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IMPORTANCE Nonalcoholic fatty liver disease (NAFLD) affects about 25% of adults worldwide
and is associated with obesity. Weight loss may improve biomarkers of liver disease, but its
implications have not been systematically reviewed and quantified.

OBJECTIVE To estimate the association of weight loss interventions with biomarkers of liver
disease in NAFLD.

DATA SOURCES MEDLINE, Embase, PsycINFO, CINAHL, Cochrane, and Web of Science
databases along with 3 trial registries were searched from inception through January 2019.

STUDY SELECTION Randomized clinical trials of people with NAFLD were included if they
compared any intervention aiming to reduce weight (behavioral weight loss programs
[BWLPs], pharmacotherapy. and surgical procedures) with no or lower-intensity weight loss
intervention. The review followed the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines.

DATA EXTRACTION AND SYNTHESIS Two independent reviewers screened the studies,
extracted the data, and assessed the risk of bias using the Cochrane tool. Pooled mean
differences or odds ratios (ORs) were obtained from random-effects meta-analyses.

MAIN OUTCOMES AND MEASURES Blood, radiologic, and histologic biomarkers of liver disease.

RESULTS Twenty-two studies with 2588 participants (with a mean [SD] age of 45 [14] years
and with approximately 66% male) were included. Fifteen studies tested BWLPs, 6 tested
pharmacotherapy, and 1tested a surgical procedure. The median (interquartile range)
intervention duration was 6 (3-8) months. Compared with no or lower-intensity weight loss
interventions, more-intensive weight loss interventions were statistically significantly
associated with greater weight change (-3.61kg; 95% Cl, -5.11t0 -2.12; I = 95%). Weight loss
interventions were statistically significantly associated with improvements in biomarkers,
including alanine aminotransferase (-9.81U/L; 95% Cl, -13.12 to -6.50; I* = 97%)),
histologically or radiologically measured liver steatosis (standardized mean difference: -1.48;
95% Cl, -2.27 to -0.70; I? = 94%), histologic NAFLD activity score (-0.92; 95% Cl, -1.75 to
-0.09; I = 95%), and presence of nonalcoholic steatohepatitis (OR, 0.14; 95% Cl, 0.04-0.49;
I? = 0%). No statistically significant change in histologic liver fibrosis was found (-0.13; 95%
Cl,-0.54 to 0.27; P = 68%). Twelve studies were at high risk of bias in at least 1 domain. In a
sensitivity analysis of the 3 trials at low risk of bias, the estimates and precision of most
outcomes did not materially change.

CONCLUSIONS AND RELEVANCE The trials, despite some heterogeneity, consistently showed
evidence of the association between weight loss interventions and improved biomarkers of
liver disease in NAFLD in the short to medium term, although evidence on long-term health
outcomes was limited. These findings appear to support the need to change the clinical
guidelines and to recommend formal weight loss programs for people with NAFLD.
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Association of Weight Loss Interventions With Changes in NAFLD Biomarkers

onalcoholic fatty liver disease (NAFLD) represents a
spectrum of diseases starting from excess fat in the
liver (steatosis) that can progress to inflammation and
fibrosis (nonalcoholic steatohepatitis [NASH]), advanced fi-
brosis, and cirrhosis. Worldwide, approximately 25% of adults
have NAFLD and about 2% to 6% of adults have NASH.! Ap-
proximately 50% to 75% of people with obesity also have
NAFLD.2 Obesity is a factor in the pathogenesis of both initial
steatosis and progression to NASH.? It is associated with more
severe forms of NAFLD and with worse prognosis.>
Nonalcoholic fatty liver disease is serious and costly be-
cause patients with NAFLD have a high risk for liver-related
and cardiovascular morbidity and mortality.* People with se-
vere NAFLD have 2.5 times (95% CI, 1.78-3.75) higher inci-
dence of cardiovascular disease compared with matched
controls.® Incidence of hepatocellular carcinoma associated
with NAFLD has increased 10-fold in the past decades, and
NASH is the second most important factor in liver transplant.®”
Within NAFLD, fibrosis is the marker most associated with long-
term outcomes. Advanced fibrosis confers a relative risk of liver
events of 14 and mortality of 3.5°
No licensed pharmacotherapy is currently available for
NAFLD or NASH. Clinical guidelines around the world recom-
mend physicians offer advice on lifestyle modification, which
mostly includes weight loss through hypoenergetic diets and
increased physical activity.!°'* However, whether clinicians
provide advice and the type of advice they give vary greatly,'
and guidelines rarely specifically recommend treatment pro-
grams to support weight loss. Behavioral weight loss pro-
grams (BWLPs), weight loss pharmacotherapy, and bariatric
surgery lead to weight loss and a favorable cardiometabolic pro-
file, but their association with improvements in NAFLD is
unclear.'®!® Largely based on observational data, the assump-
tion is that weight loss improves NAFLD through reducing in-
sulin resistance, inflammation, and oxidative stress. Previ-
ous reviews did not find sufficient trials to perform a
meta-analysis'® or did not assess biomarkers of liver disease.?°
Otherreviews have included isoenergetic diets of varying mac-
ronutrient content and exercise-only trials that may con-
found the association between weight loss and NAFLD.2%-22
The current systematic review and meta-analysis aimed
to synthesize the data from randomized clinical trials (RCTs)
of interventions for weight loss and to quantitatively analyze
the likely implications of weight loss and improvements in glu-
cose regulation for biomarkers of liver disease.

Methods

The review protocol was prospectively registered (PROS-
PERO ID: CRD42018088882). The protocol was followed with
no changes, and the review followed the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
guidelines.?®

The review included RCTs on adults with an NAFLD diag-
nosis. Given the lack of an accepted definition for the diagno-
sis of NAFLD, we used the definition presented in each study,
including, but not limited to, the presence of NASH.
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Key Points

Question Are weight loss interventions associated with changes
in biomarkers of liver disease in people with nonalcoholic fatty
liver disease?

Findings In this systematic review and meta-analysis of 22
randomized clinical trials with 2588 participants with nonalcoholic
fatty liver disease, weight loss interventions were associated with
clinically meaningful improvements in biomarkers of liver disease,
although no evidence of changes in fibrosis was found.

Meaning Evidence appeared to support changing the current
clinical guidelines and recommending formal weight loss programs
to treat people with nonalcoholic fatty liver disease.

We included interventions comprising BWLPs, pharma-
cotherapy, bariatric surgery, alone or in combination. Exer-
cise or diet interventions that did not aim for weight loss were
excluded. Studies in which a weight loss intervention was com-
bined with another potential treatment for NAFLD, such as pio-
glitazone hydrochloride, were excluded because the effect of
weight loss intervention was potentially confounded by ad-
ditional effects of the medication on the pathogenesis of
disease.

The comparator intervention was no or minimal weight loss
support or a lower-intensity weight loss intervention. We de-
fined the intensity of the program by the extent of behavioral
support, prescribed energy deficit, or pharmacotherapy dose.
In trials that compared pharmacotherapy with BWLPs, phar-
macotherapy was a priori deemed the intervention and the
BWLP the comparator. Trials that compared interventions of
the same intensity (eg, comparison between diets with the
same behavioral support and energy deficit but different mac-
ronutrient content) were excluded.

To be included, trials needed to report at least 1 bio-
marker of liver disease, including alanine aminotransferase
(ALT), aspartate transaminase (AST), alkaline phosphatase
(ALP), y-glutamyltransferase (GGT), the Enhanced Liver Fi-
brosis score, the NAFLD fibrosis score, the Fatty Liver Index,
liver stiffness, radiologically or histologically measured ste-
atosis, inflammation, ballooning, fibrosis, and the NAFLD Ac-
tivity Score (NAS). Weight and insulin-resistance markers (he-
moglobin A, fasting glucose, fasting insulin, and the
homeostatic model assessment for assessing insulin resis-
tance [HOMA-IR] or equivalent) were considered as mediat-
ing variables. Secondary outcomes included any adverse
events. Trials were included irrespective of the length of in-
tervention or length of follow-up.

We searched MEDLINE, Embase, PsycINFO, CINAHL, Coch-
rane, and Web of Science databases and 3 trial registries from
inception until January 2019 with no restrictions on lan-
guage or publication date. The search strategy (eMethods in
the Supplement) was created by an experienced librarian and
has been published. We also hand-searched studies from sys-
tematic reviews of interventions in NAFLD.

Among 6 of us (D.A.K., NNM.A., K.ET., EXM., J.LA.H., and
M.N.), 2 paired up at a time to independently screen each
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study’s title and abstract and full text using an online stan-
dardized tool.?* Two of us at a time also independently ex-
tracted the data using a predefined and prepiloted data ex-
traction form and assessed the risk of bias using the Cochrane
Risk of Bias tool.?° The data items prespecified in the pub-
lished protocol were extracted. Discrepancies were resolved
through discussion or referral to a third reviewer (D.A.K. or
P.A.). We contacted study authors for additional data when re-
quired. We assessed publication bias with funnel plots.

We conducted a meta-analysis for all outcomes in which
at least 2 comparisons were available, using random-effects
models defined a priori given the heterogeneity in the inter-
ventions, study populations, and assessment of outcomes. All
outcomes are summarized as difference in means with 95% ClIs,
except the presence of definite NASH, which is summarized
as odds ratios (ORs). Steatosis was summarized as standard-
ized mean difference because it was measured with 3 differ-
ent techniques (histologic examination, ultrasonography, and
magnetic resonance imaging). Statistical heterogeneity was as-
sessed with the I? statistic. We judged the strength of evi-
dence by the precision of the CIs, suggesting clinically rel-
evant improvements, and the heterogeneity. Data were
interpreted in light of changes in mediating variables. For ex-
ample, studies in which the weight loss interventions did not
lead to weight loss may also not have led to a difference in bio-
markers of liver disease. For ease of interpretation, all forest
plots arranged the studies in descending order of achieved
weight change.

For 3-arm RCTs, we compared the participants in each of
the 2 interventions against half of the participants in the con-
trol group. If data on the change in liver state and its SD were
not provided, we estimated these following the methods de-
scribed in the Cochrane Handbook.?® We estimated mean base-
line weight if studies reported only body mass index (BMI)
using mean height by sex for the specific country.2® Aiming to
reduce bias in summary estimates, we included in the meta-
analysis only studies that described when the outcome in ques-
tion showed no significant change at follow-up. To do so, we
assumed the follow-up value equaled the baseline value and
that the 2 measures were correlated when estimating the SD
of the change. We reported the analytical methods of each
study and used the data as analyzed in the published studies,
acknowledging the variation in the methods of dealing with
missing data. All analyses were conducted in Review Man-
ager, version 5.3 (Cochrane Community).

We ran 3 prespecified additional analyses: (1) an analysis
including only studies with a low risk of bias, (2) a subgroup
analysis to explore the implications of different types of in-
terventions (BWLPs and pharmacotherapy), and (3) separate
analyses for interventions compared with a lower-intensity in-
tervention and for interventions compared with no or mini-
mal weight loss intervention. We undertook a post hoc sub-
group analysis comparing the studies that had a minimum
cutofftoinclude only participants with overweight in their eli-
gibility criteria against studies that enrolled participants irre-
spective of weight status. We undertook a post hoc analysis
to examine changes in fibrosis to separate trials that included
people with all stages of NAFLD from people with NASH be-
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cause this is one of the US Food and Drug Administration cri-
teria for licensing treatments for NASH.

. |
Results

Excluding duplicates, 2096 titles or abstracts were screened
and 221 full-text articles were assessed. Most studies were ex-
cluded because the intervention or comparator did not meet
the inclusion criteria. Twenty-two studies evaluating 26 in-
terventions were included, with 20 full-text articles and 2 con-
ference abstracts only?”2® (PRISMA flowchart in eFigure 1in
the Supplement).

Overall, 2588 participants were included in the analyses.
Six trials were conducted in middle-income countries,?°>*and
the remaining trials were in high-income countries.?”->>8 The
location was unclear for 1 study.?® Sixteen studies recruited par-
ticipants with any stage of NAFLD,?7:29-34.36.37.39,40,42,43,46-48
and 6 recruited only participants with NASH.28:35:38.41.44.45
Seven studies recruited participants regardless of
BMI,31-33:40:46-48 ywhereas 15 of 22 recruited only people above
aminimum BMI (median cutoff, 25). Among participants, ap-
proximately 66% were male and the mean (SD) age was 45 (14)
years, the mean (SD) BMI was 33.7 (10.7), and about 7% had
type 2 diabetes (4 studies did not report on diabetes status and
3 did not report on sex; thus, no exact numbers were given).

Six studies tested BWLPs against usual care,?9:31:32:3537 9
tested BWLPs against a lower-intensity BWLP,27%29:33,34,39,40,42,45-47
2 tested pharmacotherapy against placebo,?®-38 1 tested pharma-
cotherapy against a BWLP,** 3 tested pharmacotherapy with a
BWLP against either a BWLP or placebo,3°:414® and 1 tested a
surgical procedure with a BWLP against a BWLP.** The Table
presents the key characteristics of the included studies with
additional detail provided in eTables 1 and 2 in the Supple-
ment. Most BWLPs included both an energy-restricted diet and
an exercise component; the pharmacotherapy included orli-
stat, liraglutide, or sibutramine hydrochloride; and the 1 sur-
gical trial examined the implication of placing a gastric bal-
loon. The median (interquartile range [IQR]) intervention
duration was 6 (3-8) months, and all trials examined out-
comes at intervention completion.

All but 1 study?® reported ALT and weight. Eighteen com-
parisons reported an insulin resistance index (HOMA-IR, Mat-
suda index, or QUICKI index). Steatosis was examined by ul-
trasonography (n = 4),29:32:36:48 magnetic resonance imaging
(n = 4),%8:3147 or histologic examination (n = 5).38-41:44.45.48
There were 6 comparisons from 5 studies of NAS,38-40:41:44.45
and 2 studies reported histologically defined NASH.>84> Ad-
ditional blood biomarkers included AST, ALP, GGT, the En-
hanced Liver Fibrosis score, the NAFLD fibrosis score, and the
Fatty Liver Index. Five comparisons reported liver stiffness by
ultrasonography.3¢-4243-47 Four studies reported inflamma-
tion and ballooning,>®:444:4> and 6 comparisons reported on
liver fibrosis by histologic examination.38:40-41:44.45

Compared with no or minimal or lower-intensity inter-
ventions, more-intensive weight loss interventions, based on
evidence, were associated with greater weight change (-3.61
kg; 95% CI, -5.11to -2.12; IZ = 95%) (Figure 1). Mixed evidence
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Table. Characteristics of Included Studies

Participants, %

Total, Female Duration,
Source Disease No. Male mo Weight Loss Intervention Comparison Outcomes Measured
Dong et al,32 2016 China NAFLD 280 100 0 24 Diet and exercise Usual care ALT, AST, GGT, NFS, FLI,
steatosis-US
Sun et al,3* 2012 China NAFLD 1087 64 36 12 Diet and exercise Minimal ALT, AST, GGT
intervention
Wong et al,*” 2013 Hong NAFLD 154 46 54 12 Diet and exercise Minimal ALT, AST, FLI, liver
Kong intervention stiffness, steatosis-MRI
Cheng et al,* 2017 China NAFLD 86 23 77 9 Arm 1: Diet Usual care ALT, AST, GGT,

Arm 2: Exercise? steatosis-MRI

Arm 3: Diet and exercise
Abenavoli et al,?® 2017 Italy NAFLD 30 60 40 6 Arm 1: Diet and exercise Usual care ALT, AST, GGT, FLI, liver

Arm 2: Diet, exercise, and antioxidant stiffness, steatosis-US

supplement?

Axley et al,>® 2018 United NAFLD 30 37 63 6 Diet and exercise Minimal ALT, AST

States intervention

Eckard et al,*® 2013 United NAFLD 3241 59 6 Arm 1: Low-fat diet and exercise _Minimal ) ALT, AST, NAS, fibrosis

States Arm 2: Moderate-fat diet and exercise intervention

Promrat et al,*> 2010 United NASH 31 71 29 6 Diet and exercise Minimal ALT, AST, NAS,

States intervention steatosis-H,
inflammation,
ballooning, fibrosis,
definite NASH

Katsagoni et al,*2 2018 NAFLD 63 68 32 6 Arm 1: Diet Minimal ALT, GGT, NFS, liver

Greece ; . intervention stiffness

Arm 2: Diet and exercise

Abd El-Kader et al,° 2016 NASH 100 70 30 3 Diet and exercise Usual care ALT, AST

Saudi Arabia

Al-Jiffri et al,3” 2013 Saudi NAFLD 100 100 0 3 Diet and exercise Usual care ALT, AST, ALP, GGT

Arabia

Asghari et al,2° 2018 Iran NAFLD 60 68 32 3 Arm 1: Diet Placebo ALT, AST, steatosis-US,

Arm 2: Resveratrol®
St Geor_ge et al,*¢ 2009 NAFLDP152 63 37 3 Arm 1: Low-intensity diet and exercise Minimal i ALT, AST, GGT
Seels Arm 2: Moderate-intensity diet and TR

exercise

Lim et al,?” 2018 Singapore ~ NAFLD 86  NR NR 3 Diet and exercise and mobile app Diet and ALT, AST

exercise

Selezneva et al,33 2014 NAFLD 174 NR NR 1 Diet Isocaloric diet ALT, AST

Russia

Armstrong et al, 38 2016 NASH 52 59 41 12 Liraglutide Placebo ALT, AST, ALP, GGT, ELF,

United Kingdom NAS, steatosis-H,
inflammation,
ballooning, fibrosis,
definite NASH

Khoo et al,** 2017 Singapore NAFLD 30 92 8 6 Liraglutide Diet and ALT, AST, liver stiffness

exercise

Harrison et al,** 2009 United NASH 41 32 68 9 Orlistat and diet Diet ALT, AST, ALP, NAS,

States steatosis-H,
inflammation,
ballooning

Yeetal,?® 2017 NR NASH 30 NR NR 6 Orlistat Placebo Steatosis-MRI

Zelber-Sagi et al,*® 2006 NAFLD 52 43 57 6 Orlistat, diet, and exercise Placebo, diet, ALT, AST, GGT,

Israel and exercise steatosis-US,
steatosis-H, fibrosis

Bahmanadabi et al,3° 2011 NAFLD 40 20 80 3 Sibutramine hydrochloride and diet Diet ALT, AST, steatosis-US

Iran

Leeetal,** 2012 Singapore  NASH 18 61 39 6 Gastric balloon surgical procedure, Sham ALT, NAS, steatosis-H,

diet, and exercise procedure, diet, inflammation,

and exercise ballooning, fibrosis
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, review eligibility criteria.
aspartate transaminase; ELF, Enhanced Liver Fit?rosis; F!_I, Fat.ty Liver Index; ® Eight participants had hepatitis C and were not receiving antiviral therapy
GGT, y-glutamyltransferase; NAFLD, nonalcoholic fatty liver disease; NAS, (n = 6in the intervention; n = 2 in the control). We included the study in the
NAFLD activity score; NASH, nor_1a|coh_o|ic Ste_atOhepatitiS? NFS, NAFLD fibrosis analysis because the authors reported that their results did not change in a
score; NR, not reported; steatosis-H, histologically assessed steatosis; sensitivity analysis that excluded these participants. We also ran a sensitivity
steatosis-MRI, magnetic resonance imaging-assessed steatosis; steatosis-US, analysis excluding this study, and the estimates of the meta-analysis did not
ultrasonography assessed steatosis. change.
@ This study arm was excluded from the analysis because it did not meet the
jamainternalmedicine.com JAMA Internal Medicine September 2019 Volume 179, Number9 1265
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Figure 1. Association Between Weight Loss Intervention (WLI) and Weight Loss (WL)

More Intensive WLI Less Intensive WLI

Mean Difference More : Less Weight,
Source Mean (SD) Total Mean (SD) Total in Weight, kg (95% ClI) Intensive WLI : Intensive WLI %
Al-Jiffri et al,37 2013 -13.7 (3.4) 50 0.8(3.0) 50 -14.50 (-15.76 to -13.24) - 4.5
Promrat et al,#> 2010 -8.7(12.4) 20 -0.5(7.4) 10 -8.20 (-15.31 to -1.09) B 2.3
Abd El-Kader et al,35 2016 -5.9(2.2) 50 2.1(2.9) 50 -8.00 (-9.01 t0 -6.99) - 4.6
Sunetal,342012 -6.1(9.2) 674 1.3(9.2) 332 -7.40 (-8.61 t0 -6.19) - 4.5
Bahmanadabi etal,302011  -13.0(10.0) 20 -6.1(30) 20 -6.90 (-11.48 to -2.32) —. 3.2
Abenavoli et al,36 2017 -5.1(3.4) 20 0.4(2.3) 10 -5.50 (-7.56 to -3.44) - 4.3
Wong et al,47 2013 -5.6(5.7) 77 -0.6 (3.7) 77 -5.00 (-6.52 to -3.48) - 4.5
Armstrong et al,38 2016 -5.3(4.7) 23 -0.6 (4.4) 22 -4.70 (-7.36 t0 -2.04) —a— 4.1
Asghari et al, 292018 -4.1 (4.0) 30 0(2.7) 30 -4.10 (-5.83t0-2.37) - 4.4
Axley et al,39 2018 -2.7(5.0) 8 0.9 (6.0) 14 -3.60 (-8.28 t0 1.08) —a— 3.2
Selezneva et al,33 2014 -9.3(1.8) 58 -6.2(1.7) 116 -3.10 (-3.66 to -2.54) ] 4.6
Katsagoni et al,#2 2018 (D) -5.6 (4.1) 21 -2.8(3.9) 11 -2.80(-5.70t0 0.10) — . 4.0
Lim et al,27 2018 -3.2(2.5) 43 -0.9(2.0) 43 -2.30(-3.26 t0 -1.34) - 4.6
St George et al,6 2009 (M) -2.8(3.4) 73 -0.5(3.7) 17 -2.30 (-4.22 t0-0.38) - 43
Katsagoni et al,#2 2018 (D+E)  -4.9 (4.1) 21 -2.8(3.9) 10 -2.10 (-5.09 t0 0.89) — 3.9
Zelber-Sagi et al,%8 2006 -7.7 (6.8) 21 -5.9(5.9) 23 -1.80 (-5.58 t0 1.98) — . 3.6
Harrison et al,41 2009 -8.2(5.0) 23 -6.4(5.2) 18 -1.80 (-4.95 to 1.35) — 3.9
Cheng et al,31 2017 (D+E) -1.5(3.2) 29 0.2(3.3) 15 -1.70 (-3.74 t0 0.34) — 4.3
Dong et al,32 2016 -1.4(4.9) 130 0.1(4.1) 130 -1.50 (-2.60 to -0.40) - 4.6
St George et al,%6 2009 (L) -1.9(3.7) 36 -0.5(3.7) 17 -1.40(-3.53t00.73) —a— 43
Cheng et al,31 2017 (D) -0.8(3.1) 28 -0.2(3.3) 14 -1.00 (-3.08 to 1.08) —.— 43
Lee et al,*4 2012 -1.6(3.1) 8 -0.8(2.3) 10 -0.80(-3.38t0 1.78) — 4.1
Eckard et al,%0 2013 (MF) -3.0(4.7) 9 -2.5(5.3) 5 0.50 (-6.07 to 5.07) —a— 2.8
Khoo et al,43 2017 -3.5(2.1) 12 -3.5(3.3) 12 0.00(-2.21t02.21) —— 4.2
Eckard et al,*0 2013 (LF) -0.2(5.4) 12 -2.5(5.3) 6 2.30(-2.93t07.53) — 3.0
Total (95% Cl) 1496 1062 -3.61(-5.11t0-2.12) <o 100.0
Heterogeneity 12=12.45; X% =458.04; P<.001; [2=95%
Test for overall effect: z=4.74; P<.001

-20  -15  -10 -5 0 5 15 10
Mean Difference (95% Cl)

D indicates diet group; D+E, diet and exercise group; L, low-intensity intervention group; LF, low-fat diet group; M, moderate-intensity intervention group; and MF,

moderate-fat diet group.

emerged that more-intensive interventions were associated
with improved glucose regulation and insulin resistance, be-
cause several estimates were imprecise and CIs for insulin and
insulin resistance included the null (eFigures 1.1-1.4 in the
Supplement).

Although the effect size was imprecisely estimated, clear
evidence showed that blood markers for liver disease im-
proved, including ALT (-9.81 U/L; 95% ClI, -13.12 to -6.50;
I2 = 97%; to convert to microkatal per liter, multiply by 0.0167)
(Figure 2) and AST (-4.84 U/L; 95% CI, -7.31 to -2.38; I? = 96%;
to convert to microkatal per liter, multiply by 0.0167) (eFig-
ure 1.5 in the Supplement). The change in ALP was -5.53 U/L
(95% CI, -20.48 t0 9.22; I’ = 96%,; to convert to microkatal per
liter, multiply by 0.0167) (eFigure 1.6 in the Supplement) and
in GGT was -4.35 U/L (95% CI, -7.67 to -1.04; I? = 92%; to con-
vert to microkatal per liter, multiply by 0.0167) (eFigure 1.7 in
the Supplement). No evidence was found of an association be-
tween NAFLD fibrosis score (0.15; 95% CI, -0.13 to 0.43;
I? = 68%) (eFigure 1.8 in the Supplement) and Fatty Liver In-
dex (-1.84; 95% CI, -5.08 t0 1.40; I? = 96%) (eFigure 1.9 in the
Supplement). Only one trial reported changes in the En-
hanced Liver Fibrosis score (-0.40; 95% CI, -0.87t0 0.07) (eFig-
ure 1.10 in the Supplement).

JAMA Internal Medicine September 2019 Volume 179, Number 9

Clear evidence showed that weight loss interventions were
associated with improved liver steatosis measured by histo-
logic examination, magnetic oukidisresonance imaging, or ul-
trasonography (standardized mean difference, -1.48; 95% CI,
-2.27 to -0.70; I? = 94%) (Figure 3). Clear but imprecise evi-
dence indicated that weight loss interventions were associ-
ated with changes in liver stiffness (-1.11 kPa; 95% CI, -1.91 to
-0.32; = 94%) (eFigure 1.11in the Supplement), the NAS score
(-0.92;95%CI, -1.75t0 -0.09; I? = 95%) (Figure 4), and the pres-
ence of definite NASH (OR, 0.14; 95% CI, 0.04-0.49; I? = 0%)
(eFigure 1.12 in the Supplement). No evidence was found of
changes in the histologic scores for inflammation (-0.01; 95%
CI,-0.10t0 0.07; Z = 0%) (eFigure 1.13 in the Supplement), bal-
looning (-0.11; 95% CI, -0.26 to 0.04; I? = 43%) (eFigure 1.14
in the Supplement), or fibrosis (-0.13; 95% CI, -0.54 to 0.27;
I? = 68%) (eFigure 1.15 in the Supplement).

Only 2 trials followed up participants after the end of the
intervention: 1 after 6 months,*° and 1 after 5 years.>° No evi-
dence was found of between-group differences in weight, glu-
cose, HOMA-IR, ALT, or Fatty Liver Index in the long-term fol-
low-up (eFigures 2.1-2.5 in the Supplement).

eTable 3 in the Supplement shows the reported adverse
events. Half of the studies (n = 11) did not report on adverse
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Figure 2. Association Between Weight Loss Intervention (WLI) and Alanine Aminotransferase (ALT)

Source

More Intensive WLI

Less Intensive WLI

Mean (SD) Total

Mean (SD) Total

Al-Jiffriet al,37 2013
Promrat et al,45 2010

Abd El-Kader et al,35 2016
Sun et al, 342012
Bahmanadabi et al,30 2011
Abenavoli et al,36 2017
Wong et al,47 2013
Armstrong et al,38 2016
Asghari et al,29 2018
Axley et al, 392018
Selezneva et al,33 2014
Katsagoni et al,42 2018 (D)
Lim et al,27 2018

St George et al,6 2009 (M)

Katsagoni et al,42 2018 (D+E)

Zelber-Sagi et al, %8 2006
Harrison et al,41 2009
Cheng et al,31 2017 (D+E)
Dong et al,32 2016

St George et al,46 2009 (L)
Cheng et al,31 2017 (D)
Lee et al,44 2012

Eckard et al,#0 2013 (MF)
Khoo et al,43 2017

Eckard et al,40 2013 (LF)

-13.6(1.6) 50
-42.4(23.0) 20
-11.7(1.3) 50
-229(9.2) 674

-7.5(10.9) 20

0.5(7.2) 20
-17.017.7) 77
-26.6(34.4) 23

-4.3(7.5) 30
-12.0(8.1) 8

-4.0(22.00 58
-200(26.1) 21
-353(39.3) 43
-19.1(29.7) 73
-22.2(9.7) 21
-30.6(59.0) 21
-55.0(58.8) 23

-1.5 (4.0) 29

-47(8.1) 130
-149(35.6) 36

-4.4(4.0) 28
-53.0(13.3) 8
-19.8 (54.9) 9
-340(7.00) 12
2275279 12

0.7 (1.7) 50
-16.5(142) 10
0.4(1.1) 50
3.7(9.2) 332
-5.7(17.6) 20
-0.3(8.9) 10
-7.0(9.5) 77
-102(35.8) 22
-7.2(10.3) 30
-6.0(10.4) 14
-21.3(11.4) 116
-26(10.5) 11
-9.6(23.2) 43
-73(185) 17
-2.6(10.5 10
-12.7(26.6) 23
-45.0(32.4) 18
1.5(3.3) 15
-1.6(8.5) 130
-73(185) 17
1.5(3.3) 14
-27.5(13.3) 10
-4.3(38.7) 5
-42.0(46.0) 12
-4.3(38.7) 6

Total (95% CI) 1496
Heterogeneity 12=44.17; x5, =924.44; P<.001; 12=97%
Test for overall effect: z=5.81; P<.001

1062

Mean Difference More @ Less Weight,
in ALT, U/L (95% CI) Intensive WLI : Intensive WLI %
-14.30 (-14.95t0 -13.65) ] 6.4
-25.90 (-39.28 t0 -12.52) — 3.1
-12.10(-12.57 to-11.63) ] 6.5
-26.60 (-27.81 t0 -25.39) = 6.4
-1.80(-10.87 t0 7.27) —.— 43
0.80 (-5.55t07.15) —-— 5.2
-10.00 (-14.49to -5.51) - 5.8
-16.40 (-36.93t0 4.13) —a— 1.9
-11.50 (-16.06 to -6.94) - 5.8
-6.00(-13.82t01.82) —— 4.7
25.30(19.27 t0 31.33) —— 5.3
-17.40 (-30.17 to -4.63) —a— 3.3
-25.70(-39.34 t0 -12.06) —— 3.1
-11.80(-22.92 to -0.68) —— 3.7
-19.60 (-27.32t0-11.88) —.— 4.8
-17.90 (-45.38 t0 9.58) —_— 1.2
-10.00 (-38.3 t0 18.31) —— 1.1
-3.00 (-5.22t0 -0.78) » 6.3
-3.10(-5.12 t0 -1.08) L ] 6.3
-7.60(-22.18t0 6.98) —— 2.9
-5.90 (-8.18 to -3.62) » 6.3
-25.50 (-37.86 to -13.14) —— 3.4
-15.50 (-64.87 to 33.87) = 0.4
8.00 (-22.18 t0 38.18) —_—— 1.0
-23.20 (-57.96 to 11.56) = 0.8
-9.81 (-13.12to -6.50) <@ 100.0
—7‘5 »50 —2‘5 0 2‘5 Sb

Mean Difference (95% Cl)

D indicates diet group; D+E, diet and exercise group; L, low-intensity intervention group; LF, low-fat diet group; M, moderate-intensity intervention group; and

MF, moderate-fat diet group.

events. Gastrointestinal symptoms were the most commonly
reported adverse events in pharmacotherapy and surgical trials.
Seven BWLP trials that reported on related adverse events
found none.

eFigure 3.11in the Supplement presents a summary of the
risk-of-bias assessments. Three studies were judged to be at
low risk of bias across all domains,3®4>47 12 at high risk of bias
inatleast 1 domain, and the remainder had unclear risk of bias
in at least 1 domain. On examination of funnel plots for ALT
and AST (eFigure 3.2 in the Supplement), we observed no evi-
dence of publication bias.

We confined the analyses to include only the studies at low
risk of bias. The estimates and precision of measures of insu-
lin, ALP, steatosis, NAS, presence of definite NASH, inflam-
mation, fibrosis, and liver stiffness did not materially change.
Mean weight change, ALT, and GGT were somewhat larger. Al-
though the statistical significance of the estimates for HOMA-
IR, ballooning, glucose, hemoglobin A, ., and AST changed, the
direction of the association remained the same (eFigures 4.1-
4.15 in the Supplement).

In a subgroup analysis by type of program (BWLP or
pharmacotherapy), we observed no subgroup differences in
possible mediators of the association, namely weight and

jamainternalmedicine.com

markers of glucose regulation (eFigures 5.1-5.4 in the
Supplement). No evidence was found of subgroup differ-
ences in ALT or AST. Steatosis improved with the BWLPs,
but no evidence of improvement in steatosis was found
with pharmacotherapy alone, but strong evidence of a sub-
group difference (eFigures 5.5-5.7 in the Supplement) was
noted.

Comparisons of intervention against usual care showed
larger effects than the comparisons of higher- with lower-
intensity interventions, especially for steatosis in which
clear evidence of a subgroup difference was observed (eFig-
ures 6.1-6.7 in the Supplement). In a post hoc analysis, the
changes in weight, ALT, and AST were larger in studies that
included only participants who were overweight than in
studies that included participants irrespective of weight sta-
tus with strong evidence of subgroup differences. However,
no evidence of subgroup differences was found in glucose
regulation, insulin resistance, and steatosis (eFigures 7.1-7.7
in the Supplement). Evidence did not show that changes in
histologically assessed fibrosis differed between people
with all stages of NAFLD and those with NASH, and no evi-
dence was noted of worsening of fibrosis in people with
NASH (eFigure 8.1 in the Supplement).
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Figure 3. Association Between Weight Loss Intervention (WLI) and Liver Steatosis

More Intensive WLI Less Intensive WLI

Standardized

Mean Difference in More @ Less Weight,

Source Mean (SD) Total Mean (SD) Total Steatosis (95% Cl) Intensive WLI : Intensive WLI %
Promrat et al,4> 2010 -1.1(0.4) 18 -0.3(0.4) 10 -1.94 (-2.89t0-0.99) —— 8.1
Abenavoli et al,36 2017 -1.0(0.2) 20 0.1(0.2) 10 -5.35(-6.99t0-3.71) —a— 6.6
Wong et al,47 2013 -6.8(3.1) 77 -2.1(2.5) 77 -1.66 (-2.03t0-1.29) R 3 9.0
Armstrong et al,38 2016 -0.7(0.8) 23 -0.4(0.8) 22 -0.37(-0.96t0 0.22) —- 8.8
Asghari et al,2% 2018 -0.1(0.2) 24 0(0.1) 26 -0.63 (-1.20to -0.06) - 8.8
Zelber-Sagi et al,*8 2006 0.1(0.3) 11 -0.6 (0.4) 12 1.90(0.88 t0 2.91) —a— 8.0
Harrison et al,41 2009 0(0.2) 23 0(0.2) 18 0.00 (-0.62 t0 0.62) —— 8.7
Cheng et al,31 2017 (D+E) -7.6 (3.6) 29 2.8(2.7) 15 -3.07 (-3.99t0 -2.15) —a— 8.2
Dong et al,32 2016 -1.1(0.4) 130 0(0.4) 130 -2.74 (-3.08 to -2.40) - 9.1
Cheng et al,312017 (D) -5.4(3.3) 28 2.8(2.7) 14 -2.58(-3.45t0-1.72) —a— 8.3
Lee et al, 442012 -1.0(0.3) 8 -1.0(0.3) 10 0.00 (-0.93 t0 0.93) —— 8.2
Ye et al,28 2017 -7.8(3.1) 14 -1.9(2.4) 16 -2.09(-3.00to -1.18) . 8.2
Total (95% Cl) 405 360 -1.48 (-2.27 t0-0.70) R 100.0
Heterogeneity 12=1.74; x4 =190.62; P<.001; 12=94%
Test for overall effect: z=3.70; P<.001 ; : : : : !

-8 -6 -4 -2 0 2 4

Mean Difference (95% Cl)

Standardized mean difference was assessed by histologic examination, magnetic resonance imaging, or ultrasonography. D indicates diet group; D+E, diet and

exercise group.

Figure 4. Association Between Weight Loss Intervention (WLI) and NAS (Nonalcoholic Fatty Liver Disease Activity Score)

More Intensive WLI Less Intensive WLI

Mean Difference More | Less Weight,
Source Mean (SD) Total Mean (SD) Total in NAS (95% Cl) Intensive WLI : Intensive WLI %
Promrat et al,4> 2010 -2.4(0.7) 18 -1.4(0.9) 10 -1.00 (-1.64 to -0.36) - 16.4
Armstrong et al,38 2016 -1.3(1.6) 23 -0.8(1.2) 22 -0.50 (-1.32t0 0.32) —a—— 15.4
Harrison et al,#1 2009 0(0.4) 23 0(0.4) 18 0.00 (-0.25 t0 0.25) - 17.9
Lee et al,44 2012 -3.0(0.3) 8 -0.1(0.4) 10 -2.00(-2.32t0-1.68) —— 17.7
Eckard et al,%0 2013 (MF) -1.2(0.8) 9 -0.3(0.6) 5 -0.90(-1.64 to -0.16) —a— 15.9
Eckard et al,40 2013 (LF) -1.4(0.5) 12 -0.3(0.6) 6 -1.10(-1.66 to -0.54) —— 16.8
Total (95% Cl) 93 71 -0.92 (-1.75 to -0.09) _ 100.0
Heterogeneity 12=0.98; x2=95.27; P<.001; 12=95%
Test for overall effect: z=2.18; P=.03

4 3 2 a1 0 1 2

Mean Difference (95% Cl)

The NAS range is 0-8, with the highest score indicating more severe disease. LF indicates low-fat diet group; MF, moderate-fat diet group.

|
Discussion

In people with NAFLD, interventions aimed at weight loss
were associated with statistically and clinically significant
improvements in blood biomarkers of liver disease, such as
ALT and AST, as well as radiologic and histologic markers,
such as liver stiffness, steatosis, and the NAS. However, no
evidence was found that these interventions were associ-
ated with changes in histologic liver fibrosis after 6 months.
Twelve studies were judged at high risk of bias and 7 studies
at unclear risk of bias in at least 1 domain, but sensitivity
analyses showed estimates were largely unaffected by
excluding these studies.

Strengths and Limitations
We followed the Cochrane methods to minimize bias. We in-
cluded only RCTs to eliminate selection bias and minimize con-

JAMA Internal Medicine September 2019 Volume 179, Number 9

founding. We sought to minimize outcome reporting bias by
imputing incompletely reported negative findings. No per-
fect measure of liver disease exists, as even liver biopsy, the
benchmark, has limitations®; thus, we sought evidence of the
association of weight loss with a range of outcomes. All but 1
study measured ALT, with fewer studies reporting other bio-
markers and only a minority reporting histologic outcomes,
limiting conclusions on these outcomes. The steatosis results
may have been affected by the different methods of assessing
this outcome, but there is no basis for assuming the different
methods would bias the findings by trial arm. Most studies were
of short- to medium-term duration (median, 6 months), so the
long-term association of these interventions with the liver is
unclear. This present review included a trial of sibutramine,
which is no longer licensed, but removing this trial from the
analysis did not materially affect the results. Only 1 trial of bar-
iatric surgery was available, which meant that the evidence on
this treatment modality is limited.
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The results are limited by the high statistical heteroge-
neity. As we hypothesized weight loss to be the main driver of
change in liver markers, we combined BWLP, pharmaco-
therapy, and surgical procedure and compared them with either
no or minimal intervention or a lower-intensity weight loss in-
tervention. Furthermore, the pooled BWLPs varied in inten-
sity and delivery format, which may explain the marked dif-
ferences in weight loss achieved within and between these
groups as well as the high statistical heterogeneity of the pooled
effect size estimates for biomarkers of liver disease. We de-
cided a priori to exclude exercise and diet interventions that
did not restrict energy intake, because these interventions were
testing a different mechanism of action. The association be-
tween changing dietary composition with or without addi-
tional physical activity haslittle implication for weight loss.>*>*
Physical activity may influence biomarkers of liver disease ir-
respective of weight loss,> but isoenergetic changes in di-
etary composition have not been shown differential effects on
liver markers.>®

This systematic review synthesized RCTs of weight loss in-
terventions of variable type, content, and duration and quan-
tified their association with liver biomarkers. It included 22
trials and 26 comparisons with 2588 participants from 12 coun-
tries, including both high- and middle-income countries. The
review updated the 2011 Cochrane systematic review by add-
ing 15 more trials and including a meta-analysis, yielding much
stronger evidence of advantage. In contrast with the Coch-
rane systematic review, we included as a comparison not only
no or minimal interventions but also lower-intensity inter-
ventions, which allowed a more comprehensive assessment
of the research question. In the United Kingdom, the Na-
tional Institute for Health and Care Excellence review on the
assessment and management of NAFLD did not identify any
studies of dietary interventions for weight loss in NAFLD but
did identify 4 interventions of combined diet, exercise, and be-
havioral support.!?

Implications for Clinicians and Policymakers

The 2018 Practice Guidance of the American Association for
the Study of Liver Diseases advises that weight loss generally
reduces steatosis. However, in common with European guide-
lines, the Practice Guidance offers no specific recommenda-
tion torefer to or provide formal weight loss programs for treat-
ing NAFLD.!9!3 The current practice among hepatologists is
to advise weight loss for patients with NAFLD or NASH,> of-
ten setting targets for 5% or 10% weight loss, but referral to
treatment programs is uncommon.'® Patients offered access
to typical weight loss programs in routine care can expect to
lose more than 4 kilograms in 1 year,>® whereas advice to lose
weight from a clinician is typically followed by only about 1
kg weight loss.>%-¢° Thus, the mean weight loss difference ob-
served in this review approximates that which we might ex-
pect if patients were offered treatment in 1 of the weight loss
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programs typically available in routine clinical care. Accord-
ingly, we would expect to see similar improvements in liver bio-
markers and histologic results. The advantages seem to be
greater in people who are overweight and with NAFLD, but our
exploratory results suggest that weight loss interventions might
still be beneficial in the minority of people with healthy weight
and NAFLD. Clinicians may use these findings to counsel
people with NAFLD on the expected clinically significant im-
provements in liver biomarkers after weight loss and direct the
patients toward valuable interventions.

Most trials included people at various stages of NAFLD, and
only 6 studies specifically included people with a NASH diag-
nosis. The Food and Drug Administration considers licensing
pharmacotherapy for NASH if trials show the resolution of
NASH without worsening fibrosis, and these weight loss in-
terventions seem to have met this criterion.®! Because BWLPs
have cardiometabolic advantages, which make them cost-
effective, referral to these programs is likely to be particu-
larly valuable for this population at high risk for cardiovascu-
lar disease.>8-62

Unanswered Questions and Future Research

Most RCTs followed up participants for 1 year or less, and only
1trial reported longer-term follow-up, which showed a mean
weight difference between groups of -2.30 kg (95% CI, -3.71
to -0.89) 5 years after the end of the intervention, but no evi-
dence was found of between-group differences in liver bio-
markers, which were imprecisely estimated.>® We did not in-
clude non-RCTs, but an uncontrolled study of a BWLP in NASH
with paired biopsies at 1 year found a strong and independent
association between weight loss and improvements in liver his-
tologic examination, highlighting the need for future RCTs of
programs that can help patients maintain substantial weight
loss. Weight regain is common after program completion,>®%3
and future trials should include long-term follow-up to exam-
ine the association between weight regain and biomarkers of
liver disease or long-term cardiovascular outcomes. We in-
cluded only trials in adults, but we recognize that with the in-
creasing prevalence of obesity at younger ages, NAFLD is an
emerging condition in childhood and warrants future
consideration.®*%> Future trials might also incorporate sub-
group analysis by BMI status, examining the advantages in
people with NAFD and healthy weight.

. |
Conclusions

Weight loss interventions appeared to be associated with sta-
tistically and clinically significant improvements in biomark-
ers of liver disease in people with NAFLD in the short term. The
accumulated evidence supports changing the clinical guide-
lines and routine practice to recommend formal weight loss
programs to treat people with NAFLD.
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