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ABSTRACT

Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in the United States

and is soon to be the leading cause of liver transplantation. Patients at the greatest risk are those with obe-

sity and type 2 diabetes mellitus. In 2019 the American Diabetes Association guidelines called, for the first

time, for clinicians to screen for steatohepatitis and fibrosis all patients with type 2 diabetes and liver stea-

tosis or abnormal plasma aminotransferases. This requires primary care physicians to be aware of key

aspects related to the diagnosis and treatment of NAFLD, as well as to when to refer to a specialist. Unfor-

tunately, there is still significant medical inertia as clinicians remain unaware of its high morbidity/mortal-

ity. Early diagnosis in the primary care setting is critical to prevent progression to end-stage liver disease.

Patients with NAFLD are also at a higher risk of developing type 2 diabetes mellitus and cardiovascular

disease. Despite general perception to the contrary, weight loss by lifestyle intervention or bariatric sur-

gery and several pharmacological treatments (eg, vitamin E in nondiabetics, pioglitazone or glucagon-like

peptide 1 receptor agonists in patients with or without diabetes) can often be successful to reverse steatohe-

patitis and prevent disease progression.

� 2020 Elsevier Inc. All rights reserved. � The American Journal of Medicine (2020) 133:536−543
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is defined as

hepatic steatosis, either by imaging or histology, in the

absence of secondary factors such as alcohol abuse,
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medications, or other causes for fatty liver disease. Nonal-

coholic steatohepatitis (NASH) is the association of steato-

sis with hepatocyte injury (hepatocyte ballooning) or with

inflammation (hepatitis). In contrast to “simple” steatosis or

nonalcoholic fatty liver (NAFL), NASH is often progres-

sive and carries a significant risk of cirrhosis over time.

This division is potentially dynamic, because NAFL can

progress to NASH if metabolic (or other unknown) factors

deteriorate, and NASH can revert with treatment.1 Figure 1

summarizes the relationship between fatty liver, NAFLD,

NAFL, and NASH.
DISEASE BURDEN: PREVALENCE OF NAFLD AND
NASH
Obesity, insulin resistance, and diabetes are also common in

NAFLD.2-4 NAFLD is also an independent risk for chronic

kidney disease and is associated with the severity of liver

disease.5 The overall prevalence of NAFLD in adults in the

United States is ~25%, but >50% in type 2 diabetes mellitus,
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and even higher in patients with diabetes in Europe or West

and South Asia.6 Of note, liver ultrasound underestimates

the prevalence of NAFLD in mild-to-moderate cases that can

still be associated with steatohepatitis.7 There are about

18.2 million people in the United States living with type 2 dia-
CLINICAL SIGNIFICANCE

� Nonalcoholic fatty liver disease is a common
cause of liver disease and carries significant
liver and extrahepatic morbidity and mortal-
ity. The critical step after a diagnosis of stea-
tosis is to assess for significant liver fibrosis.

� Patients with obesity, type 2 diabetes, or
cardiovascular disease are at increased risk.

� The critical step after a diagnosis of steato-
sis is to assess for significant liver fibrosis.

� Obese patients with type 2 diabetes who
have nonalcoholic steatohepatitis have
the highest risk of progressive disease and
cirrhosis.

� Treatment strategies should target both
liver disease (lifestyle intervention, bar-
iatric surgery, pioglitazone, glucagon-
like peptide 1 receptor agonists, or vita-
min E) and cardiovascular risk factors.
betes mellitus and NAFLD, of

which 6.4 million (37%) are

believed to have NASH.8 You-

nossi et al8 estimated that over

the next 20 years, NASH in

patients with type 2 diabetes

mellitus will be responsible for

65,000 transplants, 1.37 million

cardiovascular-related deaths,

812,000 liver-related deaths, and

will cost about $55.8 billion in

the health care system. In the

United States and worldwide,

NAFLD has become the most

common cause of chronic liver

disease in adults,9,10 even in chil-

dren,11 and the second leading

indication for transplantation

behind hepatitis C.12

NAFLD is also associated

with an overall higher mortal-

ity, which increases exponen-

tially with fibrosis stage.13-15

The leading cause of death is
cardiovascular disease, followed by malignancy and liver

disease.13,16-18 Primary care physicians (PCPs) must

aggressively treat cardiovascular risk factors in NAFLD, as

death from cardiovascular disease is much higher than that

from liver disease.15-21

Unfortunately, PCPs still miss most patients with NASH.

And in patients already identified with NAFL, there is often

inadequate monitoring for their potential progression to

NASH,1 even in subspecialty gastroenterology practices.22

Typical reasons why many patients remain unidentified or

untreated are: 1) Patients or PCPs are unaware of NAFLD
Fatty Liver
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or NASH as a harmful disease; 2) The diagnosis is not con-

sidered when risk factors are present; 3) A confirmatory

liver biopsy is not done in those at high risk for NASH-

fibrosis; and 4) physicians are unaware that several treat-

ment options exist.3,22,23
NASH

NAFL

Progression and 
regression 

are possible

D, NAFL, and NASH. N

se; NASH = nonalcoholic
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ASSOCIATED COMORBIDITIES
As summarized in Figure 2, NAFLD is

linked with several systemic comorbid-

ities and the metabolic syndrome. But,

despite common belief, it is not simply

synonymous with, or a manifestation

of, the metabolic syndrome.20,23 In

fact, NAFLD can be seen in nonobese

patients and in many insulin-resistant

patients without metabolic syndrome.23

The prevalence of metabolic syndrome

in NAFLD and NASH is 43% and

71%, respectively,2 and associated

with further increased mortality.15,24

NAFLD seems to be an additional,

independent risk for the development

of heart disease.15-20,25 Risk factors

such as insulin resistance, hyperten-

sion, and atherogenic dyslipidemia are

common and likely the strongest con-

tributors to their increased cardiovascu-

lar risk.26 Dyslipidemia is typically

secondary to the insulin resistance
associated with steatosis, with decreased high-density lipopro-

tein cholesterol, elevated triglycerides, smaller low-density

lipoprotein cholesterol particle size, and an elevated number

of apolipoprotein B particles.27
DIAGNOSIS

Establishing the Presence of Hepatic Steatosis
Figure 3 summarizes the process to diagnose NAFLD,

NAFL, and NASH. No laboratory test or imaging technique
Risk of 
cirrhosis

Risk of 
hepatocellular 

carcinoma

AFL = nonalcoholic

steatohepatitis.
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Figure 2 NAFLD comorbidities. NAFLD
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can conclusively diagnose NASH, but they can offer a

strong indication of hepatic steatosis or fibrosis (“NASH-

fibrosis”), which is the ultimate goal of screening. Ultra-

sound is an acceptable first-line diagnostic procedure for

steatosis, but has low sensitivity (worse in severe obesity)

and suffers from operator variability.7 If available, transient
NAF

Exclude alc
other cau

hepatic st

Steatosis?
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history of fatty liver
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• Diagnostic panels
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Figure 3 Diagnosis of NAFLD, NAFL, and NASH. ALT

transferase; CAP = controlled attenuation parameter; M

research settings); NAFL = nonalcoholic fatty live

NASH = nonalcoholic steatohepatitis; NFS = NAFLD

US = liver ultrasound.

*Plasma biomarkers: several commercial ones are availabl
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electrography offers improved sensitivity/specificity over

conventional ultrasound by translating liver stiffness into

stages of fibrosis.35 The device most widely used by hepa-

tologists is Fibroscan (Echosens North America, Waltham,

Mass), assessing both liver fat determined by controlled

attenuation parameter and fibrosis by vibration-controlled

transient elastography (VCTE).35 Liver fat is measured

most accurately with magnetic resonance imaging (MRI)-

based techniques, such as by MR and spectroscopy or by

MR proton-density fat fraction.26,35-37 However, currently,

MRI techniques are largely reserved for research given their

higher cost and limited access.

As NAFLD is a diagnosis of exclusion, heavy alcohol

use and competing causes for chronic liver disease must be

ruled out (viral, autoimmune, metabolic, hereditary, or

drug-induced liver diseases).38-40 The American Associa-

tion for the Study of Liver Diseases (AASLD) defines

excessive alcohol use as more than 21 drinks per week in

men or 14 drinks per week in women.38 Patient work-up

should include serology for hepatitis B and C, ferritin, anti-

nuclear antibody, antismooth muscle antibodies, ceruloplas-

min, and alpha-1 antitrypsin deficiency.40

Most often, patients with NAFLD have no symptoms.41

Thus, a high level of suspicion is warranted, especially in

patients with obesity or type 2 diabetes.23,42 Another high-
LD
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e and others in development.24,28-34
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risk group is patients sent to bariatric surgery, where about

two-thirds may have steatosis and one-third NASH with

fibrosis.28 Despite the known morbidity/mortality associ-

ated with obesity and diabetes, guidelines have been some-

what inconsistent, likely due to the lack of long-term

outcome data. The 2018 AASLD screening recommenda-

tions are: “Routine screening for NAFLD in high-risk

groups attending primary care, diabetes, or obesity clinics

is not advised at this time because of uncertainties sur-

rounding diagnostic tests and treatment options, along with

lack of knowledge related to long-term benefits and cost-

effectiveness of screening.”38 But, they recognize that

“There should be a high index of suspicion for NAFLD and

NASH in patients with type 2 diabetes. Clinical decision

aids such as NAFLD Fibrosis Score (NFS) or fibrosis-4

index (FIB-4), or VCTE, can be used to identify those at

low or high risk for advance fibrosis (bridging fibrosis or

cirrhosis).”38 On the other hand, in a somewhat differing

recommendation, the combined European Association for

the Study of the Liver, European Association for the Study

of Diabetes, and the European Association for the Study of

Obesity states that “In subjects with obesity or MetS,

screening for NAFLD by liver enzymes or ultrasound

should be part of routine work-up. In high-risk individuals

(age >50 years, type 2 diabetes mellitus, metabolic syn-

drome), case finding of advanced disease (ie, NASH with

fibrosis) is advisable.”42 However, both guidelines are

consistent in a recommendation against screening family

members for NAFLD.38,42 The 2019 American Diabetes

Association guidelines called, for the first time, for clini-

cians to screen for steatohepatitis and fibrosis any patient

with diabetes having elevated alanine aminotransferase

(ALT) or liver steatosis (also included in the 2020 Ameri-

can Diabetes Association guidelines).29

Elevated plasma aminotransferases should prompt a con-

sideration for NAFLD. Although not diagnostic, ALT is

usually higher than aspartate aminotransferase (AST).23 In

most patients, an ALT ≥40 IU/L is usually an indicator of

active steatohepatitis, while increased AST (≥26 IU/L, and

definitively if ≥40 IU/L) is more an indicator of advanced

fibrosis, although plasma aminotransferases have just a

modest correlation with the severity of steatohepatitis or

fibrosis.30-32,43-45 Of note, normal ALT is ≤19 IU/L for
Paramet

Age

AST

ALT

Platelet

BMI

Serum Glu

Albumi

FIB-4

Low: <1.3
Indeterminate: 

1.3 – 2.67
High: >2.67

Risk of advanced fibrosis (stages 3-4)

Figure 4 Parameters and interpretatio of FIB

advanced fibrosis (stages 3-4). ALT = alanine

notransferase; BMI = body mass index; FIB-4

sis score.
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women and ≤30 IU/L in men.44 Still, most commercial lab-

oratories report “abnormal plasma aminotransferases” as

>40 IU/L. This cut-off lacks sensitivity to reliably rule out

NAFLD/NASH, as shown by Portillo-Sanchez et al,46

where 56% of obese patients with type 2 diabetes mellitus

had NAFLD even as ALT was ≤40 IU/L. Because patients

with diabetes are at such high risk of disease progression, it

has been suggested that work-up for NAFLD should be

done even with normal plasma aminotransferases.42
Determining the Presence of Steatohepatitis
(NASH) and of Liver Fibrosis (Disease Stage)
Once the diagnosis of NAFLD is established, a referral to a

specialist may be necessary to establish the diagnosis of

NASH and need for a liver biopsy. Biopsy is the gold stan-

dard to rule out other causes of chronic liver disease, estab-

lish the diagnosis of steatohepatitis and stage the disease

(severity of fibrosis), and help establish the best treatment

strategy.33,38,47 Its drawbacks are cost, sampling error, and

complications.38 Serious adverse events occur in ~1% of

biopsies in advanced liver disease, although they are mini-

mized in expert hands.34

Noninvasive methods usually determine the likelihood

of liver fibrosis and the need for a liver biopsy.48,36 Sev-

eral scoring systems are available combining patient dem-

ographics with routine chemistries or varying plasma

biomarkers.23,30-32,36,38,42,43,45,48 Of these, the FIB-4, or

alternatively, NFS, should be considered first because both

are free and best validated.38,42 In Figure 4 we summarize

the parameters and interpretations for these 2 scores. In our

personal experience, caution should be exerted when using

NFS because this panel may overestimate the prevalence of

liver fibrosis in patients with type 2 diabetes mellitus, as

diabetes is already embedded in its formula. Referral to a

specialist should be considered for patients with indetermi-

nate or high estimated risk for severe fibrosis, as suggested

in Figure 3.

Imaging by VCTE or MR elastography are 2 noninva-

sive methods to detect advanced fibrosis.36,49,50 In both

cases, the propagation of a shear wave through liver tissue

is measured. Resistance to these shear waves reflects liver

stiffness and degree of fibrosis. VCTE uses ultrasound to
ers

s

cose

n

NFS

Low: < -1.455

Indeterminate: 
1.455 – 0.676

High: >0.676

Risk of advanced fibrosis (stages 3-4)

-4 and NFS for establishing the risk of

aminotransferase; AST = aspartate ami-

= fibrosis-4 score; NFS = NAFLD fibro-
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Manage Cardiovascular Risk
• Weight Loss
• Increased physical ac�vity
• Op�mize blood pressure control
• Treat dyslipidemia (overall 

sta�ns are safe in NAFLD)
• Op�mize HbA1c in T2DM

Manage Liver Disease
• Weight Loss
• Pioglitazone, GLP-1RA
• Vitamin E in pa�ents without T2DM
• Screen for HCC if cirrhosis
• Limit alcohol intake
• Vaccina�ons 

NAFLD
Treatment

Figure 5 Integrated management of NAFLD.

HCC = hepatocellular carcinoma; NAFLD = nonalcoholic

fatty liver disease; T2DM = type 2 diabetes mellitus.
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measure this wave propagation, instead of magnetic reso-

nance for MR elastography.37,51 Acoustic radiation force

imaging and shear wave elastography are other less com-

monly used imaging techniques to assess liver fibrosis in

NAFLD.36
MANAGEMENT
NAFLD is a treatable disease. The target of therapy is not

steatosis per se but rather steatohepatitis and fibrosis. Treat-

ment should focus on patients with steatohepatitis with

moderate-to-severe fibrosis (stage F2 and greater) because

they are at the highest risk of cirrhosis. Management strate-

gies are summarized in Figure 5.

Treatment of Steatohepatitis (NASH)
Weight loss is the cornerstone of treatment. Many nutri-

tional approaches combined with lifestyle efforts have been

tried, but the most important factor for reversal of NASH is

the amount of weight loss achieved.38,42 Possibly the

approach with the greatest evidence of long-term cardiome-

tabolic benefit is the Mediterranean diet centered on con-

sumption of vegetables and fresh fruit, unprocessed cereals,

nuts, fish or white meat, and olive oil, while avoiding sim-

ple sugars and red (or processed) meats.20 Usually, weight

loss of >5% is associated with a decrease in steatosis, but

greater loss is needed for resolution of steatohepatitis and

improvement in fibrosis.42,52,53

Weight loss medications or bariatric surgery should be

considered. Of note, there are no US Food and Drug

Administration (FDA)-approved drugs for NASH, but

agents that induce weight loss or reverse insulin resistance

improve steatohepatitis. In proof-of-concept studies, anti-

obesity medications approved by the FDA have shown to

improve liver function tests and steatosis, even steatohepa-

titis, in proportion to the weight loss achieved.54 Bariatric

surgery is also cost effective for obese patients with NASH

regardless of fibrosis stage.55,56 The AASLD recommends

considering bariatric surgery for patients with NASH who

would be eligible otherwise.38
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A treatment approach aimed at treating both diabetes and

NASH appears to be the most practical and cost-effective

strategy. Among FDA-approved pharmacological agents

for the treatment of diabetes, neither sulfonylureas, dipep-

tidyl peptidase-4 inhibitors, acarbose, metformin, or insulin

are believed to significantly improve steatohepatitis or liver

fibrosis, although decreases in AST/ALT or liver fat have

been reported in small uncontrolled studies.3,20 Treatment

of patients with NAFLD with the glucagon-like peptide 1

receptor agonist (GLP-1RA) liraglutide has led in most

studies to a reduction in plasma aminotransferases and stea-

tosis.57 Similar outcomes have been reported with other

GLP-1RAs, with results heavily influenced by treatment

duration and the magnitude of weight loss.20,57 Armstrong

et al58 reported improvement in liver histology in 52

patients with NASH treated with liraglutide for 48 weeks.

An ongoing randomized controlled trial (RCT) of semaglu-

tide in patients with NASH will report results in late 2020

(Clinical.Trials.gov NCT02970942). Finally, recent studies

suggest a role for sodium-glucose co-transporter-2

(SGLT2) inhibitors for the treatment of NAFLD. They may

induce modest (2%-4%) weight loss, and in small studies,

reported decreases in ALT and of hepatic steatosis.59

The best evidence for pharmacological treatment of

NASH is from 5 RCTs including a total of 498 patients

where pioglitazone (30 or 45 mg/d) vs placebo consistently

improved steatohepatitis.30,60-64 Improvement occurs in

≥50% of patients, depending on the specific primary out-

come of each trial. The placebo-subtracted difference in

resolution of NASH ranges from 30% to 40%. Liver fibrosis

improved in 2 of these trials.61,62 Pioglitazone is a dual per-

oxisome proliferator-activated receptor-g/a agonist that

reverses insulin resistance and improves mitochondrial

function in hepatocytes, among several postulated mecha-

nisms of action.65-67 Pioglitazone has been included in cur-

rent guidelines for patients with or without type 2 diabetes

mellitus and biopsy-proven NASH.29,38,42

Vitamin E at a dose of 800 units/d improves liver histol-

ogy in nondiabetic adults with NASH,63 although benefit

has been modest in patients with diabetes.64 In children,

ALT decreases but changes in steatohepatitis on histology

are insignificant compared with placebo.68 How vitamin E

works is unclear, but is believed to be related to its antioxi-

dant properties.69 Controversy persists about the relation-

ship between vitamin E treatment at doses >400 units/d and
all-cause mortality in the general population.70 Recent

meta-analyses suggest no harm.71,72 The AASLD limits the

vitamin E recommendation to adults without diabetes and

with biopsy-proven NASH.38

Other aspects of liver disease deserve attention. Heavy

drinking should be discouraged.38 Vaccinations recom-

mended for all chronic liver disease should also be consid-

ered for NAFLD (influenza, pneumococcal, hepatitis A and

B).73 NASH cirrhosis carries a significant risk for hepato-

cellular carcinoma and calls for regular screening by a

specialist.38,42
rizona from ClinicalKey.com by Elsevier on January 14, 
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Management of Cardiovascular Risk Factors
Cardiovascular disease is the leading cause of mortality in

patients with NAFLD.15-20,38,42 Management should include

careful glucose, lipid, and blood pressure control.20,23 Several

medications for the treatment of diabetes, such as pioglita-

zone, GLP-1RAs, and SGLT2 inhibitors, also reduce cardio-

vascular disease.3,65

Attention to glycemic control in patients with diabetes

may delay progression of microvascular complications, but

it has not been tested in an RCT in terms of slowing the pro-

gression of NASH.23 Statin therapy for dyslipidemia is safe

in patients with NAFLD/NASH.38,74,75 Despite this evi-

dence, patients with NAFLD are less likely to receive

appropriate statin therapy.21,75 Control of hypertension

reduces cardiovascular risk. Angiotensin-converting

enzyme inhibitors and angiotensin-receptor blockers (also

statins) have been associated with a reduced risk of liver

fibrosis.76 However, the evidence from RCTs is weak.74,75
MONITORING AND FOLLOW-UP
In the absence of steatosis, but when risk factors for

NAFLD exist, repeating plasma aminotransferases or an

ultrasound every 3-5 years should be considered.42 Because

simple steatosis (NAFL) can be progressive, monitoring for

change in status is also needed, but the most cost-effective

way remains uncertain. As discussed, establishing the over-

all risk of fibrosis when steatosis is present is best done by

combining patient demographics, plasma AST/ALT with

liver panels (ie, FIB-4), and by imaging, such as ordering

elastography testing. Patients identified with a high risk of

advanced NASH-fibrosis should be referred to a hepatolo-

gist. If confirmed on a liver biopsy, the patient should be

treated and monitored by a multidisciplinary team that

involves the PCP, nutritionist for weight reduction, endocri-

nologist if diabetes is present, and a hepatologist. Of note,

NAFLD in diabetes may not only be associated with a

greater risk of cardiovascular disease, but also of microvas-

cular diabetic complications.5,23,26 Because of this, PCPs

and endocrinologists should routinely consider if NASH

may be present in patients with type 2 diabetes mellitus, as

they do for diabetic retinopathy or nephropathy.
CONCLUSION
PCPs need to be aware of several key points about NAFLD.

First, NAFLD is not as believed in the past simply an irrele-

vant diagnosis of “fatty liver” but carries a risk of signifi-

cant morbidity and mortality. Second, the diagnosis should

always be considered when working up liver disease, espe-

cially in patients with obesity and prediabetes/type 2 diabe-

tes mellitus. Screening guidelines today are more centered

on case finding, although rapidly evolving. The risk of

NASH-fibrosis/cirrhosis should be a consideration in any

patient with elevated plasma transaminases or steatosis on

imaging (Figure 3). Third, once NAFLD is diagnosed, the

next critical step is estimating the risk of fibrosis to prevent

disease progression. A referral to a specialist should be
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considered if risk falls in the indeterminate or high-risk cat-

egories (Figure 4). Finally, NAFLD is treatable and should

encompass a strategy targeting liver disease and cardiovas-

cular risk management (Figure 5). Weight loss of 5%-10%

is essential and is best achieved as part of a structured pro-

gram. Pioglitazone has proven to be safe and effective in

patients with NASH with or without diabetes and is recom-

mended in current guidelines. GLP-1RAs and SGLT2

inhibitors will likely play a greater role in NASH treatment,

alone or combined with pioglitazone or newer agents, given

their impact on cardiovascular disease. Many new agents

are being tested for the treatment of NASH.77 It is time for

PCPs to raise awareness among patients and peers to rou-

tinely include NASH in the management of patients with

obesity or type 2 diabetes mellitus.
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