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Abstract

Purpose of Review—Nonalcoholic fatty liver disease (NAFLD), the most prevalent cause of
chronic liver disease worldwide, is strongly associated with obesity and insulin resistance.

Recent Findings—Significant weight loss can improve NAFLD and nonalcoholic
steatohepatitis (NASH). Diet and exercise that result in a sustained body weight reduction of 7-
10% can improve liver fat content, NASH, and fibrosis. Vitamin E can be considered in patients
with biopsy-proven NASH without diabetes, though caution must be used in those with prostate
cancer. Pioglitazone improves liver histology, including fibrosis, and can be considered in patients
with or without diabetes. Glucagon-like peptide-1 (GLP-1) antagonists may be beneficial in
NASH, but more studies are needed before they can be recommended. Bariatric surgery, with
resultant weight loss, can result in improvement in liver fat and inflammation.

Summary—NAFLD treatment includes diet and exercise with a target 7-10% weight reduction.
Treatment goals include improvements in liver fat content, liver inflammation, and fibrosis.
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Introduction

Nonalcoholic fatty liver disease, a chronic liver disease characterized by excess fat
deposition in the liver in the absence of secondary causes, is strongly associated with obesity
and the metabolic syndrome. Estimates of the prevalence of nonalcoholic fatty liver disease

Michelle T. Long, mtlong@bu.edu.

Conflict of Interest Katherine T. Brunner declares that she has no conflict of interest.

Cameron J. Henneberg declares that he has no conflict of interest.

Robert M. Wilechansky declares that he has no conflict of interest.

Human and Animal Rights and Informed Consent This article does not contain any studies with human or animal subjects
performed by any of the authors.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Brunner et al.

Page 2

(NAFLD) ranges from 25% in the general population [1] to well over 50% in persons with
diabetes [2]. NAFLD refers to a spectrum of liver disease and can range from liver fat
infiltration with minimal inflammation, known as simple steatosis, to nonalcoholic
steatohepatitis (NASH), which is marked by inflammatory cell infiltrate with hepatocyte
ballooning with or without fibrosis, to end stage liver disease or cirrhosis. Liver fibrosis
ranges in severity from stage 1, with mild fibrosis, to stage 4, which is characterized by
bridging fibrosis. Approximately 25-30% of individuals with NAFLD have NASH [3], and
individuals with NASH, particularly those with liver fibrosis, can progress to cirrhosis and
hepatocellular carcinoma [4, 5]. However, beyond liver-related morbidity and mortality,
individuals with NASH have worse atherogenic dyslipidemia and insulin resistance, which
results in an increased risk of cardiovascular disease and cardiovascular-related mortality

[6].

Therapies for NAFLD and NASH are needed to combat these important and highly prevalent
conditions. Fortunately, NAFLD and NASH are reversible, as is liver fibrosis, especially
before cirrhosis is well-established. The cornerstone of therapy is weight loss, as a reduction
in body mass index (BMI) of 5% is associated with a 25% relative reduction in liver fat as
measured by magnetic resonance imaging (MRI) [7]. In this review, we will summarize
biomarkers used to diagnose and monitor individuals with NAFLD. We will also discuss
various treatment strategies, including dietary interventions, exercise, and pharmacologic
options, as well as the effectiveness of bariatric surgery.

Determining NAFLD and NASH

There are several mechanisms for identifying individuals with NAFLD and NASH (Table 1).
Liver biopsy is the gold standard for diagnosis; however, it is invasive and costly, so it is not
optimal and it is not practical to use on a large scale. Assessing change or improvement in
NAFLD and NASH requires that parameters be assessed serially. Various proxies can be
used to identify NAFLD, as outlined in Table 1, including traditional imaging techniques—
ultrasound, computed tomography (CT), or MRI—or more specialized imaging tests
including ultrasound-based transient elastography (FibroScan) or magnetic resonance
spectroscopy (MRS), magnetic resonance protein density fat fraction, or magnetic resonance
elastography (MRE). Blood-based biomarkers, such as elevated aspartate or alanine
aminotransferase levels (AST or ALT), and/or gamma-glutamyltransferase (GGT), or
diagnostic models, such as the NAFLD Fibrosis Score, which incorporates multiple blood-
based and clinical parameters, are also useful, though have lower sensitivity and specificity
compared with imaging-based tools. NASH by definition requires the presence of
inflammation on liver histology and currently cannot be reliably diagnosed without the use
of liver biopsy to identify inflammation. Pathologically, NAFLD is frequently staged by the
NAFLD activity score (NAS), which grades steatosis (0-3), lobular inflammation (0-3), and
liver cell injury (0-2); a NAS greater > 5 is consistent with NASH. A practical algorithm for
identifying patients in the clinic with NASH and at risk for fibrosis is proposed in Fig. 1.
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Dietary Interventions

Dietary modifications are a key part of the initial approach to any patient with NAFLD or
NASH. A 52-week lifestyle intervention consisting of a 750 kcal/day calorie deficit diet was
tested in 261 individuals with NASH and paired liver biopsies to measure the impact of a
hypocaloric diet on histologic features of NASH [12]. In this study, subjects with = 5%
weight loss had a greater reduction in NAS compared with those with < 5% weight loss.
Subjects with = 10% weight loss all had reductions in NAS, while 90% had resolution of
NASH and 45% showed regression of fibrosis; of note, only 10% of participants achieved
this degree of weight loss [12]. A systematic review of 23 studies involving lifestyle
interventions for NAFLD demonstrated similar results. Across studies, participants who
achieved an average weight reduction of 4-10% consistently demonstrated improvements in
measures of liver fat or serum transaminase levels [13].

A number of studies have investigated the effect of unsaturated fatty acids on the progression
of NAFLD. Polyunsaturated fatty acids (PUFA) have been postulated to mitigate NAFLD
and NASH via several mechanisms: activation of hepatic peroxisome proliferator-activated
receptor alpha, promoting fatty acid oxidation [14]; downregulation of sterol regulatory
element binding protein-1, reducing lipogenesis [15]; and decreasing production of
inflammatory mediators including, IL-6 and tumor necrosis factor [16, 17]. A meta-analysis
investigating the effects of omega-3 PUFA on NAFLD suggested that omega-3 PUFA
supplementation may decrease liver fat based on imaging and histologic parameters [18].
Several randomized controlled trials, however, demonstrated conflicting results. A 2018
meta-analysis of 18 studies by Yan et al., involving 1424 patients, found that omega-3 PUFA
supplementation improved liver fat content on imaging as well as liver biochemical tests,
glucose, and insulin resistance [19]. In a year-long randomized, placebo-controlled trial of
omega-3 PUFA for NAFLD in which 34 subjects completed the study, there was no
significant difference between groups with regard to the primary endpoint of NAS reduction
[20], though the omega-3 PUFA group showed a significant decrease in liver fat on MRI
[20]. Similarly, a multicenter, randomized, placebo-controlled trial of ethyleicosapentanoic
acid for NASH failed to demonstrate any histologic improvement after 12 months of
treatment [21]. These findings were confirmed in another similar study [22]. Overall, despite
some evidence of liver fat improvement on imaging, without histologic improvement, these
trials demonstrate a lack of sufficient evidence to recommend PUFA supplementation in
patients with NAFLD.

Carbohydrate intake may be associated with NAFLD progression. A cross-sectional analysis
in the Framingham Heart Study demonstrated a positive association between sugar-
sweetened beverage consumption and liver fat as measured by CT after adjusting for
multiple covariates [23]. Additionally, high fructose consumption has been associated with
increased histologic markers of hepatic fibrosis [24]; however, in a systematic review and
meta-analysis of controlled feeding trials, isocaloric exchange of fructose for other
carbohydrates did not induce NAFLD [25]. Several studies have investigated the effect of
low-carbohydrate diets on NAFLD, with inconclusive results. A randomized controlled trial
of 170 individuals with obesity compared the effect of a hypocaloric low-carbohydrate diet
versus a low-fat diet on weight loss and intrahepatic triglyceride (IHTG) content by MRS.
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After 6 months, there was no difference in weight loss or IHTG content between groups
[26]. In a trial that randomized 56 subjects with biopsy-proven NAFLD to low-fat diet plus
exercise, low-carbohydrate diet plus exercise, and exercise alone, NAS decreased in all
groups without significant differences between diets [27]. Overall, based on these studies, it
is uncertain whether improvement in liver fat is related to weight loss or reduction in specific
macronutrients; further head-to-head comparison trials are needed.

High-protein diets are associated with improved weight maintenance [28] and may be
beneficial in NAFLD. A prospective study examined changes in liver fat and inflammation
in 37 subjects assigned to isocaloric plant-based or animal-based high-protein diets. Within
6 weeks, both diet groups demonstrated a 36-48% reduction in liver fat as measured by
MRS [29]. Of note, these reductions were independent of changes in body weight and both
groups showed decreased markers of systemic inflammation and insulin resistance [29].
Another prospective observational study examined the effect of a hypocaloric high-fiber,
high-protein diet on hepatic fat content as measured by transient elastography in 60 patients
with hepatic steatosis [30]. Results demonstrated a significant reduction liver fat content, as
measured by the controlled attenuation parameter. Of note, liver stiffness, a surrogate marker
of liver fibrosis, GGT, and serum lipids also significantly decreased [30]. Additional studies
are needed to evaluate the long-term effects of high-protein diets on NAFLD.

Over the past several years, emerging evidence suggests the Mediterranean diet, which is
rich in monounsaturated fatty acids and PUFA as well as aromatic compounds such as
polyphenols [16], may be beneficial in NAFLD. Clinical practice guidelines for the
management of NAFLD, supported by European liver and diabetes societies, named the
Mediterranean diet as the diet of choice in individuals with NAFLD [31]. In a Spanish cross-
sectional study of 82 subjects with biopsy-proven NAFLD, higher adherence to the
Mediterranean diet was associated with a lower likelihood of NASH [32]; a similar study in
Greece showed a 36% lower likelihood of NASH in patients who were adherent to the
Mediterranean diet [33]. Longitudinal studies have shown comparable results. A randomized
controlled crossover trial comparing the Mediterranean diet with a low-fat diet in 12 subjects
with biopsy-proven NAFLD showed improved insulin sensitivity and reduced hepatic
steatosis on MRS after 6 weeks in the Mediterranean diet group [34]. In another randomized
study of 98 subjects, individuals randomized to the Mediterranean diet for 6 months had
reduced hepatic steatosis on ultrasound compared with control [35¢]. Though these results
are encouraging, additional long-term randomized trials with larger sample sizes are needed
to confirm the beneficial effects of the Mediterranean diet on NAFLD. Further studies
demonstrating histologic improvement in NAFLD would also strengthen the argument the
Mediterranean diet as a treatment for NAFLD.

Taken together, the available evidence suggests that weight loss of at least 5% can improve
NAFLD, with a weight loss of 7-10% having some impact on NASH and fibrosis. Specific
diets such as carbohydrate restriction and the Mediterranean diet may be efficient methods
of reducing caloric intake and have shown promising results in observational studies and
small randomized trials. Larger studies demonstrating benefits of these specific diets on
NAFLD and liver-related outcomes are needed.
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Physical Activity and Exercise Interventions

Physical activity and exercise are also important in the treatment of NAFLD. Exercise
decreases hepatic free fatty acid uptake and decreases IHTG [36]. Aerobic exercise activates
lipolysis via upregulating uncoupling protein 1 and peroxisome proliferator-activated
receptor-gamma pathways to improve liver fat [37]. Also, exercise may alter adipokine
levels. Specifically, resistance training will result in an increase in type Il muscle fibers
which alters myokine levels and activates glucose transporter 4, which may improve insulin
sensitivity. Additional mechanisms have also been proposed [37].

Different types of exercise (aerobic vs resistance vs interval training) and doses of exercise
(frequency, duration, intensity) may have varying impacts on improving liver fat and
fibrosis, so investigations have made an effort to determine what constitutes sufficient and
optimal exercise in order to reduce liver fat content, reverse NASH, or improve fibrosis.
Current American Association for the Study of Liver Diseases guidelines note that exercise
on its own could improve hepatic steatosis but the effects on NASH are less clear [38]. The
impact of exercise on NAFLD is difficult to study as most studies have both dietary and
exercise components. A recent meta-analysis showed that, even in the absence of weight
loss, exercise leads to a 20-30% relative risk reduction in IHTG, though the absolute risk
reduction was relatively small [39].

The majority of studies on the type of exercise effective at reducing liver fat have involved
aerobic exercise rather than resistance or interval training. In one investigation, 82 patients
with ultrasound-defined NAFLD were randomized for 3 months of resistance training or
stretching exercises. Those in the resistance training group experienced a significantly
greater improvement in ultrasound-defined liver fat [40]. A systematic review which
included 13 aerobic and 4 resistance protocols for NAFLD showed both types of exercise
required similar durations (median 45 min, 3 times per week, for 12 weeks) but the
resistance protocols required less energy consumption and less maximal oxygen
consumption to achieve liver fat improvement (as measured by imaging or liver biopsy) [41].
Both aerobic exercise and resistance exercise improved liver fat, though resistance training
alone was generally less effective than aerobic exercise in some studies [42].

An alternative type of exercise is known as high-intensity interval training (HIIT), in which
bursts of high-intensity exercise are followed by brief recovery periods. In a study from the
UK, 23 subjects were randomized to either HIITor control for 12 weeks. Those in the HIT
group had a significant decrement in liver fat, as measured by MRS, as well as improvement
in AST [43]. However, a meta-analysis which included 12 randomized controlled studies
showed that HIIT may be less beneficial compared with a moderate-to-high volume of
continuous moderate exercise.

Little is known regarding the optimal frequency, duration, or intensity of physical activity to
improve NAFLD. Participants in the Framingham Heart Study who participated in = 150
min/week of moderate-to-vigorous physical activity had less CT-defined hepatic steatosis,
after accounting for body mass index [44]. Another study noted a possible dose response
with the most improvement in liver fat and markers of inflammation with > 250 min per
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week of moderate-tovigorous physical activity [45], though this has not been shown in all
studies [46]. Also, it is not clear if more vigorous activity yields additional benefits over
moderate activity for improving hepatic steatosis. There was no difference in hepatic fat
reduction in a randomized study of 48 subjects with NAFLD treated with aerobic exercise
programs including low-to-moderate intensity low- or high-volume activity, vigorous
intensity low-volume activity, or placebo [46]. A randomized controlled study based in
China showed that a group randomized to vigorous exercise did not have significantly
greater reductions in MRS-based IHTG, compared with those who were randomized to
moderate exercise over a 12-month period [47]. Whereas many studies have a relatively
short defined intervention period, which may be less realistic in a real-world setting, a large
Korean-based observational study showed that even modest amounts of exercise, such as 1-2
times weekly for at least 10 min, were associated with improvement of ultrasound-defined
NAFLD and a reduced incidence of NAFLD over a 5-year period [48¢].

In summary, even modest amounts of moderate exercise, of different types, whether aerobic
or resistance training, can improve liver fat and should be part of the therapy for NAFLD.
More studies are needed to determine the optimal dose of exercise to improve NAFLD.
Additionally, more studies are needed to determine if exercise is effective for treatment of
NASH and fibrosis as the vast majority of studies have not investigated the effect of exercise
on more advanced NAFLD phenotypes.

Pharmacologic Therapy

Currently, pharmacologic based-therapies for NAFLD are limited, though this is an area of
active investigation with many ongoing clinical trials. Weight loss can improve NAFLD,
NASH, and fibrosis, but medications that improve weight loss such as phentermine and
topiramate have not been studied with regard to their effect on NAFLD specifically. Vitamin
E, an anti-inflammatory medication, has been shown to improve histologic features of
NASH compared with placebo in a randomized study of individuals with NAFLD and
without diabetes [49+¢]; these findings were confirmed in a recent meta-analysis which also
showed improvements in histologic features of NASH, but not fibrosis [50]. Vitamin E is
recommended for patients with biopsy-proven NASH without diabetes or decompensated
cirrhosis [51]. However, given the concerns of high-dose Vitamin E increasing all-cause
mortality [52] and the risk of prostate cancer [53], Vitamin E is only used after an informed
discussion with patients and its use for NASH is limited in the setting of a personal or family
history of prostate cancer. Pioglitazone, when used in patients without diabetes in a
randomized controlled trial, did not improve NASH but improved AST and ALT elevations,
as well as steatosis and lobular inflammation [49ee].

Some studies have investigated the effect of antidiabetic drugs on NAFLD among
individuals with concomitant diabetes. Pioglitazone, used for 18 months in individuals with
diabetes in conjunction with a hypocaloric diet, has been shown to reduce NAS and mean
fibrosis score significantly more than placebo [54]. Pioglitazone should be considered as
treatment in patients with biopsy-proven NASH, regardless of diabetes status [51]. However,
pioglitazone can cause weight gain [55] and increased heart failure events [56], so should be
used with caution. GLP-1 agonists (i.e., liraglutide) have been of particular interest recently,
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though data are limited. A randomized controlled trial including individuals with diabetes
and ultrasound-defined NAFLD showed that those treated with liraglutide for 24 weeks had
the largest reduction in intrahepatic fat on ultrasound, compared with those treated with
metformin or a sulfonylurea [57¢]. Additional studies using histologic endpoints are needed
before GLP-1 agonists can be recommended for treatment of NAFLD.

Finally, statins have also been proposed as a therapy that may improve NAFLD, given that
the use of statins is associated with a lower risk of progression of fibrosis in patients with
other etiologies of liver disease [58]. While statins may be indicated for many patients with
NAFLD due to the comorbidities of metabolic syndrome—including hypercholesterolemia
—clinicians may be concerned to prescribe them due to concern for hepatotoxicity. A 2015
prospective cohort study followed 20 patients with biopsy-proven NASH who were given
rosuvastatin and lifestyle advice [59]. Despite no change in BMI, the authors found
resolution of NASH upon repeat liver biopsy in 19 of the patients, indicating a potential
beneficial effect of statin therapy. However, a 2017 post hoc analysis of a trial involving 101
patients with biopsy-proven NASH found no histologic improvement for the patients who
were started on a statin (84% were on simvastatin, 11% on rosuvastatin) during the 36
months of the study [60]. Overall, studies of statins in NAFLD have been small and over
relatively short time periods. However, despite these mixed results, no studies have
demonstrated that statins are harmful in patients with NAFLD or NASH so statins remain an
important therapy in patients with hyperlipidemia and cardiovascular disease.

Surgical Intervention

Whereas weight loss through lifestyle interventions remains the mainstay of NAFLD therapy
[61], the effects of weight loss surgery, including sleeve gastrectomy (SG), Roux-en-Y
gastric bypass (RYGB), and adjustable gastric banding (AGB), on NAFLD have been
described in a number of studies. In a large 2014 study, Caiazzo et al. followed 1236 patients
who had undergone RYGB or AGB [62]. Those who underwent RYGB had a 26% weight
loss compared with the AGB group with a 21% weight loss. Though NAFLD improved with
both surgeries, there was greater improvement in the patients who underwent RYGB, despite
greater baseline BMI and more severe NAFLD, compared with the AGB group at 1 and 5
years. A prospective observational study of 52 participants considered improvements in liver
enzymes, serum high density lipoprotein (HDL) levels, and ultrasound findings of liver fat
before and 1 year after laparoscopic SG [63]. One year after laparoscopic SG, 90% of
individuals with baseline NAFLD achieved NAFLD resolution on follow-up ultrasound and
the follow-up reduction in liver fat correlated with improvement in HDL cholesterol. A 2017
randomized controlled trial by Kalinowski et al. compared SG with RYGB, with the original
aim of considering effects on glycemic control [64]. A secondary analysis of the same data
used intraoperative liver biopsies to identify those patients with histological NAFLD and
NASH at baseline [65]. Seventy-two patients were included, with 36 randomized to each
procedure. Those that underwent SG but not RYGB showed significant improvements in
AST, ALT, and GGT at 12 months, which may indicate a greater benefit on liver fat and/or
inflammation for SG, though follow-up histology was not obtained. Additional studies are
needed to determine the optimal surgical strategies to improve NAFLD phenotypes and to
investigate the cost-effectiveness.
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Conclusion

Future directions in the investigation of therapies for NAFLD must include larger, well-
designed studies that carefully consider co-variables such as change in BMI and weight loss.
Additionally, strategies must be translated to real-world settings beyond the contained
setting of clinical trials. Without noninvasive tools to diagnose and monitor NASH, progress
is limited. Fortunately, noninvasive techniques to diagnosis and monitor liver fibrosis are
available, though more studies are needed to define their use and determine if improvements
in ultrasound-based or MRI-based fibrosis assessments correlate with clinical outcomes.
Pharmacologic therapies that improve NAFLD throughout the spectrum of disease are
needed.

Grant Support

Dr. Long is supported in part by the National Institute of Diabetes and Digestive and Kidney Diseases K23
DK113252, the Boston University School of Medicine Department of Medicine Career Investment Award, and the
Boston University Clinical Translational Science Institute UL1 TR001430.

Michelle T. Long has received research funding from Echosens Corporation.

Abbreviations

NAFLD Nonalcoholic fatty liver disease
NASH Nonalcoholic steatohepatitis
GLP-1 Glucagon-like peptide-1
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No Diabetes Diabetes/pre-diabetes

AST and ALT normal AST or ALT abnormal

No further action Evaluate for liver disease:
-Abdominal ultrasound
-Viral hepatitis (B and C)
-Iron studies
-Autoimmune (ANA, ASMA)
-Consider hepatology referral

AST and ALT normal

Risk factors for NAFLD/NASH: No risk factors:

-Age 250 years Routine care
-Hispanic race and counseling;
-Diabetes for > 10 years re-assessment
-Ultrasound with steatosis yearly
-AST:ALT >1

Risk stratify for fibrosis:
Fibroscan or MRE or blood based
fibrosis markers (NAFLD fibrosis score,
APRI, FIB-4, etc.)

Hepatology referral:
Consideration for

additional testing, liver
biopsy, clinical trials or
treatment

Indeterminate or high risk
for advanced fibrosis

Fig. 1.

Low risk for advanced fibrosis

Weight and diet counseling;
re-assessment vearl

Treatment algorithm for nonalcoholic fatty liver disease. This treatment algorithm shows a
practical approach to be used clinically to identify patients at highest risk for nonalcoholic
fatty liver disease, nonalcoholic steatohepatitis, and fibrosis. AST, aspartate
aminotransferase; ALT, alanine aminotransferase; ANA, anti-nuclear antibody, ASMA, anti-
smooth muscle antibody; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic
steatohepatitis; MRE, magnetic resonance elastography; APRI, AST to platelet ratio index;

FIB-4, fibrosis-4 index for liver fibrosis
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