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INTRODUCTION: Weaimed to identify high-risk nonalcoholic fatty liver disease (NAFLD) patients seen at the primary care

and endocrinology practices and link them to gastrohepatology care.

METHODS: Using the electronic health record, patients who either had the diagnosis of type 2diabetes or had2 of 3

other metabolic risk factors met criteria for inclusion in the study. Using noninvasive fibrosis tests

(NITs) to identify high risk of fibrosis, patients who met the NIT prespecified criteria were referred to

gastrohepatology for clinical assessment and transient elastography.

RESULTS: From 7,555 patients initially screened, 1707 (22.6%)met the inclusion criteria, 716 (42%) agreed to

enroll, and 184 (25.7%) met the prespecified NIT criteria and eligibility for linkage to GE-HEP where

103patients (6869 years of age, 50%men, 56%white) agreed to undergo linkage assessments. Their

NIT scores were APRI of 0.38 6 0.24, FIB-4 of 1.98 6 0.87, and NAFLD Fibrosis Score of 0.36 6
1.03; 68 (66%) linked patients had controlled attenuation parameter >248 dB/m, 62 (60%) had liver

stiffness <6 kPa, and 8 (8%) had liver stiffness >12 kPa. Liver stiffness for the overall group was 6.76
4.2 kPa, controlled attenuation parameter 282 6 64 dB/m, and FAST score 0.22 6 0.22. Linked

patients with presumed advanced fibrosis had significantly higher bodymass index (36.466.6 vs 31.2

66.4 kg/m2,P50.025) and higher NIT scores (APRI 0.8960.52 vs 0.3360.14, FIB-4 3.2162.06

vs 1.88 6 0.60, and NAFLD Fibrosis Score 1.58 6 1.33 vs 0.25 6 0.94).

DISCUSSION: By applying a simple prespecified multistep algorithm using electronic health record with clinical risk

factors and NITs followed by transient elastography, patients with nonalcoholic fatty liver disease seen

in PCP and ENDO practices can be easily identified.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A566.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most common cause
of chronic liver disease, affecting at least 25%of the general population
inmost regions of theworld (1,2). NAFLD is defined as at least 5% fat
deposition in thehepatic parenchyma in the absenceof other causes of
fatty liver or chronic liver disease (3,4). NAFLD is a heterogeneous
disease and includes nonalcoholic steatohepatitis (NASH) which re-
quires not only hepatic steatosis but also evidence of hepatocyte injury

such as hepatocyte ballooning (3,4). The spectrum of NAFLD is as-
sociated with components of metabolic syndrome, including obesity,
type 2 diabetes (T2DM), hypertension, and dyslipidemia (5). Al-
though the exact rates are not known, it has been suggested that
12%–20% of patients with NAFLD have underlying NASH with an
estimated prevalence of 1.5%–6.5% in the general population (2,6).

Theheterogeneity ofNAFLD is not only reflected in the spectrum
of histopathologic changes or the diversity of underlying its
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pathogenic pathways but also in terms of the progressiveness of the
subtypes of NAFLD. In this context, evidence suggests that NASH is
the subtype that can potentially progress to cirrhosis and its com-
plications. In fact, it is estimated that 15%–20% of patients with
NASH can progress to cirrhosis (1–7). Although a relatively small
proportion of patients with NAFLD are at risk of progressive liver
disease, all patients with NAFLD are at increased risk of cardiovas-
culardiseaseandassociatedmortality (8). Indeed, longitudinal studies
ofNAFLDhavedemonstrated an increase in both cardiovascular and
overall mortality (9,10). By contrast, increased liver-related mortality
seems to be limited to those with underlying NASH (9–15).

The enormous burden of NAFLD and NASH was recently
estimated by modeling study that suggested around 16.5 million
cases of NASH in the United States (7). In this context, the
published recent evidence supports this increasing burden. In
fact, NAFLD is now the main driver of cirrhosis, HCC, or being
listed for liver transplantation in the United States (16,17). In
addition, increasing data suggest that the future global burden of
liver disease is highly likely to be driven by NAFLD and its
complications (cirrhosis and HCC) (18,19).

As the understanding of the global burden of NAFLD grows,
factors that may predict adverse outcomes in NASH have been
examined. In this context, presence of T2DMis themost important
clinical driver of mortality in patients with NAFLD (11). NAFLD
patients with T2DM seem to have higher risk of mortality which is
independent of other clinical variables (11–13). In addition to the
clinical predictors ofmortality, histologic stage offibrosis indicated
by a liver biopsy has been shown to independently predicts liver-
related and all-cause mortality in NAFLD (9,10,14,15).

Despite the evidence supporting the growing burden of
NAFLD, identification of these patients and linking thosewho are
at high risk of adverse outcomes to preventative care and treat-
ment are lacking (20). This is especially important for patients
with metabolic syndrome who are commonly managed by pri-
mary care and endocrinology practices. In this context, screening
patients from primary care and endocrinology practices and
determining which patients with NAFLD are the highest risk of
adverse outcomewill be essential. As noted previously, the clinical
risk profile of patients such as presence of T2DM or other com-
ponents of metabolic syndrome and histologic stage of fibrosis
can provide some clues about patients with NAFLD who are at
risk of adverse outcomes (11–15,21). Despite the importance of
histologic stage of hepatic fibrosis, it is impractical to expect large
volumes of liver biopsies in the clinical practice. Given that,
replacing histologic staging with noninvasive tests (NITs) for fi-
brosis will be of great interest in the clinical practice (22–24).

Noninvasive tests for assessment of fibrosis in NAFLD can be
broadly categorized into serum biomarker-based scores and
imaging-based assessment of liver stiffness (24). Some of these
NITs can be easily calculated using routine clinical and laboratory
data (22,23). An important point-of-care imaging test to assess
liver stiffness is transient elastography (TE) (24). This technique
is being used by a large number of gastroenterology and hep-
atology practices to identify patients with NAFLDwho are at risk
of significant liver stiffness as a surrogate of hepatic fibrosis
(22–24). Although each single NIT has limited accuracy to risk
stratify patient with NAFLD, it is plausible that clinical profiles,
serumNITs, and TE can be used in combination to develop better
algorithms that can be implemented in real-world clinical prac-
tices to identify high-risk NAFLD patients. Therefore, the aim of
our study was to identify patients with NAFLD who are at the

highest risk of adverse outcomes and to link them to appropriate
care with the aim to optimize their clinical care and their ability to
have access to cutting edge monitoring and treatment protocols.

METHODS
Study population

We contacted affiliated primary care offices (PCP) and endocri-
nology outpatient offices (ENDO) to screen patients for risk of
NAFLD. A 2-step screening method was performed to identify
high-risk NAFLD patients and link them to gastroenterology and
hepatology (GE-HEP) clinics.

For the initial screening, study inclusion criteria required having
1 of the following: 1) presence of established T2DM and 1 other
component of metabolic syndrome (hypertension, hyperlipidemia,
or body mass index [BMI] . 29.9) or (ii) T2DM with elevated
aspartate aminotransferase (AST) or alanine aminotransaminase
(ALT) levels (1.53upper limit of normal) or historyof fatty liver by
any imaging modality; and 3) in the absence of established T2DM,
presence of 3 components of metabolic syndrome (hypertension,
hyperlipidemia, and BMI . 29.9). Main exclusion criteria were
other causes of chronic liver disease and inability/unwillingness to
provide consent.

Study staff, in conjunction with participating Endocrinology and
Primary Care practices, screened individuals for the inclusion/
exclusion criteria using their electronic medical record. All patients
whowere considered eligible for participationbasedon the screening
were confirmed by their respective primary providers. Patients were
then contacted and invited to participate by telephone. For those
who agreed to participate, inclusion/exclusion criteriawere reviewed
and institutional review board-approved phone consent was ad-
ministered. After informed consent, clinical and demographic data
were collected using a prespecified data collection form; collected
parameters included age, sex, ethnicity, BMI, comorbidities, and
laboratory results. Based on these data, NITs were used to determine
high-risk patients.

Detection of high-risk patients and linkage to care

Using laboratory and clinical data, 3 NITs (AST-to-platelet ratio
[APRI], NAFLD Fibrosis Score [NFS], and FIB-4 index) were
calculated (23,25–27). For NFS, 2 cutoff points were selected to
identify presence (.0.67) and absence (,21.45) of significant
fibrosis. In terms of the FIB-4 index, we assumed that a value ,
1.45, presence of advanced hepatic fibrosis could be excluded with
90%–98% certainty, and for a threshold value of.3.25 for the FIB-
4 index, leads to a positive predictive value of 53%–75% for ad-
vanced fibrosis. On the other hand, sensitivity and specificity of an
APRI score .1 for significant fibrosis is 30% and 92.8%, re-
spectively. The criterion for high-riskNAFLD(presumedhigh-risk
NASH)was to have at least 2 NITs above certain thresholds (APRI
.1.0, NFS.21.45, and FIB-4. 1.45). Participants who fulfilled
this criterion were regarded as high-risk NASH and were eligible
for the linkage-to-care step. If eligible subjects agreed to participate
in the linkage step, they were referred to a gastroenterology or
hepatology clinic. Patientswere seen in person, andmedical history
was collected followed by physical examination, blood sample
collection, andTE (FibroScanmini 430; Echosens,Waltham,MA).

As detailed in the manufacturer’s guidance and training, the TE
procedure was begun using the medium probe (M probe). If the
FibroScanmachine indicated that theM probe was not able to obtain
adequatemeasurementsdue to increasedbodyhabitus, the extra-large
probe (XL probe) was used. At least 10 adequate measurements were
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obtained in standard fashion per establishedmanufacturer guidelines,
and themedian stiffness and controlled attenuation parameter scores
were automatically calculated by the FibroScan. Patients with liver
stiffness of less than 6 kPa were presumed to have no significant
hepatic fibrosis, patients with liver stiffness of$8 kPa or more were
presumed to have clinically significantfibrosis, and patientswith$12
kPa were considered to have advanced fibrosis or cirrhosis.

Statistical analysis

All collected demographic and clinical parameterswere summarized
as mean with SD or median with interquartile range (IQR). Chi-
square andMann-Whitney statistical testswere used for comparison
of the parameters between subgroups of interest. All statistical
analyses were run using SAS 9.4 (SAS Institute, Cary, NC).

RESULTS
A total of 7,555 patients were screened for the study. Among
those, the mean age was 54 years, 38%male, 51% white, and 26%
were black. In terms of comorbidities, 26% had T2DM, 48% had
hypertension, and 56% had hyperlipidemia; mean BMI was 29.9.
Of these patients, 1,389 (18.4%) had insufficient data to determine
inclusion criteria and 4,457 (59%) did not meet the initial criteria
for the study. Therefore, a total of 1,707 (22.6%) participants met
the initial inclusion criteria. Among them, 716 (42%) agreed to
proceed with the 2nd step of screening by NITs to determine
presence of high-risk scores (Table 1). Based on this, 184 patients
were eligible for linkage to care, while 103 participants agreed to
be linked to GE-HEP for clinical assessment and TE.

Clinicodemographic characteristics of patients linked to care

Among 103 patients who agreed with linkage-to-care and un-
derwent TE (Table 1), mean age was 68.36 9.6 years, 51.5% male,
58.3% white, 29.1% black, 3.9% Hispanic, and 4.9% Asian. In terms
of comorbidities, 54.4% had T2DM, 82.5%had hypertension, 88.3%
had hyperlipidemia, 8.9% had a history of myocardial infarction
(MI), 4% had stroke, 23.5% had a history of cancer, and mean BMI
was 31.46 6.6. Among noninvasive tests, mean APRI was 0.4196
0.282, mean FIB-4 index 2.076 0.80, andmeanNFS 0.3826 0.996.

As FIB-4 index andNFS include age as variable, we performed a
propensity match analysis by adjusting for age and sex (Supple-
mentary Table 1, http://links.lww.com/CTG/A566). Even after this
adjustment, compared with patients who were not linked, linked

Table 1. Clinicodemographic characteristics of patients linked to care

Table Linked Not linked Prob All called

N 103 613 716

Eligible 103 (100.0%) 81 (13.2%) ,0.0001 184 (25.7%)

Age 68.3 6 9.6 58.3 6 13.1 ,0.0001 59.7 6 13.1

Male sex 53 (51.5%) 247 (40.3%) 0.0336 300 (41.9%)

Race

White 60 (58.3%) 325 (53.3%) 0.35 385 (54.0%)

Black 30 (29.1%) 181 (29.7%) 0.91 211 (29.6%)

Hispanic 4 (3.9%) 45 (7.4%) 0.19 49 (6.9%)

Asian 5 (4.9%) 42 (6.9%) 0.44 47 (6.6%)

BMI, kg/m2 31.4 6 6.6 33.2 6 7.7 0.041 33.0 6 7.5

Diabetes 56 (54.4%) 266 (43.4%) 0.0383 322 (45.0%)

Hyperlipidemia 91 (88.3%) 527 (86.0%) 0.52 618 (86.3%)

Hypertension 85 (82.5%) 507 (82.7%) 0.96 592 (82.7%)

History of myocardial infarction 9 (8.9%) 25 (4.1%) 0.0354 34 (4.8%)

History of stroke 4 (4.0%) 27 (4.4%) 0.83 31 (4.4%)

History of congestive heart failure 1 (1.0%) 14 (2.3%) 0.39 15 (2.1%)

History of cancer 24 (23.5%) 89 (14.5%) 0.0213 113 (15.8%)

APRI 0.419 6 0.282 0.219 6 0.108 ,0.0001 0.247 6 0.162

Fibrosis-4 (FIB-4) 2.07 6 0.80 1.06 6 0.51 ,0.0001 1.20 6 0.67

NAFLD Fibrosis Score 0.382 6 0.996 21.11 6 1.42 ,0.0001 20.893 6 1.464

APRI, AST-to-platelet ratio; AST, aspartate aminotransferase; BMI, body mass index; NAFLD, nonalcoholic fatty liver disease.

Table 2. Distribution of patients based on fibrosis severity by

transient elastography

All

N 103

Liver stiffness , 6 kPa 62 (60.2%)

Liver stiffness 6–8 kPa 23 (22.3%)

Liver stiffness 8–10 kPa 6 (5.8%)

Liver stiffness 10–12 kPa 4 (3.9%)

Liver stiffness $12 kPa 8 (7.8%)

kPa, kilopascal.
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patients had significantlyhigherAPRI (0.419vs 0.214), FIB-4 index
(2.07 vs 1.23), and NFS (0.382 vs20.514, all P, 0.001).

Comparison of patients based on fibrosis severity by

transient elastography

Among 103 patients who underwent TE, 60.2% had liver stiffness
,6 kPa, 22.3% between 6 and 8 kPa, 5.8% between 8 and 10 kPa,
3.9% between 10 and 12 kPa, and 7.8% had .12 kPa (Table 2).

Compared with patients with liver stiffness of ,8 kPa, pa-
tients with liver stiffness of$8 kPa on TE were younger (mean
age 61.3 vs 69.9 years) and had higher mean BMI (36.5 vs 30.5),
higher controlled attenuation parameter (318 vs 274 dB/m2),
AST (44 vs 25 U/L), ALT (51 vs 23 U/L), and alkaline phos-
phatase (95 vs 76 U/L) levels, and higher APRI (0.665 vs 0.316)

(all P , 0.05) but similar FIB-4 index (2.36 vs 1.90) and NFS
(0.705 vs 0.281) (P . 0.05) (Table 3).

Compared with noncirrhotic patients (liver stiffness,12 kPa),
patientswith presumed cirrhosis (liver stiffness$12 kPahadhigher
mean BMI (36.4 vs 31.2 years), AST (53 vs 26 U/L), ALT (59 vs 26
U/L), and alkaline phosphatase (116 vs 76 U/L) levels, higher APRI
(0.894 vs 0.333), FIB-4 index (3.21 vs 1.88), NFS (1.580 vs 0.252),
and were more likely to have diabetes (100% vs 51.6%), history of
CVD (50% vs 12.8%), and MI (25% vs 4.3%) (all P, 0.05).

DISCUSSION
In the recent decades, NAFLD and its progressive form NASH
have become the fastest growing causes of chronic liver disease
contributing to its global burden (16,28,29). This tremendous

Table 3. Clinicodemographic characteristics of patients based on fibrosis severity by transient elastography

Table

Liver stiffness > 8 kPa)

(N 5 18)

Liver stiffness £ 8 kPa)

(N 5 85) P
All linked patients

(N 5 103)

Age 61.3 6 9.2 69.9 6 8.8 0.0011 68.4 6 9.4

Male sex 8 (44.4%) 43 (50.6%) 0.64 51 (49.5%)

Race white 12 (66.7%) 46 (54.1%) 0.33 58 (56.3%)

Black 3 (16.7%) 26 (30.6%) 0.23 29 (28.2%)

Hispanic 2 (11.1%) 2 (2.4%) 0.08 4 (3.9%)

Asian 1 (5.6%) 4 (4.7%) 0.88 5 (4.9%)

Other 0 (0.0%) 7 (8.2%) 0.21 7 (6.8%)

Body mass index, kg/m2 36.5 6 7.1 30.5 6 6 0.0014 31.6 6 6.5

History of hyperlipidemia 15 (83.3%) 80 (94.1%) 0.12 95 (92.2%)

History of hypertension 12 (66.7%) 76 (89.4%) 0.0129 88 (85.4%)

Diabetes 13 (72.2%) 44 (51.8%) 0.11 57 (55.3%)

Depression 2 (11.1%) 15 (17.6%) 0.50 17 (16.5%)

History of sleep apnea 5 (27.8%) 19 (22.4%) 0.62 24 (23.3%)

History of cardiovascular disease 4 (22.2%) 12 (14.3%) 0.40 16 (15.7%)

History of myocardial infarction 2 (11.1%) 4 (4.9%) 0.31 6 (6.0%)

History of stroke 0 (0.0%) 4 (4.8%) 0.34 4 (3.9%)

Current smoker 2 (11.1%) 4 (4.7%) 0.29 6 (5.8%)

Exercise. 90 min/wk 7 (38.9%) 38 (46.9%) 0.54 45 (45.5%)

Albumin, g/dL 4.13 6 0.35 4.07 6 0.34 0.47 4.08 6 0.34

Alanine aminotransferase, IU/L 50.7 6 34.0 23.4 6 15.4 ,0.0001 28.2 6 22.3

Aspartate aminotransferase, IU/L 44.4 6 22.7 24.7 6 9.9 ,0.0001 28.1 6 14.9

Total bilirubin, mg/dL 0.71 6 0.29 0.64 6 0.27 0.40 0.65 6 0.27

Glucose mg/dL 135.86 58.6 117.6 6 43.4 0.13 120.8 6 46.6

Hemoglobin A1c (HbA1c), % 8.17 6 1.72 7.14 6 1.59 0.0258 7.32 6 1.65

Hemoglobin, gr/dL 14.1 6 1.3 13.8 6 1.5 0.46 13.9 6 1.5

Platelets, 10^3/UL 182.86 46.3 202.6 6 45.6 0.17 199.1 6 46.1

Total cholesterol, mg/dL 166.76 41.5 169.2 6 36.4 0.81 168.9 6 36.9

Low-density lipoprotein mg/dL 95.9 6 43.8 93.8 6 30.7 0.79 94.1 6 32.7

High-density lipoprotein, mg/dL 44.7 6 11.0 52.1 6 13.9 0.08 51.0 6 13.7

Triglycerides, mg/dL 142.36 56.3 121.6 6 89.4 0.07 124.7 6 85.3

BMI, body mass index.
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burden of NAFLD is related to its very high prevalence in the
general population and some potential for progression in those
with NASH. In this context, recent models have suggested that
there are 73 million patients with NAFLD and 9 million patients
with NASH in the United States (7). Furthermore, the same
models have predicted that between 2015 and 2030, the number
of cases of advanced NASH in the United States will double,
leading to increased liver-related complications and approxi-
mately 800,000 extra deaths (7).

In this context, it is important to note that most patients with
NAFLD have likely not been identified and most of them are
presumably being seen in the primary care practices without being
diagnosed. It is important to note that not all patients withNAFLD
will progress to cirrhosis or its complications (30). In fact, only
10%–15% of those with NASH may progress to cirrhosis. Never-
theless, identifying patients withNAFLDwho are at risk of adverse
outcomes will be critical to address the increasing burden of
NAFLD. On the other hand, the sheer number of patients with
NAFLD and NASH can overwhelm any clinical practice. There-
fore, efforts to identify high-risk patients with NAFLD must be
aided by development of efficient and easily applicable algorithms
that can be used by clinicians in their daily practice. In this context,
our study prospectively implemented a simple algorithm using
easily available NITs (FIB-4, NFS, and APRI) for linking these
patients with a potentially higher risk of progression to further
specialty care, including clinical assessment and TE.

Our studydemonstrated that 60%of patientswith high-riskNIT
scores had liver stiffness ,6 kPa by TE and can be considered at
minimal risk of adverse outcomes. These patients can be redirected
back to their primary care providers to optimize their car-
diometabolic risks to avert future cardiovascular complications. By
contrast, 18% of the participants with high NIT scores also had
elevated liver stiffness (TE$ 8 kPa), which indicates some degree of
hepatic fibrosis and potential for progressive liver disease. These
patients also had higher BMI and elevated liver enzyme levels which
are consistent with the current literature (27–29). Interestingly,
these patients were significantly younger which may be worrisome
as they have longer life span to potentially progress to cirrhosis.

Finally, our data showed that 8% of the screened cohort had liver
stiffness $12 kPa, indicating possible cirrhosis. Again, compared
withnoncirrhotic individuals, patientswith cirrhosis hadhigherBMI,
liver enzyme levels, and NIT scores and were more likely to have
comorbidities including diabetes and cardiovascular disease. These
are also consistent with the profile of patients with NAFLD at risk of
progressive liver disease (29,31). Early identification of these patients
can lead not only to possibly stricter lifestyle modifications with the
aim to reduce hepatic damage but also to the need for assessment for
complications of cirrhosis such as HCC and esophageal varices.

The main strength of the current study is the prospective ap-
plication of a stepwise algorithm in real-world practices for de-
tection of patients who had the highest risk of NAFLD. Although
liver biopsy remains the gold standard for detecting and grading
liver fibrosis, it has multiple caveats and cannot be used in a large
scale in the clinical practice (32). In this context, the lack of liver
biopsy can also be considered as a potential limitation of this study
because some patients who are identified as no significant fibrosis
may actually have hepatic fibrosis if a liver biopsy were to be per-
formed.We believe the multistep approach of using our algorithm
minimizes this limitation. Finally, our study was limited to 10
primary care and gastroenterology clinics in a relatively small area,
thus making it difficult to generalize to the population level.

In summary, this study demonstrates that a stepwise pro-
spective application of an algorithm using NITs and TE in clinical
practice setting can lead to identification of patients with high-risk
NAFLD. Further studies are needed to use this or other similar
algorithms in clinical practice using electronic health records.
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Study Highlights

WHAT IS KNOWN

3 Identification of patients with nonalcoholic fatty liver disease
(NAFLD) at high risk of adverse outcomes with linkage to
specialty care remain suboptimal.

3 Patients with metabolic syndrome are at high risk of
developing NAFLD.

3 Most patients with metabolic syndrome are seen in primary
care or endocrinology practices.

WHAT IS NEW HERE

3 A2-step algorithm for referral wasdeveloped to assist frontline
care providers in identifying patients withNAFLDandpatients
with NAFLD at high risk of adverse outcomes.

3 Initial step was identification of NAFLD based on presence of
type 2 diabetes with 1 other metabolic component of MetS, or
having 3 metabolic components of MetS (obesity,
hypertension, and hyperlipidemia) or having type 2 diabetes
with elevated aspartate aminotransferase or alanine
aminotransaminase levels (1.5 3 upper limit of normal) or
history of fatty liver by any imaging modality

3 Ten percent of referred patients had kPa . 8 , 12 by
transient elastography and were found to be younger with
higher body mass index and elevated liver enzymes.

3 Eight percent had liver stiffness$12 kPa, indicating possible
cirrhosis, and had higher body mass index, liver enzyme
levels, and noninvasive fibrosis test scores, and were more
likely to have comorbidities including diabetes and
cardiovascular disease.

TRANSLATIONAL IMPACT

3 Almost 20% of referred patients had evidence of increased
liver stiffness with almost 10% possibly having cirrhosis.
Because of the number of patients whomayhaveNAFLD, this
percent of patients with liver stiffness could still indicate a
large number of patients with adverse outcomes related to
NAFLD.

3 Attention needs to continue to focus on addressing metabolic
risk factors which are now evident among the younger
population to decrease the risk of the development of
cardiovascular disease and NAFLD-related fibrosis.
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