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BACKGROUND & AIMS:
Abbreviations used in this pape
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Despite rapidly increasing nonalcoholic fatty liver disease (NAFLD) prevalence, providers’
knowledge may be limited. We assessed NAFLD knowledge and associated factors among
physicians of different specialties globally.
METHODS:
 NAFLD knowledge surveys containing 54 and 59 questions covering 3 domains (epidemiology/
pathogenesis, diagnostics, and treatment) were completed electronically by hepatologists,
gastroenterologists (GEs), endocrinologists (ENDOs), and primary care physicians (PCPs) from
40 countries comprising 5 Global Burden of Disease super-regions. Over 24 months, 2202
surveys were completed (488 hepatologists, 758 GEs, 148 ENDOs, and 808 PCPs; 50% high-
r: CAP, controlled attenuation parameter;
obal Burden of Disease; GE, gastroenter-
ty liver disease; NASH, nonalcoholic stea-
provider.
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income Global Burden of Disease super-region, 27% from North Africa and Middle East, 12%
Southeast Asia, and 5% South Asian and Latin America).
RESULTS:
 Hepatologists saw the greatest number of NAFLD patients annually: median 150 (interquartile
range, 60–300) vs 100 (interquartile range, 35–200) for GEs, 100 (interquartile range, 30–200)
for ENDOs, and 10 (interquartile range, 4–50) for PCPs (all P < .0001). The primary sources of
NAFLD knowledge acquisition for hepatologists were international conferences (33% vs 8%–
26%) and practice guidelines for others (39%–44%). The Internet was the second most com-
mon source of NAFLD knowledge for PCPs (28%). NAFLD knowledge scores were higher for
hepatologists than GEs: epidemiology, 62% vs 53%; diagnostics, 80% vs 73%; and treatment,
61% vs 58% (P < .0001), and ENDOs scores were higher than PCPs: epidemiology, 70% vs 60%;
diagnostics, 71% vs 64%; and treatment, 79% vs 68% (P < .0001). Being a hepatologist or ENDO
was associated with higher knowledge scores than a GE or PCP, respectively (P < .05). Higher
NAFLD knowledge scores were associated independently with a greater number of NAFLD pa-
tients seen (P < .05).
CONCLUSIONS:
 Despite the growing burden of NAFLD, a significant knowledge gap remains for the identifica-
tion, diagnosis, and management of NAFLD.
Keywords: Primary Care; Endocrinologists; Internet; Guidelines; Cardiovascular Disease.
Nonalcoholic fatty liver disease (NAFLD) is a
common liver disease.1,2 Although the majority of

patients with NAFLD do not progress, a proportion of
patients with underlying nonalcoholic steatohepatitis
(NASH) can progress to advanced liver disease. Globally,
NAFLD affects 1 in 5 adults, with higher rates reported
from the Middle East and South America.3 The increased
global burden of NAFLD is driven primarily by the
obesity epidemic.4–6 Because of its high prevalence,
NAFLD has become a major cause of liver-related mortal-
ity and morbidity, and is on track to become the most
common indication for liver transplantation in the United
States.7,8

Despite its growing burden, it is estimated that less
than 20% of patients with NAFLD have been diagnosed.9

In addition, health care providers’ knowledge about
NAFLD is quite limited and varies widely across spe-
cialties.10–16 In this context, patients with advanced
NAFLD or NASH-related cirrhosis are seen primarily in
hepatology and gastroenterology practices.13,16 On the
other hand, most patients who are at increased risk for
NAFLD, in particular those with type 2 diabetes and/or
visceral obesity, are seen in primary care and endocri-
nology practices without being recognized as such or
being referred for further evaluation.11,12 Furthermore,
several small or regional studies have found a need for
improved understanding of NAFLD and its associated
burden.13–15

This lack of awareness and gaps in knowledge about
NAFLD may lead to suboptimal identification and man-
agement of these patients, which may be responsible for
an increasing number of patients presenting with
advanced disease. It would be beneficial to identify these
patients early to not only optimize their liver health but
also their cardiometabolic risks because the majority of
patients with NAFLD would die from cardiovascular
disease.4 Furthermore, as new drugs for the treatment of
NASH become available, identification of patients early
can lead to potential improvement in patient outcomes.
Therefore, our aim was to conduct a large-scale global
survey study using a validated tool to assess knowledge
about NAFLD among physicians from different medical
specialties.
Methods

Two separate NAFLD knowledge and awareness
surveys were developed through input and review by
participating NAFLD experts from different countries.
Those included a 59-item survey for gastroenterology
and hepatology specialists and a 54-item survey for
endocrinology and internal medicine/primary care phy-
sicians. The surveys covered all aspects of NAFLD
knowledge and had differences according to relevance to
the specialties; 21 questions were overlapped between
the 2 surveys. Each question and its answer options were
reviewed by participating experts for face and content
validity and accuracy.

The gastroenterology and hepatology (specialist)
version of the survey was completed by hepatologists
and gastroenterologists while the other (nonspecialist)
version was offered to endocrinologists and internal
medicine/primary care providers (PCPs). Members of
the Global NASH Council were responsible for distrib-
uting a link to the survey web page among physicians in
their country. All surveys were completed electronically
in English or other national languages (Spanish, Japa-
nese, Turkish, and so forth) via the Survey Monkey
website.



What you Need to Know

Background
Despite rapid growth worldwide, providers’ knowl-
edge about nonalcoholic fatty liver disease (NAFLD)
remains limited. This is especially true for endocri-
nologists/diabetologists and primary care providers
who may initially see these patients. We developed a
knowledge survey tool to administer to physicians
around the world to better understand the extent of
gaps which can be used to develop strategies to raise
awareness about NAFLD.

Findings
Over 2000 physicians (hepatologists, gastroenterol-
ogists, primary care physician and endocrinologists/
diabetologists) from 40 countries covering 5 global
regions completed the NAFLD knowledge and
awareness surveys. We found that the source of
knowledge acquisition, the extent of that knowledge,
and the approaches to NAFLD diagnostics and
management were different among primary care
physicians and endocrinologists/diabetologists as
compared to hepatologists and gastroenterologists.

Implications for patient care
This global survey demonstrates that targeted in-
terventions are needed by specialty to raise aware-
ness and knowledge about NAFLD.
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In addition to questions about NAFLD, survey com-
pleters were asked about their demographics (country,
age, sex), practice setting (hospital-based, clinic-based,
group practice, solo private practice, or other), number
of years in practice, the number of patients with NAFLD
they typically see in a period of time, and their primary
source of knowledge about NAFLD. Countries were
grouped based on Global Burden of Disease (GBD) super-
regions.17

In addition to a number of questions about physicians’
practice and their awareness of NAFLD, 32 questions in
the gastrohepatology version and 24 questions in the
nonspecialist version of the survey were multiple-choice
questions with only 1 correct answer. Those questions
were used to assess physicians’ knowledge about NAFLD.
Using these questions, NAFLD knowledge scores were
calculated as proportions of correct answers (range,
0–100) for 3 knowledge domains: (1) epidemiology and
pathogenesis, (2) diagnostics, and (3) treatment, for the
specialist and nonspecialist versions of the survey sepa-
rately. Finally, the total NAFLD knowledge score was
calculated as an average of the 3 domain scores.

Statistical Analysis

The answers to the survey were summarized as N
(%) or median (interquartile range). The chi-square test
and the Kruskal–Wallis test were used to compare
categoric and continuous parameters, respectively, be-
tween medical specialties. NAFLD knowledge scores
were summarized as means (SD) and were compared
between specialties using the Mann–Whitney test for the
specialist and nonspecialist versions of the survey
separately.

Independent predictors of the total NAFLD knowl-
edge scores were assessed using generalized linear
regression models. In these models, potential predictors
of the scores included physician specialty, their practice
setting, the number of years in practice, self-reported
number of NAFLD patients seen over a period of time,
their primary source of knowledge about NAFLD, and
their country’s GBD super-region. Predictors with a P
value less than .05 were considered statistically
significant.

All analyses were run using SAS 9.4 (SAS Institute,
Cary, NC). The study was granted an exemption from
consent by the Western Institutional Review Board
because of the nature of the survey content and anony-
mous reporting.

Results

Demographic Characteristics of the
Respondents

During 24 months, 2202 physicians completed the
survey. This included 488 hepatologists, 758
gastroenterologists (GEs), 148 endocrinologists (ENDOs),
and 808 internal medicine/PCPs. Of the participating
physicians, 50% were from the high-income GBD super-
region, followed by 27% from North Africa and the
Middle East, 12% from Southeast Asia, and 5% from
South Asia and Latin America (Supplementary Table 1).
Hepatologists were more commonly from the high-
income super-region (58%) while GEs were over-
represented in Southeast Asia (21%) and ENDOs in
South Asia (14%). In contrast, PCPs were distributed
evenly across the regions.

Hepatologists had the longest practice duration and
were also the oldest (35.3% were >50 years vs 32.3% of
GEs, 25.6% of ENDOs, and 27.6% of PCP) (Table 1).
There were no sex differences across the specialties.
Hepatologists reported seeing the greatest number of
NAFLD patients per year (P < .0001). The majority of all
providers were affiliated with a hospital (Table 1). The
most common primary source of NAFLD knowledge
acquisition was international or national conferences for
hepatologists (33.4% vs 8% to 25.5% for other pro-
viders), while practice guidelines were the primary
source for nonhepatology specialties (39.4% to 43.9% vs
26.4% for hepatologists). Notably, the Internet was the
second most common source of knowledge for PCPs
(28%) (Table 1).



Table 1. Demographics of Participating Physicians

Question Hepatologists Gastroenterologists Endocrinologists
Primary care
and other P All

N 488 758 148 808 2202

Age, y
<25 1 (0.2%) 5 (0.7%) 3 (2.0%) 52 (6.4%) <.0001 61 (2.8%)
26–30 16 (3.3%) 57 (7.5%) 12 (8.1%) 181 (22.4%) 266 (12.1%)
31–35 66 (13.6%) 116 (15.4%) 16 (10.8%) 130 (16.1%) 328 (14.9%)
36–40 89 (18.3%) 133 (17.6%) 35 (23.6%) 80 (9.9%) 337 (15.3%)
41–45 74 (15.2%) 115 (15.2%) 32 (21.6%) 63 (7.8%) 284 (12.9%)
46–50 69 (14.2%) 85 (11.3%) 12 (8.1%) 79 (9.8%) 245 (11.1%)
51–55 56 (11.5%) 96 (12.7%) 16 (10.8%) 61 (7.5%) 229 (10.4%)
56–60 41 (8.4%) 67 (8.9%) 11 (7.4%) 67 (8.3%) 186 (8.5%)
>60 75 (15.4%) 81 (10.7%) 11 (7.4%) 95 (11.8%) 262 (11.9%)

Sex
Female 140 (28.7%) 211 (28.2%) 52 (35.9%) 252 (31.6%) .18 655 (30.1%)
Male 347 (71.3%) 538 (71.8%) 93 (64.1%) 545 (68.4%) 1523 (69.9%)

Practice setting
Hospital-based 364 (74.6%) 554 (73.2%) 108 (74.0%) 547 (67.7%) <.0001 1573 (71.5%)
Group practice 22 (4.5%) 59 (7.8%) 4 (2.7%) 12 (1.5%) 97 (4.4%)
Solo private practice 35 (7.2%) 79 (10.4%) 5 (3.4%) 66 (8.2%) 185 (8.4%)
Clinic-based 49 (10.0%) 45 (5.9%) 23 (15.8%) 139 (17.2%) 256 (11.6%)
Other 18 (3.7%) 20 (2.6%) 6 (4.1%) 44 (5.4%) 88 (4.0%)

Years in practice, median (IQR) 16 (9–26) 12 (6–24) 11 (5–20) 10 (3–24) <.0001 12 (5–25)

Number of NAFLD patients seen
per year, median (IQR)

150 (60–300) 100 (35–200) 100 (30–200) 10 (4–50) <.0001 60 (11–200)

Primary source of knowledge
about NAFLD
Guidelines 129 (26.4%) 325 (42.9%) 65 (43.9%) 318 (39.4%) <.0001 837 (38.0%)
Local conferences 16 (3.3%) 44 (5.8%) 13 (8.8%) 70 (8.7%) 143 (6.5%)
National or international

conferences or meetings
163 (33.4%) 193 (25.5%) 23 (15.5%) 65 (8.0%) 444 (20.2%)

Medical journals 141 (28.9%) 118 (15.6%) 33 (22.3%) 100 (12.4%) 392 (17.8%)
Internet 30 (6.1%) 63 (8.3%) 12 (8.1%) 223 (27.6%) 328 (14.9%)
Other 9 (1.8%) 14 (1.8%) 2 (1.4%) 32 (4.0%) 57 (2.6%)

IQR, interquartile range; NAFLD, nonalcoholic fatty liver disease.
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Diagnosis of Nonalcoholic Fatty Liver Disease

Hepatologists and GEs reported significantly higher
rates of access to diagnostic modalities for NAFLD (ul-
trasound or computed tomography, and also liver bi-
opsy) in comparison with nonspecialists (all P < .0001).
Of these modalities, ultrasound was available to 89.1% of
physicians across all specialties while liver biopsy was
available to 79.5% of hepatologists and only 27.1% of
PCPs (Table 2). Both magnetic resonance
imaging–proton density fat fraction and controlled
attenuation parameter (CAP) were the least accessible
modalities to all medical specialties (Table 2).

The most common diagnostic option of choice among
hepatologists was hepatic ultrasound and CAP, while
hepatic ultrasound alone was the most common choice
for all other specialties (Table 2). Interestingly, serum
biochemical markers were favored by 15% to 24% of all
physicians; the highest rate was observed among ENDOs
and the lowest rate was observed among hepatologists
(Table 2). Very few (<7%) used computed tomography
scanning or magnetic resonance imaging–proton density
fat fraction as the primary method to diagnose NAFLD.

Awareness and Knowledge About Nonalcoholic
Fatty Liver Disease

Of all hepatologists, 73.6% believed that very few
NAFLD patients (<10%) have any symptoms vs 66.4% of
GEs, 58.5% of ENDOs, and only 40.3% of PCPs. Almost
one third of PCPs (32.4%) reported that they did not
know what proportion of NAFLD patients are symp-
tomatic (Table 2). Despite a generally low perceived
prevalence of symptomatic NAFLD, the vast majority of
physicians of all specialties (76%–88%) reported that
they believe that NAFLD patients do have an impaired
quality of life (Table 2).

The proportion of correct answers was consistently
highest among hepatologists followed by GEs, and lowest
among PCPs (Table 3). For the GE/hepatology survey



Table 2. Availability of NAFLD Diagnostic Methods and NAFLD Awareness Among Physicians of Different Specialties

Question Hepatologists GEs ENDOs PCPs P All

Which methods are available in your practice for the diagnosis of NAFLD? (check all that apply)
Ultrasound 460 (94.3%) 715 (94.3%) 133 (89.9%) 654 (80.9%) <.0001 1962 (89.1%)
Computed tomography 286 (58.6%) 476 (62.8%) 76 (51.4%) 348 (43.1%) <.0001 1186 (53.9%)

MRI-PDFF 191 (39.1%) 261 (34.4%) 33 (22.3%) 151 (18.7%) <.0001 636 (28.9%)
Controlled attenuation

parameter
269 (55.1%) 252 (33.2%) 60 (40.5%) 169 (20.9%) <.0001 750 (34.1%)

Liver biopsy 388 (79.5%) 555 (73.2%) 59 (39.9%) 219 (27.1%) <.0001 1221 (55.4%)

Which one of these noninvasive methods do you use to diagnose NAFLD? (choose 1)
Scoring systems based on

serum biochemical markers
73 (15.0%) 142 (19.0%) 35 (23.8%) 156 (19.7%) <.0001 406 (18.7%)

Computed tomography 6 (1.2%) 22 (2.9%) 9 (6.1%) 52 (6.6%) 89 (4.1%)
MRI-PDFF 17 (3.5%) 13 (1.7%) 3 (2.0%) 15 (1.9%) 48 (2.2%)
Hepatic ultrasound 114 (23.4%) 213 (28.5%) 59 (40.1%) 344 (43.4%) 730 (33.6%)
Hepatic ultrasound and

controlled attenuation
parameter

157 (32.2%) 184 (24.6%) 25 (17.0%) 89 (11.2%) 455 (20.9%)

Hepatic ultrasound, controlled
attenuation parameter, and
MRE

115 (23.6%) 158 (21.2%) 14 (9.5%) 100 (12.6%) 387 (17.8%)

None 5 (1.0%) 15 (2.0%) 2 (1.4%) 37 (4.7%) 59 (2.7%)

Do you use pharmacotherapy only in patients with NASH?
Yes 250 (51.7%) 357 (48.0%) 55 (37.4%) 218 (28.0%) <.0001 880 (40.9%)
No 234 (48.3%) 386 (52.0%) 92 (62.6%) 560 (72.0%) 1272 (59.1%)

Do you follow any societal guidelines for NAFLD (AASLD, EASL, APASL, and so forth)
Yes 420 (87.1%) 463 (74.2%) 69 (52.7%) 283 (39.2%) <.0001 1235 (63.0%)
No 62 (12.9%) 161 (25.8%) 62 (47.3%) 439 (60.8%) 724 (37.0%)

What percentage of NAFLD patients have any symptoms?
<10% 356 (73.6%) 495 (66.4%) 86 (58.5%) 319 (40.3%) <.0001 1256 (57.9%)
11%–30% 69 (14.3%) 156 (20.9%) 32 (21.8%) 168 (21.2%) 425 (19.6%)
31%–60% 16 (3.3%) 29 (3.9%) 11 (7.5%) 38 (4.8%) 94 (4.3%)
>60% 10 (2.1%) 22 (2.9%) 0 (0.0%) 10 (1.3%) 42 (1.9%)
Do not know 33 (6.8%) 44 (5.9%) 18 (12.2%) 257 (32.4%) 352 (16.2%)

Do you think that your patients with NAFLD have impaired quality of life?
Yes 387 (80.0%) 564 (75.9%) 130 (88.4%) 615 (77.8%) .0065 1696 (78.4%)
No 97 (20.0%) 179 (24.1%) 17 (11.6%) 175 (22.2%) 468 (21.6%)

AASLD, American Association for the Study of Liver Diseases; APASL, Asian Pacific Association for the Study of the Liver; EASL, European Association for the
Study of the Liver; ENDO, endocrinologist; GE, gastroenterologist; MRE, magnetic resonance elastography; MRI-PDFF, magnetic resonance imaging–proton
density fat fraction; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; PCP, primary care provider.
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version, the mean knowledge scores were higher for
hepatologists than GEs: epidemiology/pathogenesis
(61.9% vs 53.2%), diagnostics (79.9% vs 73.0%), and
treatment (60.8% vs 57.6%) (all P < .0001). Similarly, for
the nonspecialist version of the survey, ENDOs had higher
knowledge scores than PCPs: epidemiology/pathogenesis
(70.2% vs 59.7%), diagnostics (70.9% vs 63.8%), and
treatment (78.5% vs 67.5%) (all P < .0001) (Table 4).

In multivariate analysis, adjusted for location and
other predictors, being a hepatologist was associated
with significantly higher total NAFLD knowledge scores
(reference being a gastroenterologist, b ¼ þ4.9 � 0.6; P
< .0001). The other predictors of higher total NAFLD
knowledge scores for GE/hepatology were having a
practice affiliated with a hospital, seeing a greater
number of NAFLD patients per month, and using medical
journals or international conferences as the primary
source of NAFLD knowledge (P < .01) (Table 5). Simi-
larly, being an ENDO (vs PCP) and having a greater
number of NAFLD patients in the practice (P < .01), but
not source of knowledge or the practice setting (P > .05),
were associated with higher knowledge scores (Table 5).
However, for nonspecialists, using the Internet as the
primary source of NAFLD knowledge was associated
with significantly lower NAFLD knowledge (b ¼ -5.8 �
1.2; P < .0001).
Assessment and Management of Nonalcoholic
Fatty Liver Disease Among Primary Care and
Endocrinology Providers

We asked PCPs and ENDOs about their approach to
identification and early stage management of NAFLD



Table 3. Knowledge About NAFLD Across Medical Specialties

Hepatologists Gastroenterologists Endocrinologists
Primary care
and other P All

Correctly identified NAFLD fibrosis
score as a prediction score of
advanced liver fibrosis based on
routine clinical and laboratory
parameters

340 (69.7%) 404 (53.3%) 54 (36.5%) 183 (22.6%) <.0001 981 (44.6%)

Correctly identified cardiovascular
disease as the most common
cause of death in NAFLD

422 (87.2%) 563 (75.8%) 76 (52.1%) 313 (39.5%) <.0001 1374 (63.5%)

Correctly identified pathologic criteria
for NASH diagnosis (ballooning,
lobular inflammation, steatosis,
possibly fibrosis)

384 (79.5%) 529 (70.9%) 94 (66.2%) 327 (42.7%) <.0001 1334 (62.4%)

Correctly identified targets for
potential NASH therapy (reduce
oxidative stress, fibrosis
progression, inflammation,
metabolic risk)

414 (85.5%) 634 (84.8%) 125 (84.5%) 563 (69.7%) <.0001 1736 (79.3%)

NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis.
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patients. As such, 79.7% of ENDOs and 66.2% of PCPs
reported they would screen patients with diabetes for
NAFLD followed by screening patients with dyslipidemia
and unexplained increased alanine aminotransferase
levels (Table 6). Only 27.0% of ENDOs and 20.2% of
PCPs reported they would screen everyone for NAFLD
while 9.2% of PCPs reported not screening for NAFLD at
all (vs <1% ENDOs) (Table 6). Approximately 5% of all
physicians (3% ENDOs) reported that they would do
nothing if they incidentally found fatty liver on imaging
(Table 6).

On the initial assessment of patients with suspected
NAFLD, 64.9% of ENDOs and 55.0% of PCPs would
try to exclude other liver diseases. Furthermore,
more than half of ENDOs would send NAFLD patients
for a biopsy only if they were believed to be at risk
Table 4. NAFLD Knowledge Scores Across Medical Specialties

Knowledge
domain

Specialist version

Hepatologists Gastroenterologists P

Epidemiology
and pathogenesis

61.9 � 17.0 53.2 � 17.1 <.0001

Diagnostics 79.9 � 14.9 73.0 � 14.8 <.0001

Treatment 60.8 � 12.5 57.6 � 12.0 <.0001

Total 67.5 � 11.3 61.3 � 10.6 <.0001

NOTE. The scores were calculated separately for the specialist and nonspecialist
comparable between the 2 versions besides questions included in Table 3.
NAFLD, nonalcoholic fatty liver disease; PCP, primary care provider.
for steatohepatitis and cirrhosis (56.8%) or if other
causes of liver disease could not be excluded (58.8%).
Those numbers for PCPs were 51.9% and 47.5%.
Nearly half of the survey completers would order a
liver biopsy for a patient with a high NAFLD Fibrosis
Score (Table 6).

There were more ENDOs compared with PCPs (37.4%
vs 28.0%) giving pharmacotherapy to patients with
NAFLD. Furthermore, between 77% and 80% reported
that they would refer their NAFLD patients to a specialist
(GE/hepatologist), especially if they identified them to be
at risk for steatohepatitis or cirrhosis (72%) or as having
a high NAFLD Fibrosis Score (50%) (Table 6). The most
common reported barrier to NAFLD management among
nonspecialists was failure of patients to adhere to life-
style modifications (33.9%). PCPs were more likely to
Nonspecialist version

All
specialists Endocrinologists

PCP and
other P

All PCP
completers

56.6 � 17.6 70.2 � 17.8 59.7 � 24.3 <.0001 61.4 � 23.7

75.7 � 15.2 70.9 � 12.5 63.8 � 13.4 <.0001 64.9 � 13.5

58.9 � 12.3 78.5 � 17.8 67.5 � 21.7 <.0001 69.2 � 21.5

63.7 � 11.3 73.2 � 11.4 63.7 � 15.5 <.0001 65.1 � 15.3

versions of the survey using different subsets of questions and are not directly



Table 5. Independent Predictors of NAFLD Knowledge Scores From Generalized Linear Regression Models

b � SE P b � SE P

Specialist version Nonspecialist version

Specialtya 4.9 � 0.6 <.0001 5.7 � 1.4 <.0001

Hospital-based practice 2.3 � 0.7 .0012 -0.4 � 1.1 .75

Years of practice, per 10 years -0.9 � 0.3 .0013 1.2 � 0.5 .0128

Seeing >10 NAFLD patients per month 4.6 � 0.6 <.0001 6 � 1.1 <.0001

Primary source of knowledge about NAFLD (ref: guidelines)
Conferences 3.3 � 0.7 <.0001 1.4 � 1.7 .43
Medical journals 5.5 � 0.8 <.0001 1.6 � 1.4 .27
Internet -0.2 � 1.2 .83 -5.8 � 1.2 <.0001

Region (ref: high-income)
Latin America and the Caribbean -0.8 � 1.2 .52 4.7 � 2.7 .08
North Africa and the Middle East -4.8 � 0.7 <.0001 3.6 � 1.3 .0049
South Asia 2.7 � 1.3 .0400 4.2 � 2.6 .11
Southeast Asia 1.2 � 0.9 .21 10.4 � 1.7 <.0001

NAFLD, nonalcoholic fatty liver disease; SE, standard error.
aThe specialty predictor is coded as follows: hepatologist (reference: gastroenterologist) for the specialist version of the survey, endocrinologist (reference: primary
care provider and other) for the nonspecialist version.
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report a lack of confidence in managing NAFLD as a
barrier (27.4% vs 14.3%), and both specialty groups
reported the lack of effective drugs as another barrier
(Table 6).

Assessment and Management of Nonalcoholic
Fatty Liver Disease Among Gastroenterologists
and Hepatologists

Among GEs and hepatologists, approximately 1 in 3
reported that the majority (>50%) of their NAFLD pa-
tients have normal liver enzyme levels. The vast ma-
jority of these specialists (GEs, 68.2%; hepatologists,
77.0%) also reported that they send very few (<10%)
NAFLD patients for a liver biopsy (Supplementary
Table 2). Although more than half of GEs/hepatolo-
gists adhered to the guidelines and reported sending
their NAFLD patients for a liver biopsy if they had other
liver diseases that potentially could co-exist with stea-
tohepatitis, less than half would do so for high nonin-
vasive markers of fibrosis. Even fewer GEs/
hepatologists would send their patients for a biopsy for
the presence of metabolic syndrome. Finally, both GEs
and hepatologists reported that most of their NASH
patients (41.3%–48.2%) have stage 2 fibrosis while
only 4% of NASH patients had cirrhosis at the time of
liver biopsy (Supplementary Table 2).

Discussion

In this study, more than 2200 physicians from across
the world completed an extensive survey about their
knowledge and awareness of NAFLD as well as
approaches to its management. As expected, our data
show that hepatologists see the largest number of NAFLD
patients per year while PCPs report seeing the fewest.
Although this likely represents referral patterns for pa-
tients with NAFLD, it also reflects significant underdi-
agnosis of NAFLD in the primary care setting, where a
large number of patients with risk factors for NAFLD
(diabetes, hypertension, visceral obesity) likely are
seen.3,4 Therefore, these data support targeted education
of PCPs to identify patients with NAFLD and to link those
at risk for adverse outcomes to specialty care for further
evaluation.18

The most commonly used modality for the diagnosis
of NAFLD was hepatic ultrasound alone or in combina-
tion with CAP, which conforms with practice guide-
lines.18 This likely reflects the wide availability of
ultrasound as well as its convenience and cost. CAP was
preferred in combination with ultrasound by GEs/hep-
atologists, who were more likely than PCPs to have these
tests available. We also noted that up to 24% used
scoring systems based on serum biochemical markers to
diagnose NAFLD; however, these scoring systems have
been validated only for screening in population studies
that lacked imaging data and not in clinical practice.19,20

This finding provides another opportunity for health care
providers’ education.

With respect to the presentation of patients with
NAFLD, GEs/hepatologists were more likely to say that
the majority of NAFLD patients were asymptomatic. This
further indicates that PCPs may tend to underdiagnose
NAFLD in their patients. Nevertheless, the majority of
providers still believe that NAFLD patients have an
impaired quality of life, which is consistent with data
from clinical trials.21–23



Table 6. Survey of NAFLD Practice Among Completers of the Nonspecialist Version of the Survey

Endocrinologists
PCP and
other P All

Which type of individual do you screen for NAFLD? (check all that apply)
Everyone 40 (27.0%) 163 (20.2%) .06 203 (21.2%)
Diabetes 118 (79.7%) 535 (66.2%) .0012 653 (68.3%)
Hypertension 60 (40.5%) 269 (33.3%) .09 329 (34.4%)
Dyslipidemia 101 (68.2%) 506 (62.6%) .19 607 (63.5%)
Sleep apnea 72 (48.6%) 270 (33.4%) .0004 342 (35.8%)
Hypothyroidism 52 (35.1%) 200 (24.8%) .0084 252 (26.4%)
Cardiovascular disease 75 (50.7%) 308 (38.1%) .0042 383 (40.1%)
Polycystic ovary syndrome 71 (48.0%) 168 (20.8%) <.0001 239 (25.0%)
Unexplained increased ALT level 96 (64.9%) 479 (59.3%) .20 575 (60.1%)
Cryptogenic liver disease 75 (50.7%) 404 (50.0%) .88 479 (50.1%)
I do not screen for NAFLD 1 (0.7%) 74 (9.2%) .0004 75 (7.8%)

What do you do if you find NAFLD incidentally when imaging in your patient? (check all that apply)
Investigate presence of metabolic alterations and the absence of other

liver diseases
112 (75.7%) 537 (66.5%) .0273 649 (67.9%)

Asses the cardiovascular risk and investigate if the patient has a liver
disease

82 (55.4%) 395 (48.9%) .14 477 (49.9%)

Assess the risk of metabolic alterations and liver function with
noninvasive scoring system in absence of other chronic liver disease

85 (57.4%) 384 (47.5%) .0267 469 (49.1%)

Investigate presence of alcohol consumption 85 (57.4%) 447 (55.3%) .63 532 (55.6%)
Do nothing 4 (2.7%) 43 (5.3%) .18 47 (4.9%)

In your expert opinion, what is the initial assessment of patients with suspected NAFLD? (check all that apply)
Increased liver enzyme levels 111 (75.0%) 554 (68.6%) .12 665 (69.6%)
Exclusion of other liver diseases 96 (64.9%) 444 (55.0%) .0253 540 (56.5%)
Controlled attenuation parameter 35 (23.6%) 109 (13.5%) .0015 144 (15.1%)
Liver biopsy 14 (9.5%) 78 (9.7%) .94 92 (9.6%)
Liver imaging such as ultrasound, MRI, or CT scan 84 (56.8%) 434 (53.7%) .49 518 (54.2%)
None 2 (1.4%) 28 (3.5%) .18 30 (3.1%)

In your opinion, what are the indications for liver biopsy? (check all that apply)
At risk for steatohepatitis or cirrhosis 84 (56.8%) 419 (51.9%) .27 503 (52.6%)
Other conditions that cause steatohepatitis cannot be excluded 87 (58.8%) 384 (47.5%) .0118 471 (49.3%)
Other conditions that cause steatohepatitis co-exist 53 (35.8%) 227 (28.1%) .06 280 (29.3%)
Presence of metabolic syndrome 16 (10.8%) 91 (11.3%) .87 107 (11.2%)
High NAFLD fibrosis score 73 (49.3%) 384 (47.5%) .69 457 (47.8%)

Do you refer cases of NAFLD to a gastroenterologist or hepatologist?
Yes 113 (77.4%) 627 (80.0%) .48 740 (79.6%)
No 33 (22.6%) 157 (20.0%) 190 (20.4%)

When do you send a patient with a NAFLD to a specialist? (check all that apply)
At risk for steatohepatitis or cirrhosis 111 (75.0%) 577 (71.4%) .37 688 (72.0%)
Other conditions that cause steatohepatitis cannot be excluded 92 (62.2%) 401 (49.6%) .0050 493 (51.6%)
Other conditions that cause steatohepatitis co-exist 70 (47.3%) 331 (41.0%) .15 401 (41.9%)
Presence of metabolic syndrome 14 (9.5%) 143 (17.7%) .0129 157 (16.4%)
High NAFLD fibrosis score 77 (52.0%) 397 (49.1%) .52 474 (49.6%)

Do you use pharmacotherapy only in patients with NASH?
Yes 55 (37.4%) 218 (28.0%) .0220 273 (29.5%)
No 92 (62.6%) 560 (72.0%) 652 (70.5%)

What are the barriers for NAFLD management in your practice?
Lack of confidence in managing it 21 (14.3%) 217 (27.4%) .0012 238 (25.4%)
Time constraints 24 (16.3%) 65 (8.2%) 89 (9.5%)
Cost of evaluation and treatment 14 (9.5%) 56 (7.1%) 70 (7.5%)
Failure of patients to adhere to the lifestyle modifications 49 (33.3%) 269 (34.0%) 318 (33.9%)
Lack of availability of effective drugs 29 (19.7%) 119 (15.0%) 148 (15.8%)
No barriers 10 (6.8%) 65 (8.2%) 75 (8.0%)

ALT, alanine aminotransferase; CT, computed tomography; MRI, magnetic resonance imaging; NAFLD, nonalcoholic fatty liver disease; PCP, primary care
provider.
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Notably, more than 50% of PCPs were not familiar
with the NAFLD Fibrosis Score, were not aware that
cardiovascular disease was the leading cause of death in
NAFLD patients, and were not familiar with NASH
pathologic criteria. Because PCPs play an important role
in the management of NAFLD metabolic risks, education
to aggressively manage these comorbidities as well as to
refer patients at high risk for NASH to specialty care
likely will be beneficial. In this context, it is important to
note that even among specialists some aspects of NAFLD
knowledge were quite far from perfect; for example,
roughly 1 in 3 hepatologists could not correctly identify
NAFLD Fibrosis Score as a noninvasive test that is based
on routine clinical and laboratory parameters even
though the only alternative answer options were that it
was a histologic score or a liver stiffness measurement.

Notably, the primary source of knowledge about
NAFLD was an independent predictor of knowledge
scores among both specialists and nonspecialists. In this
context, it is important to note that PCPs commonly
relied on the Internet as their primary knowledge source,
and this reliance had an inverse association with their
total NAFLD knowledge score. This highlights the need to
deliver accurate information about NAFLD to PCPs
through online computer-based teaching modules and
regular webinars on new updates. Finally, there were
regional differences in knowledge among nonspecialists
(those practicing in the Middle East/North Africa region),
which can be used to provide more targeted educational
programs for those doctors.

The wide variance in physicians’ responses regarding
NAFLD screening methods reflects considerable hetero-
geneity of current practice guidelines. Indeed, AASLD
does not recommend any screening at this time.18 In
contract, the European Association for the Study of the
Liver, European Association for the Study of Diabetes,
and European Association for the Study of Obesity joint
guideline recommends that screening should be a part of
routine work-up in patients with diabetes and metabolic
syndrome.24 The Asia-Pacific Working Party on NAFLD
states that screening should be considered in at-risk
populations such as patients with overweight/obesity,
type 2 diabetes mellitus, and metabolic syndrome.25 The
2019 American Diabetes Association Standard of Care
Guidelines recommend that patients with type 2 diabetes
mellitus and increased alanine aminotransferase levels
or fatty liver on ultrasound should be evaluated for the
presence of NASH and liver fibrosis.26 These differences
in screening recommendations could be owing partly to
the lack of data about the impact of screening for NAFLD
to outcomes, the cost utility of screening, and also vari-
ability in how each society assesses evidence to make its
recommendations. We believe all major societies should
come together to harmonize recommendations about
screening to inform providers on the front lines who see
patients at risk for NAFLD.

The role of alcohol consumption in NAFLD/NASH
diagnosis is an area that requires clarification. Only
slightly more than 50% of physicians would investigate
the presence of excessive alcohol consumption among
patients who incidentally were found to have fatty liver
on imaging despite the requirement to exclude excessive
alcohol use before diagnosing NAFLD.27,28 This finding is
consistent with a French study in which up to 21% of
practicing gastroenterologists would diagnose NASH
even in patients consuming more than 40 g/d among
men and more than 30 g/d among women.13

Another area needing further clarification is the role
and use of liver biopsy among patients with NAFLD.
Our data showed that the vast majority of providers
rarely send their NAFLD patients for a liver biopsy,
although approximately 10% of PCPs and endocrinol-
ogists would use liver biopsy as the initial assessment
of patients with suspected NAFLD while less than 5%
of GEs/hepatologists may not send their NAFLD pa-
tients for a liver biopsy despite the presence of fibrosis
risk factors. Unfortunately, we were unable to deter-
mine why providers would not send patients for a liver
biopsy per guideline recommendations, although the
cost and invasiveness and lack of highly effective
medications for NASH are likely reasons. On the other
hand, the majority of PCPs and endocrinologists (77%–
80%) reported that they refer their NAFLD patients to
GE/hepatology specialists, rates similar to those re-
ported previously in the United States (52%–79%)12,29

and higher than outside the United States (47%–
62%).13,14

The major study strength was the large international
sample of specialists and nonspecialists who completed
the survey. This provides a unique opportunity for an in-
depth exploration of knowledge, awareness, and prac-
tices about NAFLD worldwide. The study limitations
included a possible bias toward specialists and PCPs
interested in and familiar with NAFLD, as well as those
who are hospital-based, however, because the number of
invitations to the survey that was sent was not centrally
recorded, it is hard to determine the magnitude of that
bias. However, the major findings on knowledge,
awareness, and behavior were not substantially different
from other published surveys.

In conclusion, we have shown a significant knowl-
edge gap about NAFLD between medical specialties,
especially among PCPs and, to a smaller extent, endo-
crinologists. Because these providers are at the front
line of seeing patients with NAFLD, targeted educational
programs that would cover those who are most at risk
for NAFLD are warranted. Education on alcohol con-
sumption and liver biopsy and their role in NAFLD
diagnosis likely would be beneficial among all
providers.
Supplementary Material

Note: To access the supplementary material accom-
panying this article, please click here.



June 2022 NAFLD Awareness Among Physicians e1465
References

1. Younossi ZM. Non-alcoholic fatty liver disease - a global public

health perspective. J Hepatol 2019;70:531–544.

2. Younossi Z, Tacke F, Arrese M, et al. Global perspectives on
nonalcoholic fatty liver disease and nonalcoholic steatohepati-
tis. Hepatology 2019;69:2672–2682.

3. Younossi ZM, Koenig AB, Abdelatif D, et al. Global epidemi-
ology of nonalcoholic fatty liver disease-meta-analytic assess-
ment of prevalence, incidence, and outcomes. Hepatology
2016;64:73–84.

4. Younossi Z, Anstee QM, Marietti M, et al. Global burden of
NAFLD and NASH: trends, predictions, risk factors and pre-
vention. Nat Rev Gastroenterol Hepatol 2018;15:11–20.

5. Le P, Rothberg M, Gawieh S, et al. Prevalence and risk factors of
hepatic steatosis and fibrosis in American adults: a population-
based study. Hepatology 2020;72:404A.

6. Nyberg LM, Cheetham TC, Patton HM, et al. The natural history
of NAFLD, a community-based study at a large health care
delivery system in the United States. Hepatol Commun 2020;
5:83–96.

7. Paik JM, Golabi P, Younossi Y, et al. Changes in the global
burden of chronic liver diseases from 2012 to 2017: the growing
impact of NAFLD. Hepatology 2020;72:1605–1616.

8. Wong RJ, Aguilar M, Cheung R, et al. Nonalcoholic steatohe-
patitis is the second leading etiology of liver disease among
adults awaiting liver transplantation in the United States.
Gastroenterology 2015;148:547–555.

9. Alexander M, Loomis AK, Fairburn-Beech J, et al. Real-world
data reveal a diagnostic gap in non-alcoholic fatty liver disease.
BMC Med 2018;16:130.

10. Alqahtani S, Paik JM, Biswas R, et al. Poor awareness of liver
disease among adults with nonalcoholic fatty liver disease in the
United States. Hepatol Commun 2021;5:1833–1847.

11. Patel PJ, Banh X, Horsfall LU, et al. Underappreciation of non-
alcoholic fatty liver disease by primary care clinicians: limited
awareness of surrogate markers of fibrosis. Intern Med J 2018;
48:144–151.

12. Polanco-Briceno S, Glass D, Stuntz M, et al. Awareness of
nonalcoholic steatohepatitis and associated practice patterns of
primary care physicians and specialists. BMC Res Notes 2016;
9:157.

13. Ratziu V, Cadranel JF, Serfaty L, et al. A survey of patterns of
practice and perception of NAFLD in a large sample of practicing
gastroenterologists in France. J Hepatol 2012;57:376–383.

14. Matthias AT, Fernandopulle AN, Seneviratne SL. Survey on
knowledge of non-alcoholic fatty liver disease (NAFLD) among
doctors in Sri Lanka: a multicenter study. BMC Res Notes 2018;
11:556.

15. Casler K, Trees K, Bosak K. Providing care for fatty liver disease
patients: primary care nurse practitioners’ knowledge, actions,
and preparedness. Gastroenterol Nurs 2020;43:E184–E189.

16. Cheung A, Figueredo C, Rinella ME. Nonalcoholic fatty liver
disease: identification and management of high-risk patients.
Am J Gastroenterol 2019;114:579–590.

17. Global burden of disease regions used for WHO-CHOICE ana-
lyses. Available from: https://www.who.int/choice/demography/
regions/en. Accessed February 5, 2021.

18. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis and
management of nonalcoholic fatty liver disease: practice guid-
ance from the American Association for the Study of Liver Dis-
eases. Hepatology 2018;67:328–357.
19. Bedogni G, Bellentani S, Miglioli L, et al. The Fatty Liver Index: a
simple and accurate predictor of hepatic steatosis in the general
population. BMC Gastroenterol 2006;6:33.

20. Lee JH, Kim D, Kim HJ, et al. Hepatic steatosis index: a simple
screening tool reflecting nonalcoholic fatty liver disease. Dig
Liver Dis 2010;42:503–508.

21. Castellanos-Fernández MI, Borges-González SA, Stepanova M,
et al. Health-related quality of life in Cuban patients with chronic
liver disease: a real-world experience. Ann Hepatol 2020;
22:100277.

22. Younossi ZM, Stepanova M, Lawitz EJ, et al. Patients with nonal-
coholic steatohepatitis experience severe impairment of health-
related quality of life. Am J Gastroenterol 2019;114:1636–1641.

23. Younossi ZM, Stepanova M, Anstee QM, et al. Reduced patient-
reported outcome scores associate with level of fibrosis in pa-
tients with nonalcoholic steatohepatitis. Clin Gastroenterol
Hepatol 2019;17:2552–2560.e10.

24. European Association for the Study of the Liver (EASL); , Eu-
ropean Association for the Study of Diabetes (EASD); European
Association for the Study of Obesity (EASO). EASL-EASD-EASO
clinical practice guidelines for the management of non-alcoholic
fatty liver disease. J Hepatol 2016;64:1388–1402.

25. Eslam M, Sarin SK, Wong V, et al. The Asian Pacific Association
for the Study of the Liver clinical practice guidelines for the
diagnosis and management of metabolic associated fatty liver
disease. Hepatol Int 2020;14:889–919.

26. American Diabetes Association. Classification and diagnosis of
diabetes: standards of medical care in diabetes-2019. Diabetes
Care 2019;42(Suppl 1):S13–S28.

27. Eslam M, Newsome PN, Sarin SK, et al. A new definition for
metabolic dysfunction-associated fatty liver disease: an inter-
national expert consensus statement. J Hepatol 2020;
73:202–209.

28. Younossi ZM, Rinella ME, Sanyal AJ, et al. From NAFLD to
MAFLD: implications of a premature change in terminology.
Hepatology 2021;73:1194–1198.

29. Said A, Gagovic V, Malecki K, et al. Primary care practitioners
survey of non-alcoholic fatty liver disease. Ann Hepatol 2013;
12:758–765.

Reprint requests
Address requests for reprints to: Zobair M. Younossi, MD, MPH, Betty and Guy
Beatty Center for Integrated Research, Claude Moore Health Education and
Research Building, Inova Fairfax Medical Campus, 3300 Gallows Road, Falls
Church, Virginia 22042. e-mail: Zobair.Younossi@inova.org; fax: (703) 776-4386.

CRediT Authorship Contributions
Zobair M. Younossi, MD (Conceptualization: Lead; Investigation: Lead;

Methodology: Lead; Supervision: Lead; Writing – original draft: Equal; Writing –

review & editing: Lead)
Janus P. Ong (Investigation: Supporting; Writing – original draft: Lead;

Writing – review & editing: Supporting)
Hirokazu Takahashi (Data curation: Equal; Writing – review & editing: Equal)
Yusuf Yilmaz (Data curation: Equal; Writing – review & editing: Equal)
Yuichiro Eguchi (Data curation: Equal; Writing – review & editing: Equal)
Mohamed El Kassas (Data curation: Equal; Writing – review & editing:

Equal)
Maria Buti (Data curation: Equal; Writing – review & editing: Equal)
Moisés Diago (Data curation: Equal; Writing – review & editing: Equal)
Ming-Hua Zheng (Data curation: Equal; Writing – review & editing: Equal)
Jian-Gao Fan (Data curation: Equal; Writing – review & editing: Equal)
Ming-Lung Yu (Data curation: Equal; Writing – review & editing: Equal)
Vincent Wai-Sun Wong (Data curation: Equal; Writing – review & editing:

Equal)
Khalid Alswat (Data curation: Equal; Writing – review & editing: Equal)
Wah-Kheong Chan (Data curation: Equal; Writing – review & editing: Equal)
Nahum Mendez-Sanchez (Data curation: Equal; Writing – review & editing:

Equal)

http://refhub.elsevier.com/S1542-3565(21)00719-9/sref1
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref1
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref1
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref2
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref2
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref2
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref2
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref3
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref3
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref3
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref3
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref3
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref4
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref4
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref4
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref4
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref5
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref5
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref5
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref6
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref6
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref6
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref6
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref6
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref7
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref7
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref7
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref7
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref8
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref8
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref8
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref8
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref8
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref9
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref9
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref9
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref10
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref10
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref10
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref10
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref11
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref11
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref11
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref11
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref11
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref12
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref12
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref12
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref12
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref13
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref13
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref13
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref13
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref14
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref14
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref14
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref14
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref15
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref15
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref15
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref15
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref16
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref16
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref16
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref16
https://www.who.int/choice/demography/regions/en
https://www.who.int/choice/demography/regions/en
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref18
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref18
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref18
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref18
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref18
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref19
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref19
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref19
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref20
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref20
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref20
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref20
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref21
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref21
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref21
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref21
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref22
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref22
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref22
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref22
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref23
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref23
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref23
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref23
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref23
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref24
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref24
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref24
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref24
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref24
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref24
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref25
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref25
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref25
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref25
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref25
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref26
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref26
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref26
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref26
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref27
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref27
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref27
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref27
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref27
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref28
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref28
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref28
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref28
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref29
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref29
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref29
http://refhub.elsevier.com/S1542-3565(21)00719-9/sref29
mailto:Zobair.Younossi@inova.org


e1466 Younossi et al Clinical Gastroenterology and Hepatology Vol. 20, No. 6
Patrizia Burra (Data curation: Equal; Writing – review & editing: Equal)
Elisabetta Bugianesi (Data curation: Equal; Writing – review & editing: Equal)
Ajay K. Duseja (Data curation: Equal; Writing – review & editing: Equal)
Jacob George (Data curation: Equal; Writing – review & editing: Equal)
George V. Papatheodoridis (Data curation: Equal; Writing – review & edit-

ing: Equal)
Hamid Saeed (Data curation: Equal; Writing – review & editing: Equal)
Laurent Castera (Data curation: Equal; Writing – review & editing: Equal)
Marco Arrese (Data curation: Equal; Writing – review & editing: Equal)
Marcelo Kugelmas (Data curation: Equal; Writing – review & editing: Equal)
Manuel Romero-Gomez (Data curation: Equal; Writing – review & editing:

Equal)
Saleh Alqahtani (Data curation: Equal; Writing – review & editing: Equal)
Mariam Ziayee (Data curation: Equal; Writing – review & editing: Equal)
Brian Lam (Data curation: Equal; Writing – review & editing: Equal)
Issah Younossi (Project administration: Lead)
Andrei Racila (Data curation: Supporting; Project administration: Equal;

Software: Lead)
Linda Henry (Writing – original draft: Supporting; Writing – review & editing:

Lead)
Maria Stepanova (Formal analysis: Lead; Methodology: Lead; Writing –

original draft: Equal; Writing – review & editing: Equal)

Conflicts of interest
The authors disclose no conflicts.

Funding
This study was funded by the Center for Outcomes Research in Liver Diseases
(COR-LD), Washington, DC, USA.



Supplementary Table 1. Country of Origin of Participating Physicians, by Global Burden of Disease Super-regions17

Hepatologists Gastroenterologists Endocrinologists Primary care and other Alla

High-income super-region
Argentina and Chile 21 19 6 9 55
Australia 27 26 1 3 57
EU (France, Italy, Greece, and Spain) 90 30 1 5 126
Japan 85 133 43 393 654
United States 56 109 14 31 210
Subtotala 283 318 65 441 1107

Latin America and the Caribbean
Brazil 8 3 0 0 11
Colombia 4 5 0 0 9
Costa Rica 1 3 0 0 4
Cuba 1 3 0 0 4
Dominican Republic 1 3 0 0 4
Ecuador 2 3 0 0 5
Mexico 5 28 6 28 67
Peru 4 7 0 0 11
Subtotala 28 58 6 28 120

North Africa and the Middle East
Egypt 81 46 5 13 145
Saudi Arabia, UAE, and Kuwait 29 56 3 10 98
Turkey 16 79 32 220 347
Subtotala 128 182 40 244 594

South Asia
India 25 34 1 8 68
Pakistan 5 5 19 8 37
Subtotala 30 39 20 16 105

Southeast Asia
China 9 98 13 39 159
Malaysia 4 32 4 36 76
Philippines 4 31 0 3 38
Subtotala 17 161 17 78 273

EU, European Union; UAE, United Arab Emirates.
aIn addition, there were fewer than 3 participants from the following countries: Afghanistan, Bahrain, Canada, Guatemala, Honduras, Iraq, Ireland, Jordan, Norway,
Paraguay, South Korea, Uruguay, and Venezuela; 3 other participants had country information missing.
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Supplementary Table 2. Survey of NAFLD Practice Among Completers of the Specialist Version of the Survey (Hepatologists,
Gastroenterologists)

Hepatologists Gastroenterologists P All specialists

In your practice, what percentage of patients with NAFLD have normal aminotransferase levels?
<20% 70 (14.4%) 96 (12.8%) .44 166 (13.4%)
20%–30% 106 (21.8%) 142 (18.9%) 248 (20.0%)
31%–40% 59 (12.1%) 102 (13.6%) 161 (13.0%)
41%–50% 66 (13.6%) 95 (12.6%) 161 (13.0%)
>50% 160 (32.9%) 263 (35.0%) 423 (34.2%)
Do not know 25 (5.1%) 54 (7.2%) 79 (6.4%)

In your expert opinion, what are the indications for liver biopsy (check all that apply)?
Other liver diseases that can co-exist with

steatohepatitis
359 (73.6%) 503 (66.4%) .0072 862 (69.2%)

Presence of metabolic syndrome, which places the
patient at risk for steatohepatitis

122 (25.0%) 160 (21.1%) .11 282 (22.6%)

High NAFLD fibrosis score or other noninvasive
markers of fibrosis with presence of fat by
imaging

239 (49.0%) 323 (42.6%) .0276 562 (45.1%)

Chronically increased liver enzyme levels for more
than 6 months

211 (43.2%) 339 (44.7%) .61 550 (44.1%)

None 13 (2.7%) 25 (3.3%) .53 38 (3.0%)

What proportion of your patients with NAFLD do you send for liver biopsy?
<10% 330 (68.2%) 574 (77.0%) .0013 904 (73.6%)
10% to <30% 113 (23.3%) 129 (17.3%) 242 (19.7%)
30% to <50% 33 (6.8%) 26 (3.5%) 59 (4.8%)
�50% 8 (1.7%) 16 (2.1%) 24 (2.0%)

In your practice, at what stage will NASH usually be diagnosed?
F1 79 (16.4%) 118 (15.8%) .0394 197 (16.0%)
F2 233 (48.2%) 308 (41.3%) 541 (44.1%)
F3 106 (21.9%) 177 (23.8%) 283 (23.0%)
F4 20 (4.1%) 34 (4.6%) 54 (4.4%)
Do not know 45 (9.3%) 108 (14.5%) 153 (12.5%)

Do you use pharmacotherapy only in patients with
NASH?
Yes 250 (51.7%) 357 (48.0%) .22 607 (49.5%)
No 234 (48.3%) 386 (52.0%) 620 (50.5%)

NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis.
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