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ABSTRACT
Nonalcoholic Fatty Liver Disease (NAFLD) is the most common liver disease that affects a quarter of the global

population. Fibrosis is the only histological feature associated with liver-related events. The clinical challenge of

endocrinologists and primary care practitioners is to screen for patients likely to have significant fibrosis (≥ F2), from

a patient population that has a lower prevalence of advanced fibrosis, and therefore the screening tests are penalized

with lower positive predictive values9. Most of the patients with NAFLD can remain in the primary care setting while

a selected subset benefits from referral. FIB-4 can identify patients with baseline advanced fibrosis and future liver-

related events. FIB-4 and VCTE combination has been shown to sequentially risk stratify patients based on the risk of

advanced fibrosis. Despite the available tools and society guidelines, there is a lack of disease awareness among

patients and primary care practitioners leading to reduced referrals of high-risk patients to hepatology and over-

referral of low-risk patients.
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INTRODUCTION
Nonalcoholic Fatty Liver Disease (NAFLD) is the most common 
liver disease that affects a quarter of the global population [1]. 
The disease spectrum includes patients with and without 
steatohepatitis (AKA nonalcoholic steato hepatitis or NASH), as 
well as with and without significant fibrosis (i.e. stage 2, F2). The 
prevalence of NAFLD is projected to increase in the coming 
years due to the increasing prevalence of obesity, diabesity, and 
metabolic syndrome. Only a minority of patients with NAFLD 
eventually develop end-stage liver disease and hepatocellular 
carcinoma. Fibrosis is the only histological feature associated 
with liver-related events, specific mortality, and all-cause 
mortality is increased [2], even after adjustment for 
steatohepatitis [3,4]. Baseline fibrosis is also the most important 
risk factor for fibrosis progression [5]. Steatohepatitis remains a 
relevant histological factor because it also affects fibrosis 
progression and is often an inclusion criterion for NASH clinical 
trials. The prevalence of advanced fibrosis is estimated to be 3.2 
in the general population, and 1.7% among patients with NAFLD

[6,7]. The prevalence of NAFLD is up to 70% and advanced 
fibrosis up to 9% in patients with type 2 diabetes (T2D) in 
primary care and diabetes clinics [8].

The clinical challenge of hepatologists is to identify selected 
NAFLD patients with significant fibrosis (≥ F2). Patients may 
benefit from intensive lifestyle modifications, pharmacotherapy 
for weight loss, bariatric surgery, certain classes of diabetes 
medications, and clinical trial enrollment. Patients with 
advanced fibrosis (≥ F3) and cirrhosis (F4) may additionally 
benefit from ultrasound for hepatocellular carcinoma 
surveillance and endoscopy for esophageal varices prevention. 
The clinical challenge of endocrinologists and primary care 
practitioners is to screen for patients likely to have significant 
fibrosis (≥ F2), from a patient population that has a lower 
prevalence of advanced fibrosis, and therefore the screening tests 
are penalized with lower positive predictive values [9]. Most of 
the patients with NAFLD can remain in the primary care setting 
while a selected subset benefits from referral. Some 
endocrinologists and primary care practitioner offices may not have
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and EASL guidelines have subtle differences in the referral 
algorithm [17,19]. Both guidelines promote FIB-4 as the first-
line screening for risk stratification. The prevalence of 
advanced fibrosis is low in a primary care setting as such; the 
widely available, least expensive FIB-4 is the most appropriate 
initial test [9]. Patients with low-risk FIB-4 can remain in the 
primary care setting. According to the AASLD guideline, 
patients with intermediate-risk FIB-4 (1.3-2.27) should be further 
risk stratified by VCTE or ELF. Patients should be referred to 
hepatology if VCTE and ELF are not available, VCTE >8k pa or 
ELF >7.7, or FIB-4 >2.67. The EASL guideline differs in those 
patients with FIB-4 >1.30 is to be referred to have VCTE before 
or after referral to hepatology according to local availability.

Despite the high prevalence of NAFLD patients, there is a lack 
of disease awareness among patients and primary care 
practitioners leading to reduced referrals to hepatology. Fewer 
than 5% of people with NAFLD are aware of their disease 
compared to other chronic liver diseases such as viral hepatitis 
[20]. In a global survey of over 2200 physicians recently, the 
greatest knowledge gap among endocrinologist and primary care 
practitioners are in epidemiology and diagnostics of NAFLD 
[21]. Another survey of 751 clinicians including primary care 
practitioners indicated that the most significant knowledge gap 
is the underestimation of the prevalence of MAFLD in patients 
with T2D [22]. As a result, only 10% of patients are referred to a 
specialist and early intervention opportunity is missed [23].

DISCUSSION
We have recently demonstrated that the majority of patients 
referred to hepatology for evaluation of NAFLD are of low-risk 
FIB-4, and the vast majority of patients with high-risk FIB-4 have 
not been referred [24]. We analyzed 2174 patients with FIB-4
>3.25 and T2D who had visited the internal medicine, family 
medicine, and endocrinology clinic. Only 290 (13.3%) were 
referred to the hepatology clinic before their initial hepatic 
decompensation. Notably, the referred patients had the same 
rate of biochemical decompensation, but a substantially higher 
rate of diagnosis in cirrhosis and cirrhosis complications, 
including ascites, hepatic encephalopathy, and liver cancer. The 
referred patients had a lower overall mortality risk. We speculate 
that the survival difference is due to the increased recognition of 
cirrhosis and cirrhosis complications in the referred populations 
[24]. In addition, we also noticed that half of the referrals that 
we received in the hepatology clinic are of low-risk FIB-4. Our 
study is echoed by a real-world community study in Spain [25]. 
Only 1.6% of patients had FIB-4 in the high risk (>3.25) 
category, and most are not recognized by physicians. A large 
portion of those patients has evidence of advanced fibrosis.

We are still placing too much emphasis on standard Liver 
Function Tests (LFTs) [26]. LFTs do not correlate with the 
severity of liver disease. The prevalence of clinically significant 
liver disease including cirrhosis has been described by at least 19 
studies [27]. Simple NITs (i.e. NFS, FIB-4) are as accurate in 
patients with normal vs. elevated LFTs. Despite this, primary 
care physicians continue to rely on LFTs to determine candidacy 
for hepatology referral. This is a reason for the over-referral of
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access to ordering Enhanced Liver Fibrosis (ELF) and Vibration-
Controlled Transient Elastography (VCTE) which poses 
additional challenges.

Noninvasive Tests (NITs) are available clinical decision aids to 
identify patients at risk for advanced fibrosis. These include the 
NAFLD Fibrosis Score (NFS), Fibrosis-4 (FIB-4) indexes, various 
elastography methodologies, and the ELF. The FIB-4 and ELF 
are the most widely used serum marker while the VCTE is the 
most widely adopted elastography method [9].

LITERATURE REVIEW

NFS and FIB-4 can identify patients with baseline advanced 
fibrosis and future liver-related events [10]. However, both have 
limitations in younger patients and patients with T2D [11]. A 
higher cut point of 2.0 for those <65 has often been used. Non-
invasive tests can be combined to better stratify patients based on 
their risk of advanced fibrosis. FIB-4+VCTE and FIB-4+ELF 
strategies have been developed to identify future liver-related 
events [12,13]. In a prospective longitudinal study in the United 
Kingdom, a 2-step algorithm of FIB-4 followed by ELF testing 
was introduced. ELF testing is only required given intermediate 
risk FIB-4 (1.30–3.25). Patients are referred to hepatology if ELF 
is intermediate to high risk (>9.5) or FIB-4 is high risk (≥ 3.25). 
This approach detected 5 times more cases of advanced fibrosis 
and cirrhosis while reducing unnecessary referrals to hepatology 
by 81%. Performing ELF in patients with intermediate FIB-4 
identified 84% of patients subsequently found to have advanced 
fibrosis or cirrhosis.

In a large cross-sectional study of patients with biopsy-proven 
NASH, FIB-4 and VCTE combination has been shown to 
sequentially risk stratify patients based on risk of advanced 
fibrosis [14]. Another multicenter study aimed to evaluate the 
prognostic accuracy of FIB-4 and VCTE combination for the 
prediction of liver-related events in NAFLD. VCTE is used as a 
second step to stratify patients with FIB-4 ≥ 1.30. Patients with 
FIB-4 <1.3 or VCTE <8.0 have the lowest risk (HR1.0, 
reference), followed by VCTE 8.0 - 12.0 (HR3.8, increased risk), 
and VCTE >12.0 (HR12.4, high risk).

Moving into the near future, machine learning using a random 
forest model with 17 commonly available laboratory biomarkers, 
has recently been shown to be superior to FIB-4 and VCTE in 
identifying advanced fibrosis [15]. Translating a random forest 
model, which are the consensus votes of 100–500 decision trees, 
into a website calculator, remains a technical challenge.

Clinical societies have provided guidelines on the use of NITs to 
screen for advanced fibrosis. While the previous version of the 
American Association for the Study of Liver Diseases (AASLD) 
guideline in 2018 had some revisions over which population to 
screen for advanced fibrosis, a recent revision in 2022, along 
with the European Association for the Study of the Liver 
(EASL), European Association for the Study of Diabetes 
(EASD), European Association for the Study of Obesity (EASO) 
guideline of 2016, and the EASL guideline on NITs updates in 
2021, all agreed that screening for advanced fibrosis in patients 
age >50, T2D, and metabolic syndrome is indicated [16-19]. A 
normal liver enzyme should not preclude screening for advanced 
fibrosis. After initiation of advanced fibrosis screening, the AASLD
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the low-risk populations and under-referral of the high-risk
populations. Therefore, our screening strategy for advanced
fibrosis should deemphasize LFTs and emphasize underlying
metabolic risk factors (i.e. T2D, metabolic syndrome).

CONCLUSION
In summary, while MAFLD is a very common liver condition,
only selected patients with advanced fibrosis are at risk for the
liver-related outcome. Despite the disease prevalence, is a lack of
disease awareness among patients and providers. There is often a
false reassurance of normal liver enzymes. Patients with
metabolic risk factors should be screened for advanced fibrosis,
regardless of whether the liver enzyme is elevated or not. The
least expensive and widely available FIB-4 should be the first
step. Low-risk FIB-4 patients can be managed by primary care
practitioners. Intermediate risk and high-risk patients can be
further risk stratified by ELF, VCTE, or referred based on local
availability. With limited resources, we simultaneously suffer
from over-referral of the low-risk populations and under-referral
of the high-risk populations.

REFERENCES
1. Younossi ZM, Koenig AB, Abdelatif D. Global epidemiology of

nonalcoholic fatty liver disease-Meta-analytic assessment of prevalence,
incidence, and outcomes. Hepatol. 2016;64:73-84.

2. Sanyal AJ, Van Natta ML, Clark J. Prospective study of outcomes in
adults with nonalcoholic fatty liver disease. N Engl J Med.
2021;385:1559-1569.

3. Taylor RS, Taylor RJ, Bayliss S, Hagström H, Nasr P, Schattenberg
JM, et al. Association between fibrosis stage and outcomes of patients
with nonalcoholic fatty liver disease: a systematic review and meta-
analysis. Gastroenterol. 2020;158(6):1611-1625.

4. Angulo P, Kleiner DE, Dam-Larsen S, Adams LA, Bjornsson ES,
Charatcharoenwitthaya P, et al. Liver fibrosis, but no other histologic
features, is associated with long-term outcomes of patients with
nonalcoholic fatty liver disease. Gastroenterol. 2015;149(2):389-397.

5. Kleiner DE, Brunt EM, Wilson LA, Behling C, Guy C, Contos M,
et al. Association of histologic disease activity with progression of
nonalcoholic fatty liver disease. JAMA Netw Open.
2019;2(10):e1912565.

6. Kim D, Kim WR, Kim HJ, Therneau TM. Association between
noninvasive fibrosis markers and mortality among adults with
nonalcoholic fatty liver disease in the United States. Hepatol.
2013;57(4):1357-1365.

7. Golabi P, Paik JM, Herring M, Younossi E, Kabbara K, Younossi
ZM. Prevalence of high and moderate risk nonalcoholic fatty liver
disease among adults in the United States, 1999–2016. Clini
Gastroenterol and Hepatol. 2021.

8. Lomonaco R, Godinez Leiva E, Bril F, Shrestha S, Mansour L,
Budd J, et al. Advanced liver fibrosis is common in patients with type
2 diabetes followed in the outpatient setting: the need for systematic
screening. Diabetes Care. 202;44(2):399-406.

9. Anstee QM, Castera L, Loomba R. Impact of non-invasive
biomarkers on hepatology practice: Past, present, and future. J
Hepatol. 2022;76:1362-1378.

10. Angulo P, Bugianesi E, Bjornsson ES, Charatcharoenwitthaya P,
Mills PR, Barrera F, et al. Simple noninvasive systems predict long-
term outcomes of patients with nonalcoholic fatty liver disease.
Gastroenterol. 2013;145(4):782-789.

11. Ito T, Nguyen VH, Tanaka T. Poor diagnostic efficacy of noninvasive
tests for advanced fibrosis in obese or younger than 60 diabetic nafld
patients. Clin Gastroenterol Hepatol 2022.

12. Srivastava A, Gailer R, Tanwar S, Trembling P, Parkes J, Rodger A,
et al. Prospective evaluation of a primary care referral pathway for
patients with non-alcoholic fatty liver disease. J Hepatol. 2019;71(2):
371-378.

13. Boursier J, Hagström H, Ekstedt M, Moreau C, Bonacci M, Cure
S, et al. Non-invasive tests accurately stratify patients with NAFLD
based on their risk of liver-related events. J Hepatol. 2022;76(5):
1013-1020.

14. Boursier J, Guillaume M, Leroy V. New sequential combinations of
non-invasive fibrosis tests provide an accurate diagnosis of advanced
fibrosis in NAFLD. J Hepatol. 2019;71:389-396.

15. Chang D, Truong E, Mena EA, Pacheco F, Wong M, Guindi M, et
al. Machine learning models are superior to non‐invasive tests in
identifying clinically significant stages of nafld and nafld‐related
cirrhosis. Hepatol. 2022.

16. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella
M, et al. The diagnosis and management of nonalcoholic fatty liver
disease: practice guidance from the American Association for the
Study of Liver Diseases. Hepatol. 2018;67(1):328-357.

17. Cusi K, Isaacs S, Barb D. American Association of Clinical
Endocrinology Clinical Practice Guideline for the Diagnosis and
Management of Nonalcoholic Fatty Liver Disease in Primary Care and
Endocrinology Clinical Settings: Co-Sponsored by the American
Association for the Study of Liver Diseases (AASLD). Endocr Pract.
2022;28:528-562.

18. European Association for the Study of the L, European Association
for the Study of D, European Association for the Study of O. EASL-
EASD-EASO Clinical Practice Guidelines for the management of non-
alcoholic fatty liver disease. J Hepatol. 2016;64:1388-1402.

19. European Association for the Study of the Liver. Electronic address
eee, Clinical Practice Guideline P, Chair, et al. EASL Clinical Practice
Guidelines on non-invasive tests for evaluation of liver disease severity
and prognosis - 2021 update. J Hepatol. 2021;75:659-689.

20. Alqahtani SA, Paik JM, Biswas R. Poor awareness of liver disease
among adults with NAFLD in the United States. Hepatol Commun.
2021;5:1833-1847.

21. Younossi ZM, Ong JP, Takahashi H, Yilmaz Y, Eguchi Y, El Kassas
M, et al. A global survey of physicians knowledge about nonalcoholic
fatty liver disease. Clini Gastroenterol and Hepatol. 2022 ;
20(6):e1456-468.

22. Kanwal F, Shubrook JH, Younossi Z, Natarajan Y, Bugianesi E,
Rinella ME, et al. Preparing for the NASH epidemic: a call to action.
Metabolism. 2021;122: 2162-2172.

23. Blais P, Husain N, Kramer JR. Nonalcoholic fatty liver disease is
underrecognized in the primary care setting. Am J Gastroenterol.
2015;110:10-14.

24. Dunn W, Song X, Koestler D, Grdinovac K, Al‐hihi E, Chen GJ,
et al. Patients with type 2 diabetes and elevated fibrosis-4 are under-
referred to hepatology and have unrecognized hepatic
decompensation. J Gastroenterol Hepatol. 2022.

25. Blanco-Grau A, Gabriel-Medina P, Rodriguez-Algarra F, Villena Y,
Lopez-Martínez R, Augustín S, et al. Assessing liver fibrosis using the
fib4 index in the community setting. Diagnostics. 2021;11(12):2236.

26. Armstrong MJ, Marchesini G. Referral pathways for NAFLD fibrosis
in primary care - No longer a 'needle in a haystack'. J Hepatol.
2019;71:246-248.

27. Harris R, Harman DJ, Card TR, Aithal GP, Guha IN. Prevalence
of clinically significant liver disease within the general population, as
defined by non-invasive markers of liver fibrosis: a systematic review.
Lancet. Gastroenterol Hepatol 2017;2:288-297.

Ailawadi S, et al.

J Liver, Vol.11 Iss.4 No:1000140 3

https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.28431
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.28431
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.28431
https://www.nejm.org/doi/10.1056/NEJMoa2029349
https://www.nejm.org/doi/10.1056/NEJMoa2029349
https://www.sciencedirect.com/science/article/pii/S0016508520301372?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0016508520301372?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0016508520301372?via%3Dihub
https://linkinghub.elsevier.com/retrieve/pii/S0016508515005995
https://linkinghub.elsevier.com/retrieve/pii/S0016508515005995
https://linkinghub.elsevier.com/retrieve/pii/S0016508515005995
https://jamanetwork.com/crawlprevention/governor?content=%2fjournals%2fjamanetworkopen%2ffullarticle%2f2752351
https://jamanetwork.com/crawlprevention/governor?content=%2fjournals%2fjamanetworkopen%2ffullarticle%2f2752351
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.26156
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.26156
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.26156
https://www.sciencedirect.com/science/article/abs/pii/S1542356521013392?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1542356521013392?via%3Dihub
https://diabetesjournals.org/care/article/44/2/399/35513/Advanced-Liver-Fibrosis-Is-Common-in-Patients-With
https://diabetesjournals.org/care/article/44/2/399/35513/Advanced-Liver-Fibrosis-Is-Common-in-Patients-With
https://diabetesjournals.org/care/article/44/2/399/35513/Advanced-Liver-Fibrosis-Is-Common-in-Patients-With
https://www.journal-of-hepatology.eu/article/S0168-8278(22)00200-8/fulltext
https://www.journal-of-hepatology.eu/article/S0168-8278(22)00200-8/fulltext
https://www.gastrojournal.org/article/S0016-5085(13)01012-3/fulltext?referrer=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F
https://www.gastrojournal.org/article/S0016-5085(13)01012-3/fulltext?referrer=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F
https://linkinghub.elsevier.com/retrieve/pii/S1542356522005250
https://linkinghub.elsevier.com/retrieve/pii/S1542356522005250
https://linkinghub.elsevier.com/retrieve/pii/S1542356522005250
https://www.sciencedirect.com/science/article/pii/S0168827819302272?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168827819302272?via%3Dihub
https://www.journal-of-hepatology.eu/article/S0168-8278(22)00002-2/fulltext
https://www.journal-of-hepatology.eu/article/S0168-8278(22)00002-2/fulltext
https://www.sciencedirect.com/science/article/abs/pii/S0168827819302843?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168827819302843?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168827819302843?via%3Dihub
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.32655
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.32655
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.32655
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.29367
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.29367
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.29367
https://www.sciencedirect.com/science/article/pii/S1530891X22000908?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1530891X22000908?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1530891X22000908?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1530891X22000908?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1530891X22000908?via%3Dihub
https://linkinghub.elsevier.com/retrieve/pii/S0168827815007345
https://linkinghub.elsevier.com/retrieve/pii/S0168827815007345
https://linkinghub.elsevier.com/retrieve/pii/S0168827815007345
https://linkinghub.elsevier.com/retrieve/pii/S0168827815007345
https://linkinghub.elsevier.com/retrieve/pii/S0168827821003986
https://linkinghub.elsevier.com/retrieve/pii/S0168827821003986
https://linkinghub.elsevier.com/retrieve/pii/S0168827821003986
https://linkinghub.elsevier.com/retrieve/pii/S0168827821003986
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep4.1765
https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep4.1765
https://www.sciencedirect.com/science/article/abs/pii/S1542356521007199?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1542356521007199?via%3Dihub
https://diabetesjournals.org/care/article/44/9/2162/138874/Preparing-for-the-NASH-Epidemic-A-Call-to-Action
https://journals.lww.com/ajg/Abstract/2015/01000/Nonalcoholic_Fatty_Liver_Disease_is.4.aspx
https://journals.lww.com/ajg/Abstract/2015/01000/Nonalcoholic_Fatty_Liver_Disease_is.4.aspx
https://onlinelibrary.wiley.com/doi/10.1111/jgh.15900
https://onlinelibrary.wiley.com/doi/10.1111/jgh.15900
https://onlinelibrary.wiley.com/doi/10.1111/jgh.15900
https://www.mdpi.com/2075-4418/11/12/2236
https://www.mdpi.com/2075-4418/11/12/2236
https://linkinghub.elsevier.com/retrieve/pii/S0168827819302934
https://linkinghub.elsevier.com/retrieve/pii/S0168827819302934
https://linkinghub.elsevier.com/retrieve/pii/S2468125316302059
https://linkinghub.elsevier.com/retrieve/pii/S2468125316302059
https://linkinghub.elsevier.com/retrieve/pii/S2468125316302059

	Contents
	Referral of Intermediate and High-Risk Non-Alcoholic Fatty Liver Disease Patients to Hepatology Based on Noninvasive Tests
	ABSTRACT
	INTRODUCTION
	DISCUSSION
	CONCLUSION
	REFERENCES




