Supplementary Figure S1, http://links.lww.com/AJG/
C796) summarizes the risk of bias assessment.

Primary outcome: = 30% relative reduction in MRI-measured liver fat

Seven studies contributed data to the analysis of the primary outcome with 152 subjects. The
pooled rate of >30% relative reduction in MRI-measured liver fat was 34% for exercise
training and 13% for the control condition. Meta-analysis found that exercise training
subjects had higher odds of achieving 230% relative reduction in MRI-measured liver fat
(pooled OR 3.51, 95% CI 1.49-8.23, A= 0.004) when compared with standard-of-care
controls (Figure 2). No heterogeneity was observed (12 = 0%).

Secondary outcomes: absolute and relative change in MRI-measured liver fat

Fourteen studies with 551 subjects (338 exercise training and 213 control condition) were
included in the secondary outcome analysis of absolute change in MRI-measured liver fat.
The mean change in absolute liver fat was —6.7% for exercise training vs —0.8% for the
control condition. Meta-analysis demonstrated that the pooled mean difference in absolute
change in MRI-measured liver fat for exercise training vs the control condition was —5.8%,
95% CI -8.1 to —3.6 (P< 0.001) (Figure 3). Significant heterogeneity was observed (12 =
90%).

For the secondary outcome of relative change in MRI-measured liver fat, 9 studies with

195 subjects (118 exercise training and 77 control condition) were able to be analyzed. The
mean relative change in liver fat was —24.1% for exercise training vs + 7.3% for the control
condition. Meta-analysis demonstrated that the pooled mean difference in relative change in
MRI-measured liver fat for exercise training vs the control condition was —26.4%, 95% Cl
-47.2% to —5.5% (P = 0.010) (Figure 3). Although significant heterogeneity was observed
(12 = 96%), it should be noted that in each study that was included, the effect estimate
favored exercise intervention.

Secondary outcomes: exercise dose of 2750 MET-min/wk

Exercise dose was able to be calculated for all 14 studies totaling 551 subjects. Subjects
who were prescribed =750 MET-min/wk of exercise training had a —8.0% (95% CI -8.8

to —-3.7, < 0.001) absolute and —28.9% (95% CI —56.2% to £.1.7%, P = 0.040) relative
mean difference in MRI-measured liver fat vs —4.1% (95% CI -6.1 to —1.9, A< 0.001)

and —22.8% (95%Cl — 33.2 to -12.4, £< 0.001) for subjects prescribed <750 MET-min/wk
(Figure 4). An exercise dose of 2750 MET-min/wk led to a 230% relative reduction in
MRI-measured liver fat in 39.3% of subjects vs 25.7% for a dose <750 MET-min/wk.
Meta-analysis showed that exercise training subjects prescribed an exercise dose =750
MET-min/wk had higher odds of achieving =30% relative reduction in MRI-measured liver
fat (pooled OR 3.73, 95% CI 1.34-10.31, A= 0.010) when compared with standard-of-care
controls (Figure 5) or when compared with those prescribed <750 MET-min/wk (OR 3.17,
95% CI 0.69-14.57, P=0.140). No heterogeneity was observed (12 = 0%).
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Sensitivity analysis
Because the study by Zhang et al. (23) was significantly longer and larger in size than
any of the other studies, we elected to perform a sensitivity analysis and to exclude this
study. Sensitivity analysis demonstrated that the conclusions of the primary and secondary
analyses as presented were unchanged. Figures for the sensitivity analysis are found in the
Supplementary Digital Content (see Supplementary Materials, http:/links.lww.com/AJG/
C796).

DISCUSSION

This systematic review and meta-analysis found a consistent body of evidence from a

large number of highly rigorous international RCTs demonstrating that exercise training

can achieve clinically significant improvement in imaging biomarkers routinely used to
monitor treatment response in patients with NAFLD. Patients with NAFLD who participate
in an exercise training program are substantially more likely to reduce the amount of fat

in their liver. Regular exercise training leads to the achievement of clinically meaningful
reductions in MRI-measured liver fat by a factor of 3.5 when the validated MCID of =30%
relative reduction is used to surrogate for histologic response, including improvement in
NASH activity and liver fibrosis stage regression. Importantly, the ability of exercise training
to achieve clinically meaningful improvement in MRI-measured liver fat is independent

of significant weight loss. The high-quality evidence and low overall bias of this study
provide substantial methodologic rigor to support further confidence in prescribing exercise
as medicine to patients with NAFLD and NASH to achieve the intended clinical response.
Moreover, this study also found an exercise dose of 2750 MET-min/wk, which equates

to 150 min/wk of moderate-intensity physical activity, such as brisk walking or light
cycling, remains necessary to reach the threshold of response required to improve histologic
outcomes. Importantly, when this exercise dose was prescribed, the rate at which =30%
relative reduction in MRI-measured liver fat was achieved is similar to that previously
reported for early-phase NASH drug trials which studied largely antisteatogenic medications
(11,36).

In the context of current recommendations and evidence

At this time, there is no consensus from leading professional societies regarding the optimal
physical activity program or exercise prescription for patients with NAFLD with varying
recommendations across each of the American College of Sports Medicine (ACSM) FITT
principles of exercise prescription. Despite these differences, the current clinical guidelines
from the ACSM, American Gastroenterology Association, and European Association for
the Study of the Liver all agree on one thing: at least 150 min/wk of moderate-intensity
aerobic activity, such as brisk walking or light cycling, is recommended to all patients

with NAFLD and NASH (4,18,19). However, these recommendations are based largely on
expert opinion because head-to-head clinical trials directly comparing different exercise
doses remain largely undertaken and indirect evidence with previous systematic reviews and
meta-analyses have not been conducted to compare different exercise doses.
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In this study, we are the first on a large-scale across multiple highly rigorous RCTs to
confirm the current expert opinion-based guideline recommendations that an exercise dose
of 750 MET-min/wk, which equates to 150 min/wk of moderate-intensity physical activity,
remains necessary for clinical improvement because this is the dose of exercise required

to reach the threshold of MRI-liver fat reduction that surrogates for improved histologic
outcomes. We would suggest that as clinicians counsel patients with NAFLD, especially the
subset of patients with NASH and liver fibrosis, this minimum amount of physical activity
be included in each and every counseling session and reinforced with exercise professionals
who routinely develop exercise prescriptions to administer the intended dose of exercise.
Having an established dose to target is important to allow exercise professionals to vary each
component of FITT exercise prescription for a personalized medicine approach, which may
address an important barrier to NAFLD and NASH improvement by improving adherence to
lifestyle modification.

As lifestyle modification is currently viewed as a vehicle for clinically significant weight
loss, our findings of a weight loss independent benefit of exercise training suggest that we
should reframe our thinking about the role of lifestyle modification, and in particular our
intent with increasing physical activity through exercise training. This study adds to our
understanding by demonstrating that liver fat can be reduced without clinically significant
weight loss and can occur in parallel to other weight loss independent benefits of exercise
training including gain in cardiorespiratory fitness, change in body composition with loss
of adipose tissue and gain in lean muscle mass, and improvement in vascular biology with
reversal of endothelial dysfunction, an established biomarker of cardiovascular risk (5).

Strengths and limitations

This is the only systematic review and meta-analysis to (i) calculate a pooled measure of
effect for exercise training’s ability to achieve the validated MCID for noninvasive imaging
biomarkers required for histologic response; (ii) analyze exercise training programs by dose
of exercise delivered, improving on previous attempts to investigate this which focus instead
on each component of exercise dose (e.g., FITT) separately; and (iii) extend the existing
medical literature through contacting and receiving additional quantitative data not reported
in the original peer-reviewed articles from 6 studies, including the standardized provision of
relative change in liver fat and achievement of the =30% relative reduction threshold.

Further investigation into this topic is unlikely to change our conclusions, given the
methodologically robust assessment performed in this study and full-confidence in these
findings can be put forth into clinical practice and future lifestyle modification-based clinical
trial design. The inclusion of unpublished data enables us to ensure that our meta-analysis is
comprehensive and contains the information required to make this strong conclusion, a fact
that is further supported by the findings of little or no publication bias.

We do recognize that there are limitations to our work. Missing data are problematic for
all systematic reviews with meta-analysis and not all studies reported data for the 30%

MRI-measured liver fat cutoff. Our study is also unable to confirm whether the intended
exercise dose was truly delivered because exercise adherence was not routinely reported
or systematically captured in most of the included RCTs. We were also unable to extract
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data for direct evidence of exercise’s independent benefit on liver histology because no
included study used liver histology as an end point (except the NASHFit trial (6) which
included a small subgroup of 3 subjects who underwent a pilot liver biopsy feasibility

study after 20 weeks of exercise training (37)). Other limitations include that significant
heterogeneity was encountered for several end points, which may be attributed to differences
in study intervention where exercise training programs were not consistent across each

of the ACSM’s FITT Principles of Exercise Prescription nor study population (e.g., most
studies included all stages of NAFLD and only 1 study limited exclusively to NASH) or
differences in MRI methods (one study used MRI-proton density fat fraction while all others
MR-spectroscopy). Dietary interventions were also highly variable or ignored by individual
study designs, and we recognize that in all likelihood, the combination of dietary change and
exercise training together would be expected to be more effective than either alone. There
was also a lack of allocation concealment across all included studies, which can introduce
bias in the results achieved. Despite these limitations, our pooled measure of effect for all
outcomes was highly statistically significant and again, of high confidence.

CONCLUSION

This meta-analysis demonstrates that exercise training is 3 and a half times more likely to
achieve a 230% relative reduction in MRI-measured liver fat, the validated threshold that
surrogates for histologic response with improvement in NASH activity and liver fibrosis
regression. Moreover, an exercise dose of 2750 MET-min/wk is most effective to achieve
this important threshold of treatment response. These results provide further support of the
benefit of prescribing exercise as medicine to all patients with NAFLD, including those with
NASH who are most in need disease modifying therapies. Further research is needed to
validate this indirect evidence and to determine whether exercise training can lead directly to
histologic improvement and also to directly compare the impact of different exercise doses
head-to-head.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Highlights
WHAT IS KNOWN

. Exercise training is crucial in nonalcoholic fatty liver disease management;
however, whether it can achieve clinically meaningful improvement in liver
fat is unclear, especially without modest weight loss.

WHAT IS NEW HERE

. Independent of weight loss, regular exercise is 3.5 times more likely to
achieve clinically meaningful liver fat reduction, especially if >750 metabolic
equivalents of task-min/wk (e.g., 150 min/wk of walking) are completed.

. Exercise should no longer be viewed as a vehicle for weight loss.

. Weight-neutral liver fat improvement should be targeted when prescribing
exercise with at least 750 metabolic equivalents of task-min/wk of exercise
recommended.
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Identification of studies via databases and registers

Identification

Records identified from:
PubMed MEDLINE (n =74)
CINAHL (n = 25)

Scopus (n = 181)

SPORT Discus (n=11)
Web of Science (n = 162)
Cochrane Library (n = 227)

Records removed before
screening:
Duplicate records removed
(n =159)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n =0)

:

Screening

Records screened

Records excluded
(n=485)

(n = 521)

Reports sought for retrieval

(n = 37)
I

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=37)

Reports excluded (n = 23):
No MRI outcome (n = 10)
Not NAFLD patients (n = 7)
No SOC comparator (n = 4)
Duplicate patient data (n =1)
Not exercise training
intervention (n = 1)

Included

Studies included in review
(n=14)

Reports of included studies
(n=14)

Figure 1.

PRISMA diagram. The initial search retrieved 521 reports, of which 14 were included in this
systematic review with meta-analysis. PRISMA, Preferred Reporting Items for Systematic

Reviews and Meta-Analyses.
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Exercise training Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Hallswaorth et al (2011) 4 11 1 4.00 [0.35, 45.38] 2011 -
Sullivan et al 1 12 0 1.70 [0.06, 47.95] 2012 -
Pugh et al (2013) 2 6 0 6.11(0.23, 162.73] 2013
Pugh et al (2014) 2 13 V] 3.70[0.16, 87.38] 2014 - 4
Hallsworth et al (2015) 4 12 1 3.50[0.31, 39.15] 2015 >
Cheng et al 12 22 5 3.12 [0.83, 11.79] 2017 e B am—
Stine et al 6 15 1 4.67 [0.45, 48.26] 2021 =
Total (95% CI) 91 3.51 [1.49, 8.23] *
Total events 31 8

Heterogeneity: Tau® = 0.00; Chi® = 0.39, df = 6 (P = 1.00); I> = 0%

Test for overall effect: Z = 2.88 (P = 0.004)

Figure 2.

Exercise training achieves threshold of MRI-measured liver fat reduction that predicts

: L
Favors [Control] Favors [Exercise]

histologic treatment response. Exercise training subjects had higher odds of achieving >30%
relative reduction in MRI-measured liver fat (pooled OR 3.51, 95% CI 1.49-8.23, A= 0.004)
when compared with standard-of-care controls. Cl, confidence interval; OR, odds ratio.
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Exarcise tralning Control Maan Difference Mean Difference
StudyorSubgroup  Mean SO Total Mean SO Total Welght IV, Random, 95% O Year 1V, Random, 95% C1
1111
Hallsworth et al 2011) 1.8 47 11 03 74 8 595 =2.10[-7.93, 3.73] 2011
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Pugh et al (2014) -9 69 13 -463 8§ 608 -5.00[-1076,0.76] 2014 —_—
Hallsworth et al (2015) -2.8 4 12 0131 a am =2.90 [-6.02, 0.22] 2015 —
Cuthbertson et al -9.3 104 0 -14 79 20 668  -7.90 [-12.98, -2.82] 2016 v
Zhang et al 6.5 16 133 -29 18 73 9.9% =3.60 [-4.00, -3.11] 2016 ¥
Shojaee-Moradieetal  -10.7 3.5 15 Ol 34 12 87% -10.80(-1341,-819) 2016 ——— b
winn et al =53 22 16 72l & 93% -1230[-14.1%, -10.49] 2017 =
Houghton et al 2 44 12 115 12 38K -3.00 [-11.84,5.84] 2017 _— 10+
Cheng et al 55 B5 22 2B 3B 18 768  -8.30(-12.26,-4.34] 2017 —_ Il Exercise
Brouwers et al 22 3 11 -0A 08 11 93%  -L80[-3.550.05] 2018 <]
Abdelbassetetal 2020 =23 14 31 0152 16 B7%  -240(-5.00,0.20] 2020 —] -~ 3 Standard of Care
Stine et al 47 56 15 1228 8 80K  -590[-533,-247 2020 2 0000—— 2
Subtotal (95% C1) 338 213 1000% =584 [-8.09, -3.60] - 5= 04
Haterogeneity: Tey® = 13.24; Chi® = 125.54, df = 13 (P < 0.00001); P - 0% a u
Test for overall effect: Z = 5,10 (P < 0.00001) S e
Toul (95% € 338 213 1000%  -5.84 [-8.09, ~3.60] - 52
Heterogenelty: Tau® m 13.24; Chi* = 125.54, df = 13 (7 < 0.00001%; 1¥ = 90% =T io 1o % a 'g 10
Test for overall effect: 2 = 5,10 F < 0.00001} =
Test For subgroup difarences: Mo sgplicable Favors [Exercise) Favors [Control] % 3
o

58

gI

£z 27

[Exerciss tralning Contrel Mean Difference Mean Difference
_StudyorSubgroup __ Msan D Total Mean 5D Total Weight IV, Random, 95% C1 Year I¥, Random, 95% O

Hallworth et al (20110 -25.7 304 11 -7.5 166 8 1LSX -18.20(-39.5 ———
Sulltvan et al =10 16 12 17 45 & BEK  -27.00 [-67.24, 13.24] —_—l
Pugh et &l (2013} -156 172 6 =33 91 5 122x  -12.30(-2821,3.61) 2013 ———
Pugh et al (2014) -9 132 13 -4 76 8 128%  -5.00(-13.90,3.50] 2014 i B
Halloworth et 3l (2015)  -282 366 12 68 40 & 9EK -35.00(-69.80,-0.40] 2015
Winn et al -286 9.5 16 173 145 5 124X -45.90 [-59.44, -32.36] 2017 T
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Brouwers et al S35 5S4 11 283 601 11 78K -6.201-53.95,4155] 2018 1 p—
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Total (95% C1) 118 77 1000% -26.35 [-47.23, -5.46] e
Heterogeneity: Tau® = 865,8%; ChI' = 187.30, df = & (P < 0.00001); ' = 96% 5 <5
Test for everall effect: Z = 2.47 (P = 001} Favors (Exercise) Favors [Control)

Figure 3.
Exercise training leads to greater absolute and relative reduction in MRI-measured liver

fat than standard clinical care. (a) The pooled mean difference in absolute change in MRI-
measured liver fat for exercise training vs the control condition was —5.8%, 95% CI -8.1%
to —3.6% (P < 0.001). (b) Mean relative change in liver fat was —24.1% for exercise training
vs +7.3% for the control condition. (c) The pooled mean difference in relative change in
MRI-measured liver fat for exercise training vs the control condition was —26.4%, 95% Cl
-47.2% to —5.5% (P = 0.010). ClI, confidence interval.
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Exerclse tralning Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% Cl
Pugh et al (2013) -13 65 6 -39 51 5 9.3% -9.10([-15.96,-2.24] 2013
Pugh et al (2014) -9 69 13 -463 8 10.6%  -5.00[-10.76,0.76] 2014 —_—
Shojace-Moradieetal -10.7 3.5 15 0. 3.4 12 141% -10.80[-13.41,-8.19] 2016 —_—
Cuthbertson et al -9.3 104 30 -14 79 20 11.4% -7.90[-12.98, -2.82] 2016 —_—
Cheng et al -55 85 22 2838 18 12.7% -8.30[-12.26,-4.34] 2017 —_—
Winn (HIT) et al -6.8 15 8 721 8 14.8% -13.80[-15.59,-12.01] 2017 —_
Abdelbassetetal 2020 -2.4 29 15 0.1 52 16 13.8% -2.50 [-5.44, 0.44] 2020 —
Stine et al -47 56 15 1228 8 133%  -590[-9.33,-2.47] 2021 —_—
Total (95% CI) 124 95 100.0% -8.03 [-11.35, -4.71] i
Heterogeneity: Tau? = 18,57; Chi* = 52.16, df = 7 (P < 0,00001); I = 87% T =I5 ‘ - =

Test for overall effect: Z = 4.73 (P < 0.00001) Favors [Exercise] Favors [Control]

Figure 4.
Exercise dose of =750 MET-min/wk leads to greater reduction in absolute and relative

MRI-measured liver fat. (a) Subjects who were prescribed =750 MET-min/wk of exercise
training had a —8.0% (95% CI -8.8 to —3.7, £< 0.001) absolute and —28.9% (95% CI
-56.2% to —1.7%, P=0.040) relative mean difference in MRI-measured liver fat vs -4.1%
(95% CI -6.1t0 —1.9, A< 0.001) and —22.8% (95% CI -33.2 to -12.4, P=0.005) for
subjects prescribed <750 MET-min/wk. (b) Exercise dose =750 MET-min/wk led to a =30%
relative reduction in MRI-measured liver fat in 39.3% of subjects vs 25.7% for a dose <750
MET-min/wk. CI, confidence interval; MET, metabolic equivalent of task.
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Test for overall effect: Z = 1.48 (P = 0.14)

Figure 5.
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a Exercise training Control Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% ClI
Pugh et al (2013) 2 6 0 5 8.4% 6.11[0.23, 162.73] 2013 »
Pugh et al (2014) 2 13 0 8 12.1% 3.70(0.16, 87.38] 2014 b
Cheng et al 12 22 5 18 60.6% 3.12[0.83,11.79] 2017 T—
Stine et al 6 15 1 8 19.0% 4.67[0.45, 48.26] 2021 "
Total (95% CI) 56 39 100.0% 3.73 [1.34, 10.41] -~
Total events 22 6
Heterogeneity: Chi? = 0.19, df = 3 (P = 0.98); I? = 0% ! t t i
Test fo? over:II eﬂ:ect' Z=252(p E 0.01) ) 0K o g 10
PR i Favors [Control] Favors [Exercise]
b Exercise training Control Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Rand 95% ClI
Hallsworth et al (2011) 4 11 1 8 39.4% 4,00 [0.35, 45.38] 2011 =
Sullivan et al 1 12 0 6 20.8% 1.70 [0.06, 47.95] 2012 ol
Hallsworth et al (2015) 4 12 1 8 39.8% 3.50 [0.31, 39.15] 2015 =
Total (95% CI) 35 22 100.0% 3.17 [0.69, 14.57] — e
Total events 9 2
. 2 _ . 2 _ P - T - I 1 : :
Heterogeneity: Tau® = 0.00; Chi* = 0.18,df = 2 (P = 0.92); I = 0% .01 o1 T 100

Favors [Control] Favors [Exercise] 2750 MET-min/wk

Exercise dose of =750 MET-min/wk leads to greater achievement of MRI-measured liver fat
reduction threshold for histologic treatment response. (a) Meta-analysis showed exercise
training subjects prescribed an exercise dose 2750 MET-min/wk had higher odds of
achieving =30% relative reduction in MRI-measured liver fat (pooled OR 3.73, 95% CI
1.34-10.31, P=0.010). (b) Those prescribed <750 MET-min/wk did not achieve statistically
significant rates of >30% relative reduction in MRI-measured liver fat (OR 3.17, 95% CI
0.69-14.57, P=0.140). Cl, confidence interval; MET, metabolic equivalent of task; OR,

odds ratio.
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