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Abstract
There is no single pharmacologic therapy that has 
been approved to treat nonalcoholic fatty liver disease 
in the general population. The backbone of therapy 
currently includes intensive lifestyle modification with 

established targets for diet and weight loss. The use 
of unsweetened, unfiltered coffee along with limiting 
high fructose corn syrup have emerged as beneficial 
dietary recommendations. The use of empiric oral 
hypoglycemic agents and vitamin E, however, has not 
been widely accepted. Developing bariatric surgical 
techniques are promising, but additional studies with 
long-term follow up are needed before it can be widely 
recommended. Finally, liver transplantation is an increas
ingly frequent consideration once complications of end-
stage disease have developed. The future treatment 
of those with nonalcoholic fatty liver disease will likely 
involve a personalized approach. The importance of the 
gut microbiome in mediating hepatocyte inflammation 
and intestinal permeability is emerging and may offer 
avenues for novel treatment. The study of anti-fibrotic 
agents such as pentoxifylline and FXR agonists hold 
promise and new pathways, such as hepatocyte canna
binoid receptor antagonists are being studied. With 
the incidence of obesity and the metabolic syndrome 
increasing throughout the developed world, the future 
will continue to focus on finding novel agents and new 
applications of existing therapies to help prevent and 
to mediate the progression of nonalcoholic fatty liver 
disease. 
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Core tip: Lifestyle modification with diet and exercise 
remain the mainstay of therapy for nonalcoholic 
fatty liver disease. Loss of at least 7%-10% of body 
weight with limiting high fructose corn syrup and high-
saturated/high glycemic index foods should be combined 
with regular, vigorous physical activity. The future of 
treatment will continue to evolve and likely include the 
role of anti fibrotic agents, surgical management and 
transplantation when indicated. 
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a form of 
chronic hepatitis that affects a wide range of individuals. 
It is estimated that up to 95 million adults in the United 
States have been affected and that the prevalence will 
continue to increase[1]. The most common documented 
comorbidities that have been associated with NAFLD 
include obesity, impaired insulin sensitivity and dyslipi
demia. There is growing evidence that there is also a
connection to a number of other disorders including 
obstructive sleep apnea, hypothyroidism, hypopituita
rism, hypogonadism and polycystic ovarian syndrome[2]. 

NAFLD exists as a spectrum and is best characterized 
histologically. Important features include steatosis, 
inflammation, hepatocellular ballooning and fibrosis. 
NAFLD can be classified as non-alcoholic fatty liver (NAFL) 
and non-alcoholic steatohepatitis (NASH). In NAFL 
hepatocellular injury is absent, whereas NASH involves 
the presence of inflammation with hepatocyte damage, 
with or without fibrosis[2]. Once present, these specific 
changes mediate the risk of future disease progression.

The importance of treatment for NAFLD comes 
from the knowledge of its complications. It is well esta
blished that patients with NASH can progress to develop 
cirrhosis and its complications[2] including hepatocellu
lar carcinoma (HCC)[2]. However, the most common 
cause of death in patients with NAFLD is cardiovascular 
disease. Today, the medical community continues 
to look for evidence-based therapy to improve liver 
histology and reduce associated risks. These include 
lifestyle management with a goal of sustained weight 
loss, treating associated features of the metabolic 
syndrome to reduce cardiovascular risk, as well as liver 
specific pharmacologic therapy and in some cases trans
plantation. As we look beyond 2015, we are hopeful that 
studies currently evaluating the role of the microbiome, 
novel insulin sensitizers and anti-fibrotic agents will 
provide effective therapies for this condition. We aim to 
discuss the current management of NAFLD and future 
directions of treatment.

LIFESTYLE MODIFICATION: EXERCISE
Based on the 2012 published practice guidelines, 
lifestyle intervention has shown to improve hepatic 
aminotransferases along with steatosis[2]. It broadly 
encompasses both dietary changes and regular exercise. 
One of the objective end points for many studies has 
included the NAFLD activity score (NAS), which was 
validated by the NASH Clinical Research Network[3]. 
The components are based on histologic examination 

and include hepatic steatosis, lobular inflammation 
and hepatocyte ballooning. A randomized study by 
Promrat et al[3] showed that there was a significant 
improvement in the NAS score in those treated with 
lifestyle modification. It required subjects to achieve 
7%-10% reduction in body weight by limiting caloric 
intake and completing moderate intensity activities for 
200 min/wk. They also included regular support with 
behavior modification and dieticians for meal planning. 
Unfortunately, this study failed to identify a significant 
difference in fibrosis on biopsy[3]. Although specific 
targets exist for weight loss, sustained results over the 
long-term are the backbone for continued success. Even 
alone, there has been improvement seen with exercise 
without dietary modification[2]. 

We now know that the intensity of physical activity 
can effect the histologic improvements demonstrated 
in patients. Those with vigorous activity had decreased 
odds of NASH and lower glucose and insulin values[4]. 
It can be quantified as 75 min/wk with activities that 
include running on a treadmill or using a step machine. 
Doubling the time was shown to provide additional 
benefits of reduced NASH activity[4]. 

LIFESTYLE MODIFICATION: DIET
Dietary composition has been scrutinized as a possible 
modifiable factor in altering the course of NAFLD 
development and progression. As the North American 
diet continues to evolve, so does the need for finding 
easy meal options to keep up with a fast paced lifestyle. 
That often leads to consumption of high caloric, pro
cessed foods and carbonated beverages. Magnetic 
resonance spectroscopy (MRS) has been helpful to 
quantify the accumulation of fat in the liver. The cut off 
in NAFLD is based on intrahepatic triglyceride (IHTG) 
content and set at greater than 5.6%[5]. Fructose, trans-
fatty acids and saturated fat may contribute to increased 
IHTG, while poly and mono-unsaturated fats may play 
a protective role[5]. The result is an imbalance of free 
fatty output from the liver. Saturated fats have been 
especially shown to contribute toward the development 
of cardiovascular disease, type 2 diabetes mellitus and 
the metabolic syndrome[6]. Although they have also 
been shown to increase the IHTG, studies of high calorie 
diets may have other potential cofounders to explain 
the results[7]. Trans-fatty acids are unsaturated and 
produced due to hydrogenation. They have at least one 
double bond in the trans configuration and are found 
in many processed food items. Their role in humans 
and NAFLD has not been well described at this time[5]. 
Polyunsaturated fatty acids (PUFA) and monounsaturated 
fatty acids have been shown to regulate expression of 
proteins involved with fatty acid oxidation[8]. As a result, 
this may lead to an overall improvement in the IHTG 
content in the liver[5]. 

The monosaccharide fructose and its disaccharide 
form, sucrose are primary dietary sweeteners that are 
highly lipogenic sugars[9]. This has lead to examine 
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fructose and its role in NAFLD. Intake of sucrose and 
high fructose corn syrup has increased 1000% over 
the past 40 years and can account for up to 10% of 
caloric food intake[10]. Overall, fructose is a component of 
insulin resistance and a contributor to visceral adiposity 
and plasma triglycerides[9]. The downstream effect is 
fat deposition in the liver in excess amounts. Steatosis 
is the eventual result of the liver’s inability to keep up 
with synthesis, utilization and expenditure of fat[9]. A 
cross sectional analysis by Vos et al[9] showed that daily 
consumption of fructose was associated with significantly 
more fibrosis (OR = 2.6, p = 0.004) and significantly 
lower plasma high density lipoprotein (HDL) (p < 
0.001). More studies will be needed to further determine 
how fructose contributes to NAFLD development and 
progression to NASH and how this can be mediated[9]. 
Overall, a balanced diet consisting of lower glycemic 
index fruits and vegetables, low saturated fats along 
with whole grains has been shown to reduce liver fat on 
MRS[1]. 

The effect of coffee has been previously studied in 
other causes of liver disease, including HCC. A recent 
meta-analysis by Bravi et al[11] revealed a significant 
decrease in relative risk for HCC with increasing coffee 
consumption. Similarly in NAFLD, a study by Molloy 
et al[12] looked at caffeine and coffee intake. There 
appeared to be an inverse relationship between regular 
unsweetened, unfiltered caffeinated coffee consumption 
and hepatic fibrosis[12]. This effect could not be extra
polated to other types of caffeine. Unfortunately, there 
have been no prospective trials identifying a specific 
amount required for achieve maximal benefit. Although 
the exact ingredient responsible for these benefits is 
unknown, it has been postulated that it due to the 
reduced amount of cafestol and kahweol in unfiltered 
coffee. These are diterpene molecules that are thought 
to have anti-inflammatory properties, but also potentially 
increase serum cholesterol. By filtering coffee, it may 
prevent an elevation in low-density lipoprotein cholesterol 
and serve as a reasonable adjunct to therapy in NAFLD 
patients[13].

PHARMACOLOGIC THERAPY
Given the related pathophysiology of NAFLD and 
associated metabolic comorbidities, it has been hoped 
that the pharmacologic treatment of these conditions 
could lead to an improvement in liver histology. This 
has lead to numerous clinical trials, although none have 
demonstrated significant benefit to be approved as 
liver-specific therapy[3]. 

Poly unsaturated fatty acids have been shown to 
reduce insulin resistance, lipid production and systemic 
inflammation. The n-3 form of PUFAs represent the 
family of omega 3 fatty acids. The physiologic forms exist 
as eicosapentanoic acid (EPA) along with docosahexa
noic acid and are significantly decreased in NASH[14]. 
Therefore, supplementation with the synthetic ethyl-EPA 
(EPA-E) that is found in many fish oil preparations was 

studied by Sanyal et al[14]. Twelve months of therapy 
was compared to placebo by Sanyal et al[14]. During the 
trial, up to 25% of patients dropped out, mainly due to 
side effects including nausea, diarrhea and abdominal 
discomfort[14]. Using histologic improvement as a pri
mary endpoint, there was unfortunately no significant 
effect on steatosis or fibrosis stage when comparing 
placebo with lower (1800 mg/d) or higher (2700 mg/d) 
doses of of EPA-E[14].

The evaluation of insulin sensitizing agents in NAFLD 
has mainly focused on the role metformin and the 
family of thiazolidinedione. While pioglitazone has shown 
improvement in steatosis and inflammation in non 
diabetics, there are safety concerns including bladder 
cancer risk, weight gain, fractures and heart failure[2]. 
The PIVENS study was a multicenter, randomized, 
placebo-controlled trial published in 2010. In nondiabetic 
and non-cirrhotic adults with biopsy proven NASH there 
was a decrease in fibrosis after 96 wk (P = 0.04, NNT 
= 6.9), but it did not meet the pre-specified statistical 
endpoint[15]. The lack of significance might be attributed 
to the fact that 28% of the initial biopsy specimens 
lacked hepatocellular ballooning in the pioglitazone group 
compared to 17% in the placebo group[15]. As result, it 
would be harder to meet the targets set in the primary 
outcome, including improvement in hepatocellular 
ballooning and fibrosis score. 

Metformin is widely used as a first line agent to 
control blood sugar and its role in NAFLD has been 
studied. In a recent systematic review and meta-analysis 
there was an improvement in aminotransferases, but 
no significant histologic response was identified[16]. In 
contrast, a small randomized controlled trial published by 
Bugianesi et al[17] showed a decrease in liver fat, necro
inflammation and fibrosis in nondiabetic adults treated 
with metformin. Further to this, metformin’s effect on 
overall mortality was examined in a cohort study of DM 
patients who developed NASH related cirrhosis, with 
a 57% reduced risk of death and no evidence of lactic 
acidosis in those taking metformin[18]. Although current 
guidelines do not recommend metformin as a specific 
treatment for liver disease in patients with NASH, it may 
be a useful adjunct in management of associated DM[2].

Vitamin E is a well-known antioxidant that prevents 
the propagation of free radicals. This was also examined 
in the PIVENS trial with a dose of 800 IU/d over 96 
wk[15]. Overall, there was a significant improvement 
in the primary endpoint of hepatocellular ballooning 
and steatosis (P = 0.001, NNT = 4.2)[15]. This occurred 
without significant improvement in fibrosis score[15]. 
Vitamin E is not free from adverse effects, with ass
ociations including risk of hemorrhagic stroke, prostate 
cancer and all-cause mortality. As such, physicians 
must be mindful in using it, and when patients are 
placed on vitamin E to treat NASH, its efficacy should 
be assessed after 6 to 12 mo of therapy[15]. The current 
recommendations advocate for use of Vitamin E in 
nondiabetic patients with biopsy proven NASH[2]. 

Angiotensin-converting enzyme inhibitors (ACE-I)
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and management involves the gut microbiome. Its role 
is complex and at present, incompletely understood. 
Resident microbiota consist of millions of microbial 
genes that influence metabolism, physiology and gene 
regulation[26]. They aid in synthesis of vitamins, digestion 
of fibers and prevention of pathogen colonization[27]. As 
such, the role in intestinal disorders such as C difficile 
infection, inflammatory bowel disease and irritable bowel 
syndrome is increasingly recognized[26]. It is thought that 
the microbiome’s role in NAFLD may be mediated via 
the development of endotoxins involved in obesity and 
insulin resistance. The major fermentation products of 
microbiota are short chain fatty acids (SCFAs)[27]. There 
is also an association with increased production of SCFAs 
in overweight and obese subjects when compared to 
lean individuals[28]. The pathophysiology is thought to 
be due to an increased ability to harvest energy through 
the glucagon-like peptide 2 receptor[27]. The resident 
species of bacteria in the gut that are involved in these 
complex interactions is also important to consider. A 
study in obese patients by Ley et al[29] showed that the 
proportion of specific microbacteria (Bacteroidetes) 
was lower in obese compared to lean patients. This 
proportion subsequently increased with weight loss[29].

During digestion, bacterial metabolites are presented 
to the liver through the portal vein[27]. This allows 
exposure of gut-derived factors from the small intestine to 
potentially cause a downstream inflammatory response 
in liver tissue[1]. Interestingly, SCFAs may also play a 
protective role with down-regulating insulin signaling in 
adipose tissue through G-protein couple receptor 43[27]. 
The future of the gut microbiome is exciting and may one 
day lead to a personalized approach to manage NAFLD. 
This is a promising development for possible future 
pharmacologic applications in NAFLD.

There are a wide range of additional pharmacologic 
agents currently under study. Endocannabinoid CB1 
receptors expressed on hepatocytes and myofibroblasts 
are contributors to hepatic fat storage[1]. Peripheral 
receptor antagonists could prove to be a beneficial 
strategy in this patient population. Additional newer 
oral hypoglycemic agents GLP-1 receptor analogues 
(Exenatide™) and DPP-4 inhibitors (Sitagliptin™) may 
play an indirect role through glycemic control. In patients 
with NAFLD and DM, Exenatide™ has been shown to 
improve body weight and decrease transaminases[1]. 
In addition, Sitagliptin™ decreases liver triglyceride 
content[1]. Pentoxifylline has been shown to decrease 
free-radical induced oxidative stress and inhibit lipid 
oxidation[1]. A meta-analysis of randomized double-blind 
controlled trials by Zeng et al[30] examined the application 
of pentoxifylline in NAFLD. Not only were there a 
decrease in aminotransferases, but also significant 
improvement in steatosis, lobular inflammation and 
fibrosis[30], suggesting this may become a potential 
treatment option[31].

Obeticholic acid is a bile acid derivative that may 
have a future role in non-cirrhotic NASH patients. Bile 
acids bind to Farnesoid X nuclear receptors to promote 

and angiotensin receptor blockers (ARBs) are impor
tant renin-angiotensin-aldosterone system (RAAS) 
modulators used in treating hypertension and protein
uria. There is also evidence that these agents help with 
overall insulin sensitivity in DM patients[19]. A meta-
analysis by Al-Mallah et al[20] established that there was 
a 20% reduction in the incidence of new onset DM with 
the use of ACE-I and ARBs. The mechanism behind this 
may be through vasodilation and improved blood flow to 
the pancreas, promoting insulin secretion and delivery to 
tissues[19]. Studies for the role of the RAAS in NAFLD are 
ongoing. Animal models have shown a down regulation 
in pro-inflammatory and pro-fibrotic cytokines, leading 
to prevention of lobular inflammation along with hepatic 
fibrosis[21]. In humans, studies have largely looked at 
the role for ARBs only. A study by Georgescu et al[22] 
determined that Telmisartan improved transaminase 
levels and insulin resistance more than Valsartan. Only 
Telmisartan, however, showed a significant decrease in 
NAS activity score and fibrosis[22]. 

LIVER TRANSPLANTATION
End stage disease leads to consideration of liver 
transplantation in applicable patients. A meta-analysis 
looking at this issue found that NASH patients had 
equivalent survival compare to those who were trans
planted for other causes[23]. Although it can be succe
ssful, transplantation in this patient population also 
carries with it significant risk. When compared to other 
etiologies for liver transplantation, death in subjects 
with underlying NASH was more likely due to cardio
vascular events (OR = 1.65) and sepsis (OR = 1.71)[23]. 
This should emphasize the importance of modifying 
underlying risk factors. With the increase in the obesity 
epidemic in the developed world, NAFLD is projected 
to become the leading cause of liver transplantation in 
the near future[24]. Given the limited resources for trans
plantation, the need for effective therapies to prevent 
end-stage liver disease is all the more important. 

FUTURE MANAGEMENT
An area of significant interest and study in the treat
ment of NAFLD is bariatric surgery. Interventions include 
gastric bypass, gastric banding and sleeve gastrectomy[2]. 
Early on, weight loss goals could be achieved with use 
of bariatric surgery as an adjuvant treatment to lifestyle 
modification. The reduced gastric remnant works to 
decrease hunger and stimulate satiety[25]. In addition 
to loss of central adiposity in subcutaneous tissues, it 
could also lead to a decrease fat deposition in the liver. 
Prospective data is mixed and indicates an improve
ment in steatosis and hepatocyte ballooning in NAFL[2]. 
Reversal of NASH with fibrosis, however, is less clear and 
appears more resistant[25]. As a result, current guidelines 
have not indicated that bariatric surgery should be used 
a specific treatment of NASH at this time.

An evolving area of interest in NAFLD pathogenesis 
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insulin sensitivity and decrease hepatic gluconeogenesis 
along with circulating triglycerides[32]. A recent multi-
center randomized controlled trial by Neuschwander-
Tetri et al[33] showed a significant improvement in NAS 
score and fibrosis when compared to placebo (p = 
0.0002). These derivatives also inhibit conversion of 
cholesterol to bile acids, which resulted in an increase 
in total cholesterol/low density lipoprotein along with 
decrease in HDL[33]. The clinical significance of this 
needs further exploration before recommendations can 
be made for its use. 

Wolfberry, or Lycii fructus, is a well-known drug 
supplement in traditional Chinese medicine. Another 
common supplement now in North America is epigallo
catechin-3-gallate (pure green tea extract). The pre
mise behind their potential beneficial effect relies on 
reduction of oxidative stress and inflammation within 
hepatocytes. The endpoint would be less downstream 
damage within the liver. Xiao et al[34] noted that rat 
models showed an improvement in fat accumulation, 
fibrosis and eventual histology. The key molecules 
include many pro-inflammatory cytokines including 
interleukin molecules. Both of these supplements also 
mediate inflammation by regulating nuclear factor 
kappa B, which many chemokine signaling pathways 
depend on. The application in human models is ongoing.

CONCLUSION
There is currently no single pharmacologic or surgical 
therapy that has been shown to be universally effective 
in all patients with NAFLD. Histologic regression 
presently hinges on lifestyle modification through diet 
and exercise with the goal of improvement in weight as 
well as the detection and management of associated 
metabolic disorders. As such, caloric restriction along 
with regular exercise should be considered in all 
patients. The use of unfiltered, unsweetened coffee, 
reduction of ingestion of fructose and saturated fats 
are reasonable specific dietary recommendations for 
patients. Use of vitamin E should be restricted to non
diabetic patients with biopsy proven NASH and the 
use of oral hypoglycemic agents (i.e., Pioglitazone) 
in nondiabetics should be considered on an individual 
patient basis. In patients with DM metformin is a 
reasonable first line agent. Statins have been proven 
to be safe in this population and given the increased 
cardiovascular mortality in NAFLD, should be used as 
indicated for management of hyperlipidemia.

Although not yet widely recommended, the use of 
surgical techniques including bariatric surgery may aid in 
weight loss and contribute to improved insulin resistance 
and hepatic fat deposition in carefully selected patients. 
Transplantation is an option for end stage disease in 
some individuals. Underlying cardiovascular disease 
is still a concern for post transplant mortality and 
recurrence of NAFLD is common if underlying behaviors 
and risk factors are not addressed. Promising targets 
for future management include bile acid transport, the 

gut microbiome, pro-inflammatory and liver fibrosis 
pathways. We have come a long way, but still have to 
advocate for aggressive management of risk factors to 
prevent progression of NAFLD and potential impact on 
healthcare resources.
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