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Abstract

Nonalcoholic fatty liver disease (NAFLD) is becoming increasingly common, currently affecting 

approximately 37% of US adults. NAFLD is most often managed in primary care or endocrine 

clinics, where clinicians must determine which patients might benefit from secondary care to 

address hepatic manifestations, comorbid metabolic traits, and cardiovascular risks of the disease. 
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Because NAFLD is largely asymptomatic, and because optimal timing of treatment depends on 

accurate staging of fibrosis risk, screening at the primary care level is critical, together with 

consistent, timely, evidence-based, widely accessible, and testable management processes. To 

achieve these goals, the American Gastroenterological Association assembled a multidisciplinary 

panel of experts to develop a Clinical Care Pathway providing explicit guidance on the screening, 

diagnosis, and treatment of NAFLD. This article describes the NAFLD Clinical Care Pathway they 

developed and provides a rationale supporting proposed steps to assist clinicians in diagnosing and 

managing NAFLD with clinically significant fibrosis (stage F2–F4) based on the best available 

evidence. This Pathway is intended to be applicable in any setting where care for patients with 

NAFLD is provided, including primary care, endocrine, obesity medicine, and gastroenterology 

practices.
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Approximately 37% of adults in the United States, and as many as 70% of individuals 

with type 2 diabetes (T2D), have nonalcoholic fatty liver disease (NAFLD).1–3 Nonalcoholic 

steatohepatitis (NASH), a subtype of NAFLD characterized by inflammation, ballooning, 

and Mallory’s hyaline on liver biopsy, can lead to hepatic fibrosis, cirrhosis, and 

hepatocellular cancer (HCC). Both NAFLD and NASH are also associated with an increased 

risk of cardiovascular disease,4 cardiovascular and liver-related mortality, and impaired 

health-related quality of life.5–8 Given NAFLD’s close association with T2D and obesity, the 

prevalence of both NAFLD and NASH is likely to continue to increase. In 2017–2018, the 

age-adjusted prevalence of obesity in US adults was estimated to be 42.4%,9 and by 2030 

approximately 1 in 2 adults is expected to have obesity.10

Most patients with NAFLD and NASH are seen in primary care or endocrine clinics. 

Although not all patients with NAFLD/NASH require secondary (ie, hepatology) care, 

not knowing which patients might benefit from such care a when to refer them 

results in inconsistent care processes and possibly poor outcomes. Optimal care of the 

growing population of patients with NAFLD and NASH requires clinicians from different 

specialties, including primary care, gastroenterology, hepatology, obesity management, 

and endocrinology, toco-managethe hepatic manifestations of the disease, as well as the 

comorbid metabolic traits and cardiovascular risk.11 Such a process could benefit from an 

algorithm approach to NAFLD screening, diagnosis, and risk stratification.12 Clinical care 

pathways have been found to improve the quality of health care delivery in other areas of 

medicine.13

For these reasons, the American Gastroenterological Association (AGA), in collaboration 

with members from professional societies, including the American Diabetes Association, 

American Osteopathic Association, Endocrine Society, and the Obesity Society, convened 

a multidisciplinary task force of 15 experts to develop an NAFLD/NASH Clinical Care 

Pathway. The resulting Pathway aims to provide practical guidance across the spectrum of 

care from screening and diagnosis to management of patients with NAFLD and NASH, 
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facilitating value-based, efficient, and safe care that is consistent with evidence-based 

guidelines, and setting the stage for future studies to examine the outcomes of such 

pathways.

Pathway Development

The multidisciplinary pathway development task force encompassed a spectrum of providers 

from whom NAFLD patients might seek treatment, including primary care providers, 

gastroenterologists, hepatologists, and endocrinologists. Panel members represented a range 

of clinical practices (private, academic university, Veterans Affairs) in the United States, 

Europe, Australia, and Asia. The task force was divided into the following 3 work groups: 

screening, diagnosis, and management. In the first round, each work group developed its 

section independently in a series of virtual meetings conducted over 3 months (October 

through December 2020). Each work group reviewed relevant literature and combined their 

expert judgment with clinical data to develop evidence-based approaches, iteratively revising 

and updating the Pathway throughout the process. Pathways for each of the 3 sections 

were then reviewed and collated by the 3 lead members (F.K., J.S., K.C.), who focused 

on areas of disagreement, reviewed additional literature, and reached out to individual 

members to discuss any identified inconsistencies and controversial recommendations. All 

task force members subsequently met and discussed the combined Pathway in a dedicated 

virtual meeting (March 2021). All opinions were included and discussed. A priori, we 

decided to drop a recommendation if it was opposed by ≥30% of the experts after full 

discussion. However, we did not encounter this scenario. Consensus was achieved on all 

recommendations after the group discussion. The 3 lead members revised the Pathway 

based on this combined feedback, after which the Pathway and accompanying article were 

subjected to an additional round of reviews or critiques by each member. The last set of 

comments was incorporated into the final draft, which was then approved by each member.

Figures 1–3 display the NAFLD/NASH Clinical Care Pathway. Figure 1 combines screening 

and diagnosis because of the overlap between these 2 steps. The evidence and rationale for 

each of the Pathway’s individual steps are described below.

Screening for Nonalcoholic Fatty Liver Disease and Nonalcoholic 

Steatohepatitis

Step 1: Identify Patients at Risk for Clinically Significant FIbrosis

Hepatic fibrosis is the most important determinant of liver and non-liver outcomes in 

patients with NAFLD.6,14,15 Therefore, identifying patients with clinically significant 

hepatic fibrosis (fibrosis stage 2 or higher) is important for targeted efforts at preventing 

disease progression. A recent study found that screening for NAFLD followed by intensive 

lifestyle interventions or pioglitazone was cost-effective in patients with T2D diagnosed 

with fibrosis stage F2 or higher.16 Most phase 3 clinical trials in NASH also target patients 

with F2 or a higher stage of fibrosis. If successful, these clinical trials will translate into 

several treatment options for this at-risk subset of patients with NAFLD, making it an 

important group to identify.
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We identified 3 groups known to be at greatest risk of NAFLD/NASH-related fibrosis. 

Effective screening and timely diagnosis of fibrosis can prevent progression to complications 

in these key groups.

1. Patients with T2D: Many studies report a high prevalence of clinically significant 

fibrosis in patients with T2D, with as many as 20% of these patients affected in 

recent studies.1,17 We recommend clinicians screen all patients with T2D. This 

approach has been demonstrated to be cost-effective.16

2. Patients with 2 or more metabolic risk factors: In a large retrospective study of 

271,906 patients with NAFLD, patients with only 1 or no metabolic trait (eg, 

hypertension, dyslipidemia, or obesity) had a low risk of progression to cirrhosis 

or HCC.18 There was a stepwise increase in risk of progression to cirrhosis 

or HCC with each additional metabolic trait. Compared with patients with no 

metabolic trait, patients with both hypertension and dyslipidemia had a 1.8-fold 

higher risk of progression to cirrhosis or HCC. Therefore, we recommend 

that clinicians screen patients with 2 or more metabolic conditions for 

NAFLD-related clinically significant hepatic fibrosis. The metabolic conditions 

include central obesity, defined by waist circumference with ethnicity-specific 

cutoffs; raised serum triglycerides, ≥150 mg/dL, or specific treatment for 

hypertriglyceridemia; reduced serum high-density lipoprotein cholesterol, <40 

mg/dL in men, <50 mg/dL in women, or specific treatment; hypertension, 

systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥85 mm Hg, 

or specific treatment; and raised fasting plasma glucose, between 100 mg/dL19 

and 125 mg/dL (prediabetes).

3. Patients with incidental finding of hepatic steatosis or elevated 

aminotransferases: Some patients undergoing thoracic and abdominal imaging 

for reasons other than liver symptoms, signs, or abnormal liver biochemistry can 

demonstrate unsuspected hepatic steatosis. Studies suggest that 11% of patients 

with incidentally discovered hepatic steatosis might be at high risk for advanced 

hepatic fibrosis.20 This appears to be particularly true in patients with elevated 

aminotransferases. A recent retrospective cohort study found that patients with 

hepatic steatosis and elevated alanine aminotransferase had a significantly higher 

risk of progression to cirrhosis or HCC than patients with hepatic steatosis 

and persistently normal alanine aminotransferase.21 These findings support our 

recommendation to evaluate patients with unsuspected hepatic steatosis detected 

on imaging, especially those with abnormal liver chemistries, for presence of 

NAFLD and clinically significant fibrosis. However, further research on the 

accuracy and costeffectiveness of this strategy is required.

Step 2: Conduct Standard History and Blood Tests to Obtain Key Measures

We recommend that all at-risk patients identified in Step 1 be screened for alcohol use 

and have liver tests (or comprehensive metabolic panel, if done as part of routine care) 

and a complete blood count as part of the initial screening process. The US Preventive 

Services Task Force recommends that all adults 18 years and older be screened for alcohol 

use disorders, using the Alcohol Use Disorders Identification Test, Alcohol Use Disorders 
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Identification Test-Concise, or single-question screening tool.22 Results from standard 

laboratory testing can allow clinicians to calculate simple fibrosis scores (such as Fibrosis-4 

[FIB-4] or NAFLD Fibrosis Score) that rely on serum levels of aminotransferases, albumin, 

and platelets (Step 3).23

These initial laboratory tests can also identify patients with elevated aminotransferases, all of 

whom should be evaluated for presence of other chronic liver and biliary diseases, including 

chronic hepatitis C virus infection, chronic hepatitis B virus infection, alcohol-related liver 

disease, and mass lesions (via liver imaging) (Figure 2). Other tests to evaluate for rare liver 

diseases can be performed in primary care clinics. Alternatively, patients can be referred to 

specialty hepatology clinics for further evaluation and management.

Abdominal ultrasound is commonly used to diagnose hepatic steatosis and has high accuracy 

for detecting moderate and severe steatosis,24 but it has suboptimal sensitivity for mild 

steatosis.25 In patients with a high pretest probability of NAFLD, such as the 3 at-risk 

groups identified in Step 1, moving directly to risk stratification (Step 3) is reasonable 

without an abdominal ultrasound to diagnosis hepatic steatosis.

Step 3: Conduct Noninvasive Testing for Liver Fibrosis Using Simple Scores

We recommend that all individuals in the target risk groups undergo a 2-tier process 

to assess for clinically significant liver fibrosis. The first tier involves using simple, 

nonproprietary fibrosis scores. Several proprietary scores are available but might not be 

cost-effective to use in all clinical situations. The Pathway relies on the FIB-4 score because 

it has been shown to have the best diagnostic accuracy for advanced fibrosis compared 

with other noninvasive markers of fibrosis in patients with NAFLD.23,26 FIB-4 score also 

correlates with clinical outcomes27,28 in patients with NAFLD. Other noninvasive tests, such 

as aspartate transaminase to platelet ratio index can be used in lieu of FIB-4.23 Of note, 

all noninvasive fibrosis scores are more accurate in distinguishing patients with from those 

without advanced fibrosis (F3 or higher). Therefore, the cutoffs for the noninvasive fibrosis 

scores, although evidence-based, might miss some patients with F2 at an initial assessment. 

However, these patients should be detected during future assessments as they progress.

Previous studies have shown that FIB-4 score <1.3 (<2.0 in those older than 65 years) can 

reliably exclude advanced fibrosis in patients with NAFLD, with a negative predictive value 

of ≥90%.23,26,29,30 As a result, FIB-4 provides a useful, inexpensive, first-line assessment 

of liver fibrosis for use in primary care. Patients with values below this cutoff do not 

need further evaluation, but we recommend that clinicians consider these patients for repeat 

testing with FIB-4 in 2–3 years. This recommendation is supported by a prospective study 

using serial transient elastography in patients with T2D, in which only 12% of patients had a 

≥30% relative increase in liver stiffness after 3 years of follow-up.31

Patients with FIB-4 score >2.67 are at high risk for advanced fibrosis,29 with most studies 

reporting positive predictive values of 60%–80%.23,32–34 We recommend referring these 

patients to hepatology, where they can be considered for liver stiffness measurement (LSM) 

or liver biopsy to confirm liver fibrosis stage. The remaining 30%-40% of patients with an 

FIB-4 test would likely have values in the indeterminate range (ie, 1.3–2.67).1 These patients 
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should also undergo LSM, depending on the clinical setting (see Step 4), which can be done 

as a point-of-care test (if available) in the primary care or endocrinology clinic, ordered by 

the clinician as other imaging tests to be reviewed at the next visit or as part of a referral to 

hepatology.

Of note, the negative and positive predictive values of the novel imaging techniques (NITs) 

depend on the prevalence of advanced fibrosis in the target population, with prevalence 

being lower in the primary care clinic populations and higher in specially clinic populations. 

However, recent studies have shown that the prevalence of advanced fibrosis (F3–F4) 

in primary care clinic populations of patients with risk factors for NAFLD (such as 

diabetes) is higher than previously believed, ranging from 9% to 15% in different studies.1,2 

Furthermore, most NITs have high negative predictive values at the low cutoffs and can 

reliably rule out clinically significant fibrosis. Indeed, this 2-tier, risk-stratification process 

is supported in part by a study of 759 patients with biopsy-proven NAFLD showing that 

using noninvasive fibrosis scores followed by LSM (with FibroScan) only for patients with 

indeterminate or high scores was most accurate for diagnosing advanced fibrosis.35 In 

another study of 968 patients with biopsy-proven NAFLD, sequential testing using NAFLD 

Fibrosis Score or FIB-4 followed by FibroScan for patients with indeterminate score was 

more accurate than using tests individually.32 Sequential testing may also be justified 

because the performance of noninvasive fibrosis scores for the diagnosis of advanced 

fibrosis in NASH appears to be less optimal in patients with T2D, with a significant number 

of patients falling into the indeterminate group.36

For aspartate transaminase to platelet ratio index, a study from a tertiary center in India 

found a value of ≤0.48 had a negative predictive value of 78% and a value of ≥1.34 had 

a positive predictive value of 78%, with values between 0.49 and 1.33 representing the 

indeterminate group.37

The Pathway uses the currently available NITs. We expect the Pathway will be updated as 

more precise markers are developed and validated.

Step 4: Obtain a Liver Stiffness Measurement

The second tier relies on an imaging-based test for LSM, depending on the initial 

FIB-4 score result. To assess liver stiffness, the Pathway uses FibroScan, which is 

based on vibration controlled transient elastography (VCTE).38 New techniques, such as 

bidimensional shear wave elastography or point shear wave elastography, can also be used to 

assess LSM, with diagnostic performances at least as good as VCTE (with FibroScan).39,40

FibroScan (transient elastography) scores, measured in kilopascals (kPa), reflect risk for 

clinically significant fibrosis. In a study of 450 consecutive adults who underwent liver 

biopsy and FibroScan for suspected NAFLD at 7 centers, the Youden cutoff value for F≥F2 

was 8.2 kPa.38 This cutoff was associated with high negative predictive values for stage 

2 fibrosis in patients seen in diabetes clinics or the general population (78% and 97%, 

respectively), although the negative predictive value was modest in specialty hepatology 

clinic populations (61%). However, using VCTE, an LSM of <8.2 kPa excluded advanced 

fibrosis (fibrosis stage 3 and 4) with negative predictive values of >80% in all populations.38 
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To allow easy implementation, we recommend a simplified rounded value of 8.0 kPa as the 

low cutoff to exclude clinically significant fibrosis (ie, fibrosis stage F2–F4) for LSM using 

VCTE. Among 1073 patients with NAFLD from 10 European liver centers who had a liver 

biopsy and LSM within 6 months, a low cutoff of 8 kPa has a 93% sensitivity to exclude 

advanced fibrosis.41 A recent systematic review also provides support to the low cutoff of 8 

kPa.34 Given these data, patients with LSM (using VCTE) <8.0 kPa can be considered low 

risk for clinically significant fibrosis and are best managed with repeat surveillance testing in 

2–3 years.

A value of >12.1 kPa on VCTE indicates that clinically significant fibrosis is likely, with 

positive predictive values of 76% and 88% in patients seen in diabetes and hepatology clinic 

populations, respectively, although the positive predictive value can be low in primary care 

populations.38 We recommend using a rounded-off value of 12.0 kPa as the upper cutoff.41 

We further recommend referring these high-risk patients (>12.0 kPa) to a hepatologist, if 

not already in hepatology care, for consideration of liver biopsy or magnetic resonance 

elastography (MRE). A liver biopsy is usually indicated, although a FIB-4 score >2.67 

together with an LSM using VCTE ≥12.0 kPa is highly suggestive of advanced liver 

fibrosis. Additional nonproprietary and proprietary plasma tests, or imaging by MRE, can 

also be considered to confirm findings. Ina cross-sectional analysis of a prospective cohort 

of 238 consecutive patients with MRE and biopsy-proven NAFLD, MRE ≥3.3 kPa and 

FIB-4 score ≥1.6 ruled in stage 2 or higher fibrosis with a positive predictive value of 

97.1%.42 This combination remained significant at a positive predictive value of 91.0% in 

a separate validation cohort, suggesting that patients meeting both cutoffs on the sequential 

application of noninvasive tests might not need to undergo a liver biopsy for subsequent risk 

stratification.42 However, this study included patients seen in specialty clinics with a high 

prevalence of hepatic fibrosis. These data will need confirmation in patients with NAFLD 

seen in other clinical settings. An LSM ≥20 kPa on VCTE or thrombocytopenia is highly 

suggestive of cirrhosis. These patients also have a risk of gastroesophageal varices requiring 

treatment and should undergo variceal screening.43

We recommend that patients with discordant or indeterminate LSM results (ie, 8.0–12.0 

kPa) in primary care and endocrine clinics be referred to hepatology where, like high-risk 

patients, they might need to undergo either a liver biopsy or MRE for further diagnostic 

evaluation. We recognize the need for physician–patient shared decision making and 

individualized care, and it may be appropriate to follow the patients annually with repeated 

LSMs if this strategy is consistent with patients’ preferences.

We recommend proprietary, commercially available blood or NITs44–47 for patients 

considered indeterminate or high risk based on FIB-4 score or aspartate transaminase to 

platelet ratio index where LSM is unavailable.

Management of Nonalcoholic Fatty Liver Disease and Nonalcoholic 

Steatohepatitis

The main goal of screening high-risk groups is to implement early interventions and prevent 

the development of cirrhosis and liver-related and all-cause mortality.5–7 Care must also be 
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directed at reversing the unfavorable metabolic profile of many patients, as cardiovascular 

disease is the main driver of morbidity and mortality in this condition (ie, before the 

development of cirrhosis).4 Given the complexity of care posed by patients with obesity, 

diabetes, cardiovascular disease, and NAFLD with fibrosis, successful intervention requires 

a cohesive multidisciplinary team including the primary care physician, an endocrinologist 

(for patients with diabetes), and gastroenterologist/hepatologist.

In patients with NASH, the goal of liver-directed treatment is to reverse steatohepatitis 

and fibrosis, or at least halt fibrosis progression. Importantly, the presence of steatosis in 

a given individual largely serves as a “biomarker” or risk factor for steatohepatitis with 

fibrosis, but its mere presence (or even its severity) does not necessarily imply presence of 

severe disease48 and should not be considered a treatment target per se. We recommend 

that clinicians follow the principles of shared decision making to develop individualized 

treatment plans based on a patient’s risk status (Figure 3). Long-term care in NAFLD is best 

delivered within multidisciplinary teams, although many barriers to doing so exist in current 

health care systems.49

Management of Nonalcoholic Fatty Liver Disease in Patients at Low Risk of 

Advanced Fibrosis

Most patients screened in primary care will have a low risk of clinically significant liver 

fibrosis, defined as having a FIB-4 score <1.3, LSM <8.0 kPa by transient elastography, or a 

liver biopsy fibrosis stage of F0–F1 (Figure 3).1,2,50–53 We recommend therapeutic lifestyle 

interventions for these patients. Specific pharmacologic treatment targeting liver steatosis is 

not necessary in this lower-risk population.

We recommend that management for these patients should focus on lifestyle interventions 

to modify unfavorable cardiometabolic risk factors. Particular efforts should be made to 

promote weight loss in overweight or obese patients. However, all patients regardless of 

weight and adiposity should receive education about nutritional strategies, regular physical 

activity, and avoiding excess alcohol intake. Although NAFLD and visceral adiposity 

are well-established risk factors for T2D and cardiovascular disease,54 even nonobese 

individuals with NAFLD may benefit from lifestyle intervention, as they are typically 

insulin-resistant55,56 and often have a more unfavorable metabolic profile with greater 

visceral adiposity, features of metabolic syndrome, and T2D.57

We recommend patients should follow a Mediterranean diet, consistent with the AGA’s 

recent Clinical Practice Update.57 Mediterranean diet is based on daily consumption of 

vegetables and fresh fruit, unsweetened cereals rich in fiber, nuts, fish or white meat, 

olive oil, and minimal use of simple sugars and red (or processed) meats. Mediterranean 

diet is associated with a decrease in hepatic steatosis, improved insulin sensitivity, and 

lower mortality.58,59 Recent data have shown that even low alcohol intake is associated 

with increased risks for advanced liver disease and cancer in individuals with NAFLD. 

In a large retrospective study of more than 8000 patients with NAFLD (fatty liver index 

>60), 9–20 g of daily general alcohol useor 0–9 g of daily non-wine alcoholuse doubled 

the risk for adverse liver-related outcomes compared with lifetime abstainers.60 Therefore, 

Kanwal et al. Page 8

Gastroenterology. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



adults with NAFLD should restrict alcohol consumption to reduce liver-related events. 

This recommendation is consistent with that of a recent Clinical Practice Update from the 

AGA.57

There are no large, long-term behavioral modification or pharmacotherapy studies regarding 

weight loss in individuals with NAFLD. However, weight loss of any magnitude should 

be encouraged as beneficial. Reversal of steatosis may be observed with even modest 

weight loss (approximately 5%), although most studies suggest that a greater decrease 

(up to 10%) is needed to improve steatohepatitis or fibrosis.57,61 Selected patients may 

benefit from approved medications that promote weight loss,62 as well as from bariatric 

surgery.63–65 Both strategies, currently underused in managing both obesity and NAFLD, 

should be individualized based on the severity of obesity and comorbidities. A recent 

meta-analysis of 43 studies (median duration 6 months), including 2809 individuals treated 

with structured weight loss programs, pharmacotherapy, or bariatric surgery, found a close 

dose–response relationship between weight loss and resolution of NASH, but not for 

fibrosis.66 Most structured weight loss programs in this meta-analysis included both an 

energy-restricted diet and an exercise component. The median intervention duration was 6 

months (interquartile range, 3–8 months). Compared with no, minimal, or lower-intensity 

interventions, moreintensive weight loss interventions (such as an aerobic treadmill-based 

training program set to 65%–75% of the maximum heart rate) were associated with 

greater weight change67 (–3.61 kg; 95% confidence interval [CI], –5.11 to –2.12 kg; 

I2 = 95%) and improved myriad metabolic and histologic outcomes. Of note, increased 

physical activity (eg, 2–3 sessions of aerobic exercise 30–60 min/wk) decreases plasma 

aminotransferases and steatosis, even in the absence of significant weight loss.68–70 The 

AGA Clinical Practice Update recommends 150–300 minutes of moderate-intensity exercise 

(3–6 metabolic equivalents) or 75–150 minutes of vigorous-intensity exercise per week.57

Managing cardiovascular risk factors, such as hypertension and dyslipidemia, in patients in 

this low-risk group should follow recommended standards of care. Statins have beneficial 

pleiotropic properties, are safe,71 and are recommended by current guidelines.61,72–74

Glucose-lowering medications should be used to optimize glycemic control.75,76 As 

discussed in more depth below, glucagon-like peptide 1 receptor agonists (GLP-1RAs), 

sodium-glucose co-transporter-2 (SGLT2) inhibitors, and pioglitazone can improve the 

cardiometabolic profile and reverse steatosis in patients with diabetes and NAFLD.77 We 

recommend that use of GLP-1RAs and SGLT2 inhibitors in individuals with T2D and 

NAFLD should be based on current American Diabetes Association guidelines.78

Management of Nonalcoholic Fatty Liver Disease in Patients at High Risk of 

Advanced Fibrosis

Nearly 10% of patients screened based on Steps 1 to 4 will have a high risk of 

clinically significant liver fibrosis, defined as having a FIB-4 score >2.67, LSM >12.0 

kPa by transient elastography, or a liver biopsy showing clinically significant liver fibrosis 

(Figure 3).1,2,50–53 We recommend that these patients be managed by a multidisciplinary 

team closely coordinated by a hepatologist who can monitor for cirrhosis, HCC, and 
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other cirrhosis-related complications. In these patients, we recommend aggressive lifestyle 

changes aimed at long-term weight loss. Structured weight loss programs and anti-obesity 

medications, as with lower-risk patients, are usually more successful for weight loss than 

office-based efforts during regular visits.67,70,79 We recommended a greater use of formal 

weight loss programs.57 Bariatric surgery performed by well-established programs is another 

tool that should be considered in appropriate individuals with clinically significant fibrosis 

and obesity with comorbidities.63

At present there are no US Food and Drug Administration–approved pharmacologic agents 

for treating NASH specifically, although many are under development. Among the available 

non-Food and Drug Administration–approved options, vitamin E (800IU/d) improved 

steatohepatitis in patients with biopsy-proven NASH without T2D in a large randomized 

trial.80 A smaller randomized controlled trial in patients with T2D had more mixed results,81 

but a retrospective study of patients with NASH with advanced fibrosis or cirrhosis, with 

or without T2D, showed transplant-free survival and lower rates of hepatic decompensation 

among vitamin E users.82

A medication approved for treating diabetes that has been evaluated in trials for the 

treatment of NASH is liraglutide, a GLP-1RA available as a daily injection for the treatment 

of T2D and obesity. Several small studies have reported that liraglutide improves steatosis, 

with the degree of improvement often proportional to the magnitude of weight loss.76,77,83 

A proof-of-concept study reported reversal of steatohepatitis and amelioration of fibrosis 

progression after 12 months of liraglutide in 52 subjects with biopsy-proven NASH.84 More 

recently,85 a daily formulation of the GLP-1RA semaglutide improved liver histology in 

320 patients with biopsy-proven NASH, with and without T2D. The primary outcome was 

NASH resolution without worsening of fibrosis and was reached in 59% of patients treated 

with the highest dose of semaglutide (0.4 mg/d) compared with 17% in patients on placebo 

(P < .001). There was no improvement in fibrosis, although fewer patients in the semaglutide 

group experienced worsening of fibrosis.85 Dose-dependent gastrointestinal adverse effects 

included nausea, constipation, and vomiting, and occurred with a higher frequency in the 

semaglutide (0.4 mg) than the placebo group.

Five randomized controlled trials (RCTs) have also reported that pioglitazone improves 

liver histology, primarily steatohepatitis, in patients with biopsy-proven NASH with,81,86–88 

or without80,86–88 T2D. In a meta-analysis of thiazolidinedione studies, regardless of the 

presence of T2D, thiazolidinedione treatment was associated with resolution of NASH (odds 

ratio, 3.22; 95% CI, 2.17–4.79; P < .001) and reversal of advanced fibrosis (odds ratio, 3.15; 

95% CI, 1.25–7.93; P = .01), but also with an average weight gain of 2.7%.89 Based on these 

studies, several clinical practice guidelines61,72–74 recognize the efficacy of pioglitazone for 

treating patients with NASH, although larger and long-term studies (beyond 3 years) are still 

needed.87 Pioglitazone reduces the risk of cardiovascular events,90–92 significantly prevents 

progression from prediabetes to diabetes,92,93 and promotes the redistribution of adipose 

tissue away from metabolically harmful visceral depots towards subcutaneous fat.94,95 

Weight gain can be prevented with nutritional counseling or by combining pioglitazone 

with SGLT2 inhibitors96 or GLP-1RAs.97

Kanwal et al. Page 10

Gastroenterology. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The efficacy of other diabetes medications for treating NASH is overall modest.77 In 

RCTs, metformin has no major effect on steatohepatitis.61,72–74,98 However, several cohort 

and case-control studies suggest that biguanides may be associated with a lower risk of 

HCC.99 Uncontrolled studies have also suggested a modest effect of dipeptidyl peptidase IV 

inhibitors on steatosis, but RCTs have been consistently negative.75,83 Sulfonylureas have 

not been carefully tested in NAFLD, but are believed to have neutral effects, and insulin 

therapy reduces steatosis but its effect on liver histology remains unknown.75,77 Among 

SGLT2 inhibitors, RCTs100–102 with dapagliflozin, canagliflozin, and empagliflozin have 

reported a placebo-subtracted reduction in steatosis (by imaging) of approximately 20%, but 

their effect on liver histology remains unknown as well.103

In high-risk patients, we recommend following standards of care for managing diabetes 

and cardiovascular risk factors. When possible, preference should be given to diabetes 

medications with known efficacy in NASH (ie, GLP-1RAs and pioglitazone). Of note, 

pioglitazone is contraindicated in patients with decompensated cirrhosis, and GLP-1RAs 

appear safe overall but have not been widely tested in this setting. In addition, diabetes 

medications used to manage NASH can also help with associated comorbidities, such as 

congestive heart failure or chronic kidney disease, for which SGLT2 inhibitors have been 

particularly beneficial.75,78 Although diabetes medications have had a modest effect in 

reversing liver fibrosis in NASH, their cardiovascular benefit coupled with prevention of 

fibrosis progression can have a major impact on a patient’s overall long-term morbidity and 

mortality. Statins can be prescribed to patients with F2–F3 and Child A or B cirrhosis. A 

recent meta-analysis including 13 studies and 121,058 patients with chronic liver disease, 

of which nearly half were exposed to statins, associated statin use in patients with cirrhosis 

with a 46% reduction in hepatic decompensation (hazard ratio, 0.54; 95% CI, 0.46–0.62) 

and 46% lower mortality (hazard ratio, 0.54; 95% CI, 0.47–0.61).98 However, statins 

do not appear to extend the survival of patients with Child class C cirrhosis,104 and 

because data in patients with decompensated cirrhosis remain limited, use in these patients 

should be avoided. There is no safe threshold for alcohol intake in patients with advanced 

fibrosis.61,105

Management of Nonalcoholic Fatty Liver Disease in Patients at 

Indeterminate Risk of Advanced Fibrosis

An estimated 30%–40% of patients screened based on Steps 1–4 will have an indeterminate 

risk of having clinically significant liver fibrosis,1,2,50–53 defined as having an FIB-4 score 

between ≥1.3 and 2.67 and/or an LSM between 8.0 and 12.0 kPa on transient elastography 

and who are unable or unwilling to obtain a liver biopsy (Figure 3). In general, and 

given that some patients in this group would be at high risk, the management of patients 

at indeterminate risk may benefit from a similar approach to patients at high risk of 

advanced fibrosis. We also recommend further workup and efforts to confirm the stage 

of hepatic fibrosis. In some cases, proprietary plasma biomarker tests for fibrosis staging 

or additional imaging-based fibrosis measurement (ie, MRE) studies may be used to guide 

patient care (Figure 3). In addition, and as with all risk groups, appropriate physician–
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patient communication should guide shared decision making, together with referral to the 

hepatologist and care by a multidisciplinary team.

As with both low- and high-risk patients discussed earlier, lifestyle modification is key 

to successful long-term management of patients at indeterminate risk, with weight loss 

recommended if patients are overweight or obese. Managing NAFLD in this group should 

be highly indi vidualized, ideally based on further workup and efforts to confirm the 

diagnosis of NASH and stage of hepatic fibrosis. Depending on the severity of NASH 

fibrosis, as well as cardiometabolic risk factors, we recommend that clinicians educate 

patients on improving lifestyle habits and deciding on the need for structured weight-loss 

programs, anti-obesity medications, or bariatric surgery. Diabetes medications with RCT-

proven efficacy on liver histology in NASH (ie, pioglitazone or GLP-1RAs) should be 

preferred for diabetes care.103 SGLT2 inhibitors are being increasingly prescribed for 

patients with T2D and appear promising for those with NASH and cardiometabolic risk 

factors, but we await controlled studies on their effects on liver histology. In patients without 

diabetes, we recommend the patient and physician should decide the best management 

strategy, as outlined in Figure 3. Vitamin E improves steatohepatitis in patients with NASH 

without diabetes,80 but more evidence is needed regarding its efficacy in patients with 

T2D.81 RCTs involving pioglitazone,80,86–88 liraglutide,84 and semaglutide85 have reported 

histologic improvement in patients with NASH without diabetes, but these treatments 

are currently not US Food and Drug Administration–approved for treating patients with 

NASH, although liraglutide and semaglutide are approved for the treatment of obesity. 

Novel selective peroxisome proliferator–activated receptor–gamma modulators currently in 

development in humans promise to retain efficacy similar to pioglitazone with potentially 

fewer adverse effects.106

A liver biopsy is currently the only reliable means to diagnose NASH and is the reference 

standard for fibrosis staging. However, liver biopsy may not be feasible to obtain in a 

significant number of patients. We recommend further workup and efforts to confirm the 

stage of hepatic fibrosis. In some cases, proprietary plasma biomarker tests for fibrosis 

staging or additional imaging-based fibrosis measurement (ie, MRE) studies may be used to 

guide patient care (Figure 3).

Summary

Clinical Care Pathways with careful explication of each step in the screening, diagnosis, 

and treatment have been shown to improve the quality of health care delivery in other areas 

of medicine, are crucial to addressing the often inconsistent care processes characterizing 

current approaches to NAFLD/NASH. The NAFLD/NASH Clinical Care Pathway presented 

in this article was assembled by an expert multidisciplinary team representing multiple 

societies who were tasked with gathering all available data and assembling it in an 

easily accessible format relevant to clinicians from a wide variety of practices, including 

frontline providers. Although we recognize that knowledge is continuing to evolve and that 

recommendations may change accordingly over time, we believe this Pathway provides 

accessible, standardized, evidence-based, timely, and testable recommendations that will 
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allow clinicians to care for a rapidly growing population of patients, most of whom are 

managed in primary care or endocrine clinics.
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Abbreviations used in this paper:

CI confidence interval

FIB-4 Fibrosis-4

GLP-1RA glucagon-like peptide 1 receptor agonist

HCC hepatocellular cancer

LSM liver stiffness measurement

MRE magnetic resonance elastography

NAFLD nonalcoholic fatty liver disease

NASH nonalcoholic steatohepatitis

NIT novel imaging technique

RCT randomized controlled trial

SGLT2 sodium-glucose co-transporter-2

T2D type 2 diabetes

VCTE vibration controlled transient elastography
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Figure 1. 
Screening for advanced fibrosis related to NAFLD/NASH.
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Figure 2. 
Evaluate for other forms of liver disease.
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Figure 3. 
Management of NAFLD/NASH.
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