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BACKGROUND: Nonalcoholic fatty liver disease (NAFLD)
is the most common chronic liver disease in the United
States, yet little is known about NAFLD awareness in
individuals with incidental fatty liver on imaging.
OBJECTIVE: To assess the level of awareness of imaging-
defined NAFLD among individuals with and without met-
abolic risk factors.
DESIGN: Cross-sectional analysis within a prospective
longitudinal population-based cohort study conducted
in four U.S. cities.
PARTICIPANTS: Adults age 43 to 55 years enrolled in the
Coronary Artery Risk Development in Young Adults
(CARDIA) Study who underwent computed tomography
and a personal health questionnaire at the year 25 exam
(2010–2011, n = 2788).
MAIN MEASURES: NAFLD was defined as liver attenua-
tion ≤ 51 Hounsfield units after exclusion of other causes
of liver fat. Participants were considered “NAFLD aware” if
they reported being told previously by a doctor or nurse
that they had “fatty liver.”
KEYRESULTS:NAFLDprevalencewas 23.9%.Only 16 of
667 (2.4%) participants with CT-defined NAFLD were
aware of a NAFLD diagnosis. NAFLD aware participants
were more likely to be white (81.3% vs. 53.5%, p = 0.03)
and have the metabolic syndrome (87.5% vs. 59.3%, p =
0.02) and/or hypertension (75.0% vs. 50.2%, p = 0.05). In
multivariable analyses adjusted for demographics, meta-
bolic syndrome and hypertension remained predictive of
NAFLD awareness.
CONCLUSION: There is low awareness of NAFLD among
individuals with hepatic steatosis on imaging, even
among those with metabolic risk factors. These findings
highlight an opportunity to raise public and practitioner
awareness of NAFLD with the goal of increasing diagnosis
and implementing early treatment strategies.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a growing health
burden in the United States (U.S.) and internationally with the
global prevalence estimated at 25.2%.1 It is the most common
cause of chronic liver disease in the U.S., accounting for up to
75% of all liver disease.2 NAFLD occurs more frequently
among patients with the metabolic syndrome and as the prev-
alence of obesity, diabetes mellitus, and hypertension in-
creases, the NAFLD burden continues to rise in parallel.3

Patients with NAFLD have higher overall mortality com-
pared with matched control populations without NAFLD.4

Cardiovascular disease is the most common cause of death
in NAFLD independent of other metabolic comorbidities.3

NAFLD represents a disease spectrum ranging from isolated
hepatic steatosis, which carries relatively lower risk of liver
disease progression, to steatosis plus inflammation (nonalco-
holic steatohepatitis, NASH) with or without fibrosis, which
may eventually progress to cirrhosis.3 Patients with histolog-
ically confirmed NASH are at highest risk of liver-related
morbidity and mortality.5

NAFLD is diagnosed by the detection of fatty liver on
imaging after exclusion of other causes of liver fat,3 and thus
is commonly an incidental finding on imaging studies obtain-
ed for other indications. Little is known about NAFLD aware-
ness in nonclinical populations with fatty liver on imaging.
Despite numerous cross-sectional population-based studies
that estimate the prevalence of NAFLD in the U.S. (e.g.,
National Health and Nutrition Examination Survey, Multieth-
nic Study of Atherosclerosis, Framingham), none have pub-
lished data describing participant awareness of an imaging-
based NAFLD diagnosis at the time of NAFLD assessment.
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Here we aimed to assess the prevalence of participant
awareness of imaging-defined NAFLD among individuals
with and without metabolic risk factors in a biracial, popula-
tion-based, well-phenotyped prospective longitudinal cohort
study. Secondary objectives included examining the effect of
metabolic risk factors, race, socioeconomic status, and sex on
the prevalence of NAFLD awareness.

METHODS

Study Design and Sample

The Coronary Artery Risk Development in Young Adults
(CARDIA) Study is a multicenter, prospective, longitudinal
cohort study of lifestyle and cardiovascular risk factors in
young adults. Between 1985 and 1986, 5115 participants were
recruited across four U.S. cities (Birmingham, AL; Chicago,
IL; Minneapolis, MN; Oakland, CA). The study design has
been previously published.6 Participants were balanced by
sex, race (white or black), age (18–24 years old or 25–
30 years old), and education level (≤ high school or > high
school). Follow-up visits were conducted at years 2, 5, 7, 10,
15, and 25 with retention of 72% of participants at year 25
(2010–2011). The CARDIA Study is ongoing (year 30 exam
completed in 2016). Informed consent was obtained at each
follow-up examination.
The present report includes 3498 CARDIA participants

(age 43–55) who participated in the year 25 exam between
June 2010 and August 2011 and underwent cross-sectional
imaging with noncontrast computed tomography (CT) scan-
ning of the abdomen. Participants were excluded if they were
pregnant, weighed greater than 450 pounds or were unable to
fit in the CT scanner, or had missing covariates (n = 339).
Participants with other self-reported causes of liver fat, includ-
ing heavy alcohol use (defined as > 14 standard drinks per
week for women or > 21 standard drinks per week for men),
human immunodeficiency virus (HIV), hepatitis C virus
(HCV), and medications known to cause hepatic steatosis
(e.g., amiodarone, diltiazem, methotrexate, valproate, tamox-
ifen), were also excluded (n = 434) (Fig. 1).

Data Collection

Standardized protocols for data collection were consistent
across all study centers and have been previously described.7

The CT scans were performed using multidetector CT scan-
ners from either General Electric (GE 750HD 64 and GE
LightSpeed VCT 64 Birmingham and Oakland Centers, re-
spectively; GE Healthcare, Waukesha, WI) or Siemens (Sen-
sation 64, Chicago and Minneapolis Centers; Siemens Medi-
cal Solutions, Erlangen, Germany). Liver attenuation was
measured in three regions of the right lobe of the liver across
three separate CT slices and was reported as the average of
nine measurements. Any hepatic steatosis was defined as liver
attenuation ≤ 51 Hounsfield units, which approximates a liver/

spleen ratio < 1.0.8 Moderate-to-severe hepatic steatosis was
defined as liver attenuation ≤ 40 Hounsfield units.9, 10 Image
analysis and quality control were performed at a core reading
center (Wake Forest University Health Sciences, Winston-
Salem, NC). Quality control reviews were conducted on ap-
proximately 5% of studies. The interclass correlation coeffi-
cient (ICC) between different readers on this randomly select-
ed sample of 156 participants was 0.975 for liver attenuation,
indicating high reproducibility of CT-measured liver attenua-
tion in this study.
Demographic and medical characteristics of the participants

were obtained from the CARDIA database. Variables collected
included age, sex, income, education level, body mass index
(BMI), blood pressure, medications, daily alcohol use, level of
physical activity, medical comorbidities, and variables related
to access to healthcare (e.g., identified usual source of medical
care and perceived difficulty obtaining health services).
Body weight was measured to the nearest 0.2 kg with

a calibrated balance beam scale. Height was measured
with a vertical ruler to the nearest 0.5 cm. Seated blood
pressure was measured three times at 1-min intervals
after 5 min of resting, and the second and third mea-
surements were averaged. Fasting blood was drawn in
the seated position, separated, and plasma frozen to −
70 °C prior to analysis in a central laboratory.6 Glucose
was assayed using the hexokinase method and insulin
by the Elecsys sandwich immunoassay. Total cholesterol,
high-density lipoprotein (HDL) cholesterol, and triglyc-
erides were measured enzymatically at the Northwest
Lipid Laboratory.11 LDL cholesterol was calculated
using the Friedewald equation.
Obesity was defined as body mass index (BMI) ≥ 30 kg/

m2.12 Hypercholesterolemia was defined as a total cholesterol
level of ≥ 240 mg/dl. Hypertension was defined as antihyper-
tensive medication use and/or systolic blood pressure ≥
140 mmHg or diastolic blood pressure ≥ 90 mmHg. Diabetes
was defined as fasting plasma glucose ≥ 126 mg/dl, treatment
with insulin or hypoglycemic agent, 2-h post-challenge glu-
cose ≥ 200 mg/dl, and/or HbA1c ≥ 6.5%. The modified Na-
tional Cholesterol Education Program Adult Treatment Panel
III criteria were used to define the metabolic syndrome.13 To
quantify physical activity (reported as exercise units (EU)), the
CARDIA physical activity history questionnaire was used,
which was an interviewer-based self-report of duration and
intensity of participation in 13 categories of exercise over the
previous 12 months.14 As a reference, 300 EU approximates
150 min of moderate-intensity activity per week or 30 min of
moderate-intensity activity 5 days per week.14

Survey Design

Surveys were administered prior to CT imaging to all study
participants during the year 25 exam to determine whether
they were aware of any prior diagnosis of NAFLD. Specifi-
cally, they were asked to respond to the question “Has a doctor
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or nurse ever said that you have liver disease?” For all “yes”
responses, participants were then asked to specify, “What type
of liver disease: (a) hepatitis (type A, B, C or unsure), (b)
cirrhosis, (c) fatty liver, (d) other or (e) don’t know.” Those
participants who responded “yes” to the first question and
specified “fatty liver” in the second question were considered
to be “NAFLD aware.” All other participants were “NAFLD
unaware” (Fig. 1).

Statistical Analysis

Characteristics were compared by self-reported NAFLD status
(unaware vs. aware) using generalized linear models for con-
tinuous variables and chi-square or Fisher’s exact test for
categorical variables. Logistic regression models were used
to quantify cross-sectional associations between metabolic
covariates and self-reported NAFLD status (aware vs. un-
aware). Covariates in the multivariable model were chosen a
priori for clinical importance. The multivariable model was
adjusted for age, race, sex, education, and income level. Inter-
action terms were generated between race and sex in terms of
NAFLD awareness status. Because no interactions by race or
sex were noted, all models include only main effects for race
and sex. Sensitivity analysis was performed a priori that in-
cluded all participants who reported any history of known liver
disease regardless of subtype as well as participants with
moderate-to-severe hepatic steatosis. A p value < 0.05 was
considered statistically significant. Analyses were performed
using SAS 9.2 (SAS institute, Cary, NC).

IRB Approval

Institutional Review Board (IRB) approval was obtained from
all study sites prior to data collection. All CARDIA documents
are publicly available at: https://www.cardia.dopm.uab.edu/.

RESULTS

Among 2788 participants who were included in this study, 667
(23.9%) had any CT-defined NAFLD and 272 (9.8%) had
moderate-to-severe NAFLD. Among those with any NAFLD,
the mean participant age was 50.4 (SD, 3.6 years), 301
(45.1%) were female, and 306 (45.9%) were black. The vast
majority of participants reported having a usual source of
medical care (92.6%). In the NAFLD group, 50.8% had a
diagnosis of hypertension, 32.6% had hyperlipidemia, and
29.2% had diabetes. The mean body mass index (BMI) was
35.2 (SD, 7.3 kg/m2) with 76.5% of participants being classi-
fied as obese (BMI ≥ 30). Four hundred (60.0%) met criteria
for the metabolic syndrome (Appendix Table 1 online).
Although the prevalence of any NAFLD in CARDIA was

23.9%, only 16 of 667 participants (2.4%) with any CT-
defined NAFLD were aware of a NAFLD diagnosis. Even
when the definition was broadened to include any self-
reported liver disease, only 34 participants (5.1%) reported
knowing about a prior diagnosis. Among patients with
moderate-severe hepatic steatosis, 5 of 272 (1.8%) participants
were aware of a NAFLD diagnosis.

Figure 1 Study design. NAFLD was defined as mean liver attenuation ≤ 51 Hounsfield units (equivalent to a liver spleen ratio < 1.0) after
exclusion of other causes of fatty liver. CT, computed tomography; NAFLD, nonalcoholic fatty liver disease; HIV, human immunodeficiency
virus. Asterisk symbol denotes heavy alcohol use defined as > 14 drinks/week for women, > 21 drinks/week for men. Dagger symbol denotes

medications amiodarone, diltiazem, methotrexate, valproate, tamoxifen
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Participants who were NAFLD aware were more likely to
be white than participants who were unaware of a NAFLD
diagnosis (81.3% vs. 54.1%, p = 0.028). There were no sig-
nificant differences in age, sex, education level, income, or
reported access to medical care between the NAFLD aware
and NAFLD unaware groups. There were also no differences
in average alcohol use or amount of physical activity between
the groups (Table 1).
Participants who were aware of a NAFLD diagnosis

were more likely to have the metabolic syndrome than
NAFLD unaware participants (87.5% vs. 59.3%, p =
0.023). NAFLD aware participants were also more likely
to have hypertension (75.0% vs. 50.2%, p = 0.050) than
unaware participants. Individually, there were no signifi-
cant differences in BMI, waist circumference, prevalence
of diabetes, or prevalence of hyperlipidemia between the
NAFLD aware and unaware groups.
In multivariable analyses adjusted for demographics (age,

race, sex, education, and income), the presence of the meta-
bolic syndrome and hypertension was associated with higher
NAFLD awareness (OR 5.39, 95% CI 1.2–24.2 and OR 4.99,
95% CI 1.52–16.37, respectively). Despite this association,
the prevalence of NAFLD awareness even among participants
with the metabolic syndrome was low (3.5%). In sensitivity

analyses using self-report of any liver disease (n = 34), these
associations did not change (data not shown).

DISCUSSION

Our data demonstrate strikingly low awareness of fatty
liver among a population-based sample of asymptomatic,
middle-age adults with hepatic steatosis on imaging. The
presence of the metabolic syndrome and hypertension
was associated with increased NAFLD awareness; how-
ever, low awareness was present even among partici-
pants with metabolic risk factors that are associated with
increased risk for severe liver disease and death. In
conjunction with the high prevalence of hepatic steatosis
noted among this sample of U.S. adults, the lack of
disease awareness highlights the need for improved ed-
ucation and allocation of resources in our approach to
the growing NAFLD epidemic.
Study participants’ lack of awareness of a NAFLD diagno-

sis is likely multifactorial. Possible factors include the asymp-
tomatic nature of NAFLD early in the disease course, the lack
of current screening guidelines for the disease, and poor un-
derstanding of NAFLD among patients and providers. Be-

Table 1 Demographic and Clinical Characteristics of “NAFLD Aware” and “NAFLD Unaware” Participants

Characteristics Participants with any NAFLD
(N = 667)*

NAFLD aware
(N = 16)*

NAFLD unaware
(N = 651)*

p value†

Age, years, mean (SD) 50.4 (3.6) 50.8 (4.2) 50.4 (3.6) 0.70
Women (%) 45.1 62.5 44.7 0.16
White (%) 54.1 81.3 53.5 0.03
Socioeconomic status
Highest grade completed, mean (SD) 14.9 (2.6) 15.8 (2.6) 14.8 (2.6) 0.17
Income > $50,000 (%) 60.1 75.0 59.8 0.22

Access to medical care
Report regular source of medical care (%) 92.6 100.0 92.5 0.25
Report difficulty accessing healthcare‡ (%) 11.7 6.3 11.8 0.88

BMI (kg/m2), mean (SD) 35.2 (7.3) 34.9 (6.8) 35.2 (7.3) 0.88
Obese, BMI ≥ 30 (%) 76.5 75.0 76.6 0.88
Waist circumference (cm), mean (SD) 108.5 (14.8) 107.3 (14.3) 108.5 (14.8) 0.73
Glomerular filtration rate (ml/min/1.73 m2), mean (SD) 97.6 (22.8) 95.8 (20.3) 97.6 (22.9) 0.75
Comorbidities (%)
Hypercholesterolemia§ 32.6 18.8 32.9 0.23
Hypertension|| 50.8 75.0 50.2 0.05
Diabetes mellitus¶ 29.2 25.0 29.3 0.71
Metabolic syndrome** 60.0 87.5 59.3 0.02

Medication usage (%)
Diabetes medication 19.1 12.5 19.3 0.50
Hypertension medication 41.1 68.8 40.4 0.02
Lipid-lowering medication 24.1 18.8 24.3 0.61

Alcohol use (%) 46.5 35.7 46.8 0.41
Daily alcohol use, g/day, mean (SD) 5.0 (7.5) 4.0 (6.8) 5.0 (7.5) 0.62
Physical activity (exercise units/week), mean (SD) 294 (256) 232 (164) 296 (257) 0.32

Any NAFLD was defined as mean liver attenuation ≤ 51 Hounsfield units (equivalent to a liver spleen ratio < 1.0) after exclusion of other causes of fatty
liver
*N as listed except where data are missing
†p value denotes differences between “NAFLD aware” and “NAFLD unaware”
‡Responded “hard” or “very hard” in response to survey question, “How hard is it to get needed health services?”
§Total cholesterol ≥ 240 mg/dl
||Antihypertensive medication use and/or systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg
¶Fasting plasma glucose ≥ 126 mg/dl, treatment with insulin or hypoglycemic agent, 2-h post-challenge glucose ≥ 200 mg/dl, and/or hemoglobin A1c ≥
6.5%
**Defined using Adult Treatment Panel III criteria
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cause hepatic steatosis generally does not lead to symptoms
until the disease has progressed to the point of advanced
fibrosis or cirrhosis, the disease may go undetected for years.
Even among those following regularly with a physician,
NAFLD is often detected incidentally on imaging exams done
for other purposes.
In this study, hepatic steatosis was an incidental finding

rather than a diagnosis made as part of the workup of a clinical
abnormality, such as abnormal liver chemistries. It is important
to note that elevated liver chemistries are not an appropriate
diagnostic tool for NAFLD as many patients with NAFLD
will have normal liver chemistries, and elevated liver chemis-
tries have poor prognostic ability for the diagnosis of NASH.3,
15 In contrast, liver ultrasound or transient elastography is
more sensitive than liver chemistries for detection of hepatic
steatosis; however, their effectiveness as screening tools has
not been systematically investigated.15

Importantly, current guidance from the American Asso-
ciation for the Study of Liver Diseases (AASLD) does not
recommend routine screening for NAFLD in either the
general population or among high-risk groups, because
of uncertainties surrounding diagnostic tests and cost-ef-
fectiveness.16 However, the European Association for the
Study of the Liver (EASL) does recommend screening for
NAFLD with liver enzymes and/or ultrasound as part of
the workup of individuals with obesity or the metabolic
syndrome.17 Alternatively, some groups have recommend-
ed increased vigilance in high-risk groups, such as pa-
tients with diabetes.18 Notably, one recent study demon-
strated that 11% of people with incidental hepatic steatosis
on imaging are at high risk of advanced hepatic fibrosis
based on the NAFLD fibrosis score and may represent a
target population warranting further evaluation by a liver
specialist.19

In addition to uncertainty regarding the role of screening in
NAFLD, there is a lack of public understanding about the
disease that likely contributed to the low awareness noted in
our cohort. Prior cross-sectional clinical studies have shown
poor awareness of NAFLD as a disease entity, including
among those patients at high metabolic risk.20, 21 In one study
in an outpatient endocrinology clinic, less than 20% of patients
surveyed had heard of NAFLD.22 This poor understanding of
NAFLD is particularly problematic given that lifestyle chang-
es remain the most effective method for altering the disease
course.
Unfortunately, poor public awareness may stem from

poor disease understanding among practitioners, who
may underestimate the prevalence of NAFLD and ex-
press uncertainty about its management.23, 24 Although
the majority of primary care providers in one study
identified NAFLD as an important health problem, they
underestimated its prevalence and only 27% reported
referring NAFLD patients to a specialist in hepatology.23

Nonhepatology sub-specialists also underestimate the
prevalence of NAFLD. In one survey-based study of

nongastroenterology subspecialists that included endocri-
nologists and cardiologists, 75% of respondents estimat-
ed the prevalence of NAFLD to be ≤ 10%.25 Further-
more, practitioners may not be talking with their pa-
tients about the risks of fatty liver before it develops.
In one survey of 5000 Brooklyn residents approached in
a nonmedical setting, 98% had never had a discussion
with their doctor about NAFLD.20

Collectively, lack of practitioner experience combined
with low patient awareness of NAFLD has potential im-
plications for targeting “at-risk” populations for education,
risk factor reduction, and appropriate referral of high-risk
patients to hepatology clinics. NAFLD puts patients at
higher risk for both liver-related and overall mortality.26,
27 NASH, as compared with hepatic steatosis without
inflammation, is associated with more rapid progression
of fibrosis.28 This is important because hepatic fibrosis is
the primary predictor of liver-related mortality in
NAFLD.29 Once NAFLD is identified, clinical prediction
rules (e.g., NAFLD Fibrosis Score and FIB-4) and tran-
sient elastography can be used to noninvasively risk strat-
ify patients. This allows for more targeted intervention in
those at highest risk of advanced disease, which will
become increasingly relevant as new therapies are ap-
proved. Counseling and risk modification are appropriate
for patients at all stages of disease, and while there are no
definitive data yet that such interventions will reduce liver
disease progression rates, they should result in improved
cardiovascular health, which is the most important cause
of morbidity and mortality in NAFLD overall. Ideally,
awareness of NAFLD will continue to improve among
providers and the public going forward, so that patients
can be risk stratified and appropriately counseled on in-
terventions that are likely to improve metabolic and liver
health.
Several limitations to this study should be noted. First,

disease awareness is a result of multiple factors, including
whether the diagnosis has previously been made and com-
municated to the patient, and whether that patient has
retained the information. This analysis only reflects the
end point of those processes and therefore limits our
ability to interpret the underlying reasons why so few
people are aware of a diagnosis of NAFLD. Second, CT
has limited sensitivity for detection of hepatic steatosis
compared with magnetic resonance imaging, which may
have led to falsely low estimates of prevalence in this
cohort.30 Third, certain data that might be helpful in
characterizing an individual’s severity of liver disease
are not available, such as liver chemistries and noninva-
sive liver fibrosis scores. Additionally, the threshold for
detection of hepatic steatosis used in the current study
(e.g., ≤ 51 HU, which is equivalent to a liver spleen ratio
< 1.0) has high sensitivity but reduced specificity for
diagnosis of NAFLD compared with lower liver attenua-
tion thresholds.31, 32 Thus, some CARDIA participants
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may have been misclassified as having NAFLD. However,
when a lower threshold of ≤ 40 HU (equivalent to
moderate-severe hepatic steatosis) was used, the preva-
lence of NAFLD awareness was similar. Finally, the small
number of “NAFLD aware” participants limits statistical
power to assess for multiple predictors of NAFLD
awareness.
In summary, our findings highlight a need for improved

public and physician understanding of NAFLD, which repre-
sents an increasingly prevalent disease with significant asso-
ciated morbidity and mortality. The lack of awareness demon-
strated here also represents an opportunity for increased edu-
cation and allocation of resources to facilitate linkage to care
for patients with incidentally diagnosed NAFLD in order to
prevent liver and nonliver-related adverse outcomes related to
this burgeoning disease.
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