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Abstract

BACKGROUND

There is an urgent need to risk stratify patients with suspected nonalcoholic fatty liver
disease (NAFLD) and identify those with fibrotic nonalcoholic steatohepatitis (NASH).
This study aims to apply a simple diagnostic algorithm to identify subjects with at-risk

NAFLD in the general population.

AIM
This study aims to apply a simple diagnostic algorithm to identify subjects with at-risk

NAFLD in the general population.

METHODS

Adult subjects were included from the National Health and Nutrition Examination
Survey (NHANES) database (2017-2018) if they had elevated ALT and excluded if they
had evidence of viral hepatitis or significant alcohol consumption. A FIB4 cutoff of 1.3
differentiated patients with low risk vs high risk disease. If patients had FIB4 >1.3, a
FAST score <0.35 ruled out advanced fibrosis. Patients with FAST > 0.35 were referred

to a specialist. The same algorithm was applied to subjects with T2DM.




RESULTS

3, 669 patients were identified who met all inclusion and exclusion criteria. From this
cohort, 911 (28.6%) patients had elevated ALT of which 236 (22.9%) patients had
elevated FIB4 scores 21.3. Among patients with elevated FIB4 score, 75 (24.4%) had
elevated FAST scores, ruling in advanced fibrosis. This accounts for 2.0% of the overall
study population. Applying this algorithm to 737 patients with T2DM, 213 (35.4%)
patients had elevated ALT, 85 (37.9%) had elevated FIB4, and 42 (46.1%) had elevated
FAST scores. This accounts for 5.7% of the population with T2DM.

CONCLUSION
The application of this algorithm to identify at-risk NAFLD patients in need for
specialty care is feasible and demonstrates that the vast majority of patients do not need

subspecialty referral for NAFLD.

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) undoubtedly presents a significant
public health crisis in the coming years. The estimated global prevalence of NAFLD is
about 25% with higher prevalence in middle-aged American adults at 38% (1,2). As
projected by Census.gov, the population of the United States is expected to surpass 350
million by 2030 (3). While the demand will continue to increase for specialty referral, it
is likely that the triaging of these patients into low-risk and high-risk will increasingly
fall on the shoulders of primary care physicians (PCPs).

NAFLD has a spectrum ranging from nonalcoholic fatty liver (NAFL) or simple
steatosis to nonalcoholic steatohepatitis (NASH) which is characterized by hepatic
inflammation and hepatocyte ballooning leading to progressive fibrosis (F1-F3) and
eventually cirrhosis (F4) (4-7). Several studies have shown that patients with NASH
and significant fibrosis (°F2) have increased risk for developing major adverse liver

outcomes (MALO) such as ascites, encephalopathy, and variceal bleeding (8,9).




There are several different methods for determining the presence and severity of
NAFLD in the general and at-risk population. Checking alanine aminotransferase (ALT)
levels has been recommended by several professional societies as a simple screening
tool for NAFLD in at-risk populations such as those with metabolic syndrome and type
2 diabetes (T2DM) (10){, 2016 #538}{, 2016 #538}. The fibrosis-4 (FIB4) index was
developed and validated to identify patients with advanced fibrosis. Its use has been
validated in patients with NAFLD; however, there has been some debate about the
optimal cutoff (11-13). By choosing a cutoff of 1.3 to differentiate low risk from high
risk patients, our aim was to optimize the sensitivity to ensure patients with advanced
fibrosis are not excluded prematurely. This cutoff point has been validated in patients
with NAFLD and NASH and is generally regarded as the optimal benchmark for ruling
out patients who are low risk for NASH (14,15).

Vibration controlled transient elastography (VCTE) is a more direct measure of
liver stiffnegs. In a validation cohort of nearly 400 patients, VCTE performed well in
identifying patients with advanced fibrosis and cirrhosis with areas under the receiver
operating curve (AUROCs) of 0.83 and 0.93, respectively (16). Measuring the liver
stiffness measure (LSM) and controlled attenuated parameter (CAP), VCTE or
FibroScan® is a relatively inexpensive way to identify patients at risk for advanced liver
disease. The FAST score, which is calculated from combining LSM, CAP and aspartate
aminotransferase (AST) data, is a noninvasive metric that has improved sensitivity and
specificity compared to FibroScan® alone in terms of identifying patients with NASH
and fibrosis stage F2 or higher (at-risk NAFLD). In a validation cohort, the cutoff of 0.35
was chosen for its 90% sensitivity in identifying at-risk NAFLD patients (17).

Given that this disease process can take several decades to become clinically
significant and that there is significant phenotypic variation, identifying patients who
may qualify for therapeutic interventions has become increasingly important. Often,
patients are referred to hepatology after their disease has progressed to cirrhosis when
there is more limited opportunity to reverse disease course compared to earlier therapy.

Conversely, patients can be referred for evaluation extremely early in their disease




course at which point they are not candidates for pharmacologic therapy. Currently,
there are no FDA-approved therapies for NAFLD or NASH. However, patients with
advanced or bridging fibrosis (F2-F3) and cirrhosis (F4) are the targets for several
ongoing clinical trials (18). Catching patients in this therapeutic window presents a
significant obstacle in the efficacious management of NASH. Presently, there are no
unifying diagnostic algorithms to help these providers differentiate between which
patients need referral to hepatology. Several algorithms that combined serologic tests
and VCTE have been proposed but their implications for the US healthcare system in
terms of resource utilization and need for specialty providers have not been
evaluated. The aim of this study was to assess the application of a simple diagnostic
algorithm that combined ALT, FIB4 and the FAST score to identify subjects with at-risk
NAFLD in the US general population and in those with T2DM.

MATERIALS AND METHODS
Database
The National Health and Nutrition Examination Survey (NHANES) is a

deidentified database created in partnership with the Center for Disease Control and
Prevention (CDC). This database catalogs patient information from patient-completed
surveys and objective medical data obtained from physical exams. In addition to
demographic, socioeconomic, dietary, and health-related questions, the NHANES
database also contains medical, dental, physiologic, and laboratory
measurements (19).

Definitions and Inclusion Criteria

We identified all adult subjects from the NHANES database between 2017 and
2018 who had valid VCTE data. Patients were excluded if they had any history or
evidence of viral hepatitis (B or C), or significant alcohol consumption as defined by an
average of =2 alcoholic beverages per day in men and 21 alcoholic beverage in women.
Elevated ALT was defined as having values >19 IU/L in women and >30 IU/L in men.

Statistical Analysis




Patients were considered for be at risk for NAFLD if they had elevated ALT score
(>19 U/L for female and > 30 U/L for male) in the absence of excessive alcohol
consumption or viral hepatitis. FIB4 scores were calculated on all patients. Those with
FIB4<1.3 were deemed low-risk for at-risk NAFLD while those with FIB4 >1.3 were
subject to further evaluation with the FAST score. Subjects with a FAST score <0.35
were also deemed low risk. If patients had both an elevated FIB4 and elevated FAST
score, they were considered high risk for advanced liver disease and warranted further
evaluation by a specialist. The same algorithm was applied to patients with type 2
diabetes (T2DM). Appropriate survey weights were applied for all analyses which were
performed using Stata version 17 (StataCorp. 2021. Stata Statistical Software: Release 17.
College Station, TX: StataCorp LLC.).

RESULTS
Cohort Characteristics
A total of 9,254 patients were identified in the NHANES database between 2017
and 2018. From this list, 3,808 patients (41.1%) were excluded based on the
aforementioned exclusion criteria. Another 1,018 patients (11.0%) had not completed
transient elastography and 759 patients (8.2%) did not have satisfactory record of
alcohol consumption. The final study population included 3, 669 patients meeting all
inclusion and exclusion criteria. Among these patients, 737 patients (7.9%) had type 2
diabetes (Figure 1).
Applying the Diagnostic Algorithm to the Entire Cohort
In the overall study population, 911 patients (28.6%) had elevated ALT per our
inclusion criteria. Among these patients with elevated ALT, 236 patients (22.9%) had an
elevated FIB4 score 21.3. Among the 236 patients with an elevated FIB4 score, 75
patients (24.4%) had an elevated FAST score =0.35. This accounts for 2.0% of the overall
study population (Figure 2).
When comparing the patients at high risk for clinically significant NASH to their

low-risk counterparts, several variables were clinically significant. Patients with at-risk




NAFLD were more likely to be older (57.6% vs 47.3%, p<0.01), of male gender (71.6% vs
49.6%, p<0.01), obese (33.1% wvs 29.6%, p<0.01), and Higpanic (29.2% vs 16.6%, p<0.01).
When assessing their comorbidities, high risk patients were more likely to have T2DM
(55.7% wvs 14.1%, p<0.01) and hypertension (86.5% vs 45.2%, p<0.01). These data are
summarized in Table 1.

Applying the Diagnostic Algorithm to Diabetics

In the subset of 737 patients with T2DM, 213 patients (35.4%) had an elevated
ALT. Among these patients, 85 patients (37.9%) had an elevated FIB4 score 21.3. Among
these patients, 42 patients (46.1%) had an elevated FAST score. This accounyts for 5.7% of
the diabetes cohort (Figure 3) being in the category of at-risk NAFLD. Patients with
diabetes are nearly three times more likely to have fibrotic NASH compared to the
overall study population (OR 2.89 [1.96-4.26, p<0.01]).

Clinical parameters were similarly evaluated in the diabetes cohort and
compared between high risk and low risk patients. These data are summarized in Table
2. When compared to their low-risk counterparts, diabetic patients at high risk for
clinically significant NASH were not found to be significantly different in any
demographic category. In this cohort, high risk patients were found to have an elevated

GGT value compared to the low-risk patients (69.2 IU/L vs 34.6 IU/L, p<0.01).

DISCUSSION

The main findings of the current study are the following: 1) in a nationally
representative cohort of adult Americans, the implementation of a simple diagnostic
algorithm to identify patients with at-risk NAFLD (fibrotic NASH) in need for
pharmacologic intervention was feasible; 2) by using this algorithm, only 2% of the
general adult population and 6% of diabetics would have needed referral to a
subspecialist providing reassurance that the implementation of this algorithm on a large
scale will not lead to overwhelming subspecialists with unnecessary referrals.

Given a burdened healthcare system with significant logistic constraints, there is

room for improvement in the subspecialty referral process to gastroenterology and




hepatology for patients with NAFLD. These data add to a growing body of literature
that supports that the vast majority of patients who are referred require clinical
observation and serial monitoring. In a recent study of an Australian cohort, the authors
found that 75% of patients referred to hepatology had low risk of advanced fibrosis and
more than 2/3 (68%) of patients could be discharged back to their primary care or
referring physician(20).

Our approach provides a more nuanced method of screening and identifying
patients with NAFLD. In a survey of more than one hundred primary care physicians,
the vast majority (70%) reported they would be unlikely to refer a patient to hepatology
unless the patient had abnormal liver enzymes (21). In a survey of eleven laboratories, it
was found that the upper limit of normal for ALT values varied from 35 U/hto 79U/L
for men and 31 U/L to 55 U/L for women(22). Thus, our more sensitive cutoff of 30
U/L for men and 19 U/L for women could be misinterpreted as within normal range by
providers(23). The circumstance may arise where patients have elevated FAST scores,
but normal FIB-4 scores or vice versa. In these situations with equivocal findings in
which patients did not follow the stepwise algorithm, the authors would recommend
subspecialty referral for further risk stratification and diagnostics. This algorithm
provides a more effective method of triaging patients for subspecialty referral by
relying less on one sole biomarker. Rather, it employs a more comprehensive set of tools
for assessment that account for other liver specific variables better than transaminases
alone.

Notably, several demographic variables lost statistical significance in the cohort
of patients with T2DM, for which there may be several explanations. It’s possible that
our sample size was too small to achieve statistical significance, which necessitates
further investigation into this vulnerable population. However, it is more likely that
consistent with previous literature, insulin resistance and the associated T2DM is one of
the most significant independent risk factors for the development of NAFLD and

NASH(24-26). This association can make triaging patients with T2DM more challenging




in the clinical setting. Rather, clinicians should rely on objective metrics such as the FIB4
score and FibroScan® data to better understand these patients” disease states.

A significant challenge for PCPs, endocrinologists, and other non-liver providers
is likely access to FibroScan®. As a relatively new technology that has yet to become
ubiquitous both in awareness and availability, referring providers rely on subspecialists
to distinguish low-risk patients from high-risk patients and subsequently order the
appropriate diagnostic imaging. However, even in the absence of Fibroscan®,
meaningful triage can be accomplished with the FIB4 score. The FIB4 score is an
extremely cost-efficient starting point for providers that requires measurement of a
patient’s blood count and serum chemistry. The implementation of this inexpensive
screening modality alone would increase the specificity of referral for NAFLD
significantly.

In a recently published clinical care pathway, the authors generated a similar
pathway for categorizing patients at high risk for advanced fibrosis. Their pathway
starts with identifying patients at risk for NAFLD, including those with metabolic risk
factors, T2DM, or imaging that shows steatosis or fibrosis. Subsequently, these patients
are stratified into low, intermediate, or high risk based on FIB-4 cutoffs of <1.3, 1.3-2.67,
and >2.67 respectively. Low risk patients are referred back to their PCPs for clinical
observation, while high-risk patients are referred forward to hepatology. Intermediate
risk patients are recommended to undergo FibroScan® and are further stratified in to
low, intermediate, or high risk based on LSM cutoffs of <8, 8-12, and >12kPa. Both
intermediate and high-risk patients based on LSM value (>8kPa) are recommended for
referral to hepatology (27). The authors estimated that roughly 10% of patients in this
pathway will have high-risk disease. The implementation of our complementary
pathway showed that this may be a slight overestimate given that 2% of the genegal
population and 6% of diabetics were found to be high-risk based on our algorithm. To
our knowledge, this is the first study of its kind to implement this type of algorithm on

a large scale.




CONCLUSION

Due to a multitude of factors including indolent disease course and phenotypic
variation, identifying patients at high risk for advanced fibrosis presents a significant
challenge and leads to an excess of referrals to subspecialists. The creation and
implementation of a novel diagnostic algorithm that stratifies patients into low-risk and
high-risk demonstrates that less than 5% of the general population would need
subspecialty referral and the overwhelming majority of patients can be managed with
clinical observation and subsequent non-invasive testing by their primary care and

referring physicians.

ARTICLE HIGHLIGHTS

Research background
NAFLD presents a significant public health crisis to primary care physicians and
endocrinologists. This growing need necessitates a simple and efficient algorithm that

can streamline the process of subspecialty referral to hepatology.

Research motivation

More than half of all patients with NAFLD are at low risk for advanced fibrosis. Though
there are no FDA-approved agents for NASH presently, the efficient identification of
patients with NASH with advanced fibrosis will be paramount in the care of these

patients.

Research objectives
This study aims to create and enact a diagnostic algorithm for all patients with

suspected NAFLD to identify the patients at high risk for advanced fibrosis.

Research methods
Patients with suspected NAFLD were identified in the NHANES database who had

historical FibroScan data. FIB4 and FAST scores were calculated for these patients.




Those with FIB4 >1.3 and/or FAST score >0.67 were deemed high risk for advanced

fibrosis.

Research results

Of the 3,669 patients meeting the inclusion and exclusion criteria, only 75 patients had
both an elevated FIB4 and an elevated FAST score which represents roughly 2.0% of the
overall population. Among the 737 patients with type 2 diabetes mellitus, 42 patients
(5.1%) were found to have both elevated FIB4 and FAST scores.

Research conclusions

Given an overwhelming number of patients are referred to hepatology who are most
likely at low risk for advanced fibrosis, the utilization of this algorithm by referring
providers would help to streamline the process for referrals and eventually more

seamlessly identify patients at risk for advanced fibrosis who may need therapy for

NASH.

Research perspectives

As novel therapeutic agents are currently being studied in patients with NASH with
advanced fibrosis, the creation and implementation of a diagnostic algorithm to
efficiently identify patients needing therapy becomes increasingly important. Given the
wide range of noninvasive tests, this algorithmic approach using two popular tests
helps to capture patients at risk for advanced fibrosis while reassuring low-risk

patients.
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