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Abstract

Studies have examined nonalcoholic fatty liver disease (NAFLD) prevalence
and severity in Asians; however, this is not well understood in Asian Americans
(both East and South Asian Americans) as few studies have analyzed this
population. We aimed to describe characteristics, prevalence of NAFLD,
and its severity in Asian Americans in the National Health and Nutrition
Examination Surveys (NHANES) from 2017 to 2018. Respondents 18years
and older with interview, laboratory testing, and transient elastography data
were included. Other causes of liver disease were excluded. Controlled at-
tenuation parameter (CAP) cutoff=>274dB/m, as published in the literature,
defined NAFLD. Sensitivity analysis for CAP cutoffs=248 and =302 dB/m
were performed. We found that 450 out of 3639 respondents were Asian
Americans, and prevalence using CAP =274 dB/m was 43.23%. Using sensi-
tivity analysis cutoffs of CAP=248dB/m and CAP2=302dB/m, the prevalence
was 57.38% and 28.03%, respectively. Compared with non-Asian Americans
with NAFLD, Asian Americans with NAFLD had significantly lower body
mass index (BMI) and less prevalent smoking history. Comorbidities, such as
prediabetes, diabetes, and hypertension, were not significantly different be-
tween Asian and non-Asian Americans with NAFLD. Compared to non-Asian
Americans with NAFLD, Asian Americans with NAFLD exhibited higher ami-
notransferases and triglycerides. Fibrosis assessed by transient elastography
was not significantly different between Asian and non-Asian Americans with
NAFLD. Despite decreased prevalence of BMI=30kg/m?, Asian Americans
experienced similar NAFLD prevalence with increased hepatocellular injury
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and triglyceridemia compared to non-Asian Americans. Fibrosis stages were
similar to non-Asian Americans.

INTRODUCTION

Nonalcoholic liver disease (NAFLD) is the lead-
ing cause of chronic liver disease worldwide.["?
Cardiometabolic risk factors associated with meta-
bolic syndrome, such as obesity, diabetes, hyperten-
sion, and hyperlipidemia, increase the risk of NAFLD
and disease progression to nonalcoholic steatohep-
atitis (NASH), fibrosis, and even cirrhosis.®! Despite
these cardiometabolic risk factors, NAFLD develops
in 10%-20% of Americans without obesity (body
mass index [BMI]<30kg/m? in non-Asians, <25kg/m?
in Asians) or Americans who are lean (BMI<25kg/m?
in non-Asians, <23kg/m? in Asians).! Compared to
those with non-lean NAFLD, those with lean NAFLD
exhibit lower rates of cirrhosis, diabetes, dyslipidemia,
and hypertension.[5]

In Asia, the overall prevalence of NAFLD is 29.62%,
and this has increased over time.l® Approximately
8%—-19% of Asians who are not obese or are lean
have NAFLD, and Asians with nonobese/lean NAFLD
exhibit less severe metabolic features compared
to Asians with obese NAFLD.!"! Although Asian
Americans comprise one of the most rapidly grow-
ing ethnic minorities in the United States, with Asian
Americans accounting for nearly half of individuals
with nonobese/lean NAFLD, the prevalence of NAFLD
and its severity among Asian Americans remain
poorly characterized, especially in a large real-world
cohort across the United States.>® Studies inves-
tigating NAFLD have frequently lumped Asians or
Asian Americans into overall analyses of nonobese/
lean NAFLD cohorts; yet, assessing NAFLD in Asian
Americans separately remains important due to pos-
sibly distinct genetic signatures and lifestyle factors,
including diet and cultural influences, among Asian
Americans. In a cross-sectional National Health and
Examination Nutrition Survey (NHANES) study using
ultrasound combined with fatty liver index from the
2011 to 2016 cycle to compare non-Hispanic Whites
with NAFLD (prevalence, 28.4%) to Asian Americans
with NAFLD (prevalence, 18.3%), Asian Americans
with NAFLD were found to have a lower BMI and
waist circumference and lower likelihood of coexist-
ing metabolic syndrome or cardiovascular disease.”!
Presence of type 2 diabetes was independently asso-
ciated with advanced fibrosis (defined by at least one
of the following noninvasive tests: aminotransferase-
to-platelet ratio>1.0, fibrosis-4 index>2.67, or NAFLD
fibrosis score>0.676) in Asian Americans with
NAFLD.®! However, this study was limited in that

various degrees of fibrosis staging were not readily
available by liver biopsy or more accurate noninva-
sive test assessment.”’ Overall, the prevalence and
severity of NAFLD is not well understood in Asian
Americans as this population is usually combined
with other subjects with nonobese/lean NAFLD in
analyses. A recent study that used NHANES 2017—
2018 and vibration controlled transient elastography
(VCTE) to assess the prevalence of NAFLD did not
focus on Asian Americans. Therefore, the prevalence
of NAFLD in Asian Americans remains unclear./'”

In this study, we aimed to determine the preva-
lence and characterization of NAFLD, its severity,
and its comorbidities among Asian Americans by
using controlled attenuation parameter (CAP) and
liver stiffness measurements (LSMs) on VCTE in the
most recent cycle of the NHANES data from 2017 to
2018 and to compare these characteristics to those
among non-Asian Americans.'% As transient elas-
tography is more accurate than ultrasound used in
prior studies in assessing steatosis and degree of
fibrosis, we developed highly accurate estimations
of NAFLD disease prevalence and severity. To our
knowledge, this cross-sectional study comprises the
largest nationally representative population of Asian
Americans to date with access to VCTE assessments
that empower accurate classification of steatosis and
fibrosis by CAP and LSM, respectively. We hypothe-
sized that risk factors, prevalence of NAFLD, sever-
ity of NAFLD, and comorbidities varied among Asian
Americans compared to non-Asian Americans, inde-
pendent of BMI.

MATERIALS AND METHODS
Data source

The National Center for Health Statistics at the Centers
for Disease Control and Prevention conducts NHANES,
a nationally representative, cross-sectional, multistage
study of the nonmilitary and noninstitutionalized popu-
lation of the United States and releases the NHANES
data once every 2years. NHANES data incorporate
self-reported interviews and clinical examinations
from survey subjects. Each survey subject chosen at
random undergoes interviews on demographics, so-
cioeconomic background, diet, and health-related in-
formation followed by physical examination at a mobile
examination center that includes laboratory blood test-
ing and VCTE (FibroScan) assessments.["
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Patient selection

We analyzed pooled data from the NHANES cycle con-
ducted from 2017 to 2018. Subjects =18 years old were
included, whereas subjects with excessive alcohol use
(seven or more drinks per week for women, 14 or more
drinks per week for men), as determined using alco-
hol questionnaires, or with human immunodeficiency
virus (HIV) or viral hepatitis B, C, D, or E infection were
excluded. Those who did not undergo FibroScan were
also excluded. The demographic and clinical character-
istics among participants and nonparticipants of VCTE
examinations are detailed in Table S1. Asian Americans
included those who considered themselves to be Asian
Indian, Bangladeshi, Bengalese, Bharat, Bhutanese,
Burmese, Cambodian, Cantonese, Chinese, Dravidian,
East Indian, Filipino, Goanese, Hmong, Indochinese,
Indonesian, lwo Jiman, Japanese, Korean, Laohmong,
Laotian, Madagascar/Malagasy, Malaysian, Maldivian,
Mong, Nepalese, Nipponese, Okinawan, Pakistani,
Siamese, Singaporean, Sri Lankan, Taiwanese, Thai,
or Vietnamese. Non-Asian Americans included those
who considered themselves to be Hispanic, American
Indian or Alaska Native, African American, Native
Hawaiian or Pacific Islander, White, or other.

Definition

VCTE (FibroScan) assessments were included, and
CAP and LSM data were collected. Subjects were de-
termined to have NAFLD based on CAP=274dB/m
(based on a 90% sensitivity cutoff),l'? and sensitiv-
ity analyses were performed for additional cutoffs of
CAP=248dB/m (based on a meta-analysis from 19
studies!"!) and CAP =302 dB/m (based on the Youden's
cutoff from Eddowe et al.'s study!'?). Subjects were also
divided into fibrosis stages based on LSM as follows:
stage 1 fibrosis or less (LSM <8.2kPa), stage 2 fibrosis
and above (LSM=8.2kPa), stage 3 fibrosis and above
(LSM=9.7kPa), and stage 4 fibrosis (LSM=13.6kPa)
based on Youden's index published by Eddowes
et al.l'"? Using a combination of CAP and LSM by VCTE
with aspartate aminotransferase (AST), the FibroScan
AST (FAST) score identifies those with fibrotic nonal-
coholic steatohepatitis (NASH) with a NAFLD activity
score 24 and significant fibrosis (F2 or higher).l'¥

To assess disease severity, we assessed the pro-
portion of patients with clinically meaningful fibrosis
stages (F2 or higher, F3 or higher, F4 or higher) and
with NASH+NAS=>4+2>F2, assessed by the FAST
score using the rule-in cutoff=0.67, as published by
Newsome et al.l'¥

Covariates, such as age, sex, and lifestyle factors,
were self-reported. Diabetes was determined based
on a combination of self-report and/or glycohemo-
globin 26.5%. Prediabetes was determined based

on glycohemoglobin 25.7%. The smoking metric was
used to characterize smoking status into past smok-
ing history or current smoking. Clinically measured
information obtained during mobile examination was
used to calculate BMI. Subjects were further char-
acterized into ideal and normal weight (BMI, 18.5—
22.9kg/m? for Asian Americans; BMI, 18.5-24.9kg/
m? for non-Asian Americans), overweight (BMI, 23—
27.4kg/m? for Asian Americans; BMI, 25-29.9kg/m?
for non-Asian Americans), obese (BMI, 27.5-32.4kg/
m? for Asian Americans; BMI, 30—34.9kg/m? for non-
Asian Americans), and morbidly obese (BMI, 232.5kg/
m? for Asian Americans; BMI=35kg/m? for non-
Asian Americans) categories based on World Health
Organization (WHO) BMI cut-off points and proposed
BMI cut-off points for public health action in Asians.['®!

During the mobile examination, up to four blood pres-
sure measurements were performed. Blood pressure was
categorized as ideal (blood pressure<140/<90 mmHg)
or high (systolic blood pressure=140mmHg and/or dia-
stolic blood pressure=90mmHg). Blood samples were
collected from each subject and measured for total cho-
lesterol, high-density lipoprotein (HDL), low-density lipo-
protein (LDL), and triglycerides.

The prevalence of demographic, metabolic, and bio-
chemical characteristics, including sex, diabetes, predi-
abetes, obesity, past smoking history, current smoking,
high blood pressure, total cholesterol=200mg/dL,
HDL<40mg/dL, LDL=160mg/dL, triglycerides=200mg/
dL, and fibrosis stage were analyzed among Asian
Americans and non-Asian Americans.['>'l

Statistical analysis

The 2-year NHANES survey weights from 2017 to
2018 were used to compute population estimates.
Descriptive statistics were reported as proportion (95%
confidence interval [CI]) for categorical variables and
mean (xSD) for continuous variables. To compare be-
tween two categories, Rao-Scott chi-squared test was
used for categorical variables and the weighted Student
t test was used for continuous variables. Potential risk
factors for NAFLD, defined as CAP=274dB/m, were
estimated using univariable and multivariable logistic
regression. Variables on the multivariable regression
model were selected based on clinical experience.
Two-sided p<0.05 was significant. Analyses were car-
ried out using survey procedures and testing in SAS
version 9.4 (SAS Institute, Cary, NC) and R. Figures
were generated using Microsoft Excel.

RESULTS

We included 8704 respondents from the 2017-2018
NHANES cycle who completed both the interview
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and mobile examination. After stepwise exclusions
for lack of a transient elastography examination
(n = 3210), age<18years (n = 748), viral hepatitis
(n = 813), HIV (n = 7), and excessive alcohol use
(n =287), 3639 subjects were included for final anal-
yses (Figure S1).

Of 3639 participants, 450 (12.37%) were Asian
Americans and 3189 (87.63%) were non-Asian
Americans (Table S2). A comparison of demographic
and clinical variables between Asian Americans
and non-Asian Americans with NAFLD, defined as
CAP=274dB/m, is shown in Table 1.

Compared with non-Asian Americans with NAFLD,
Asian Americans with NAFLD were younger and had
lower BMI, decreased waist circumference, and de-
creased previous smoking history. Sex, current smok-
ing, and comorbidities, such as obesity, prediabetes,
diabetes, and hypertension, were not significantly
different between Asian Americans and non-Asian
Americans with NAFLD. Distribution of BMI catego-
ries in Asian Americans and non-Asian Americans
with NAFLD are shown in Figure 1. The prevalence
of nonobese NAFLD in Asian Americans remained
significantly higher than that in non-Asian Americans
(Asian Americans, 14.05%; 95% CI, 11.2%-16.9%;
non-Asian Americans, 7.9%; 95% CI, 5.4%-10.5%;
p<0.001). There was no significant difference in other
BMI categories. Compared to non-Asian Americans
with NAFLD, Asian Americans with NAFLD exhibited
lower alkaline phosphatase (ALP) and higher albumin,
alanine transaminase (ALT), AST, and triglycerides.

The prevalence of NAFLD in Asian Americans was
43.23%, using CAP =274 dB/m, with 10.01% with F2 or
higher, 7.32% with F3 or higher, and 2.48% with F4. In
addition, 3.43% of Asian Americans with NAFLD had
a FAST score>0.67, consistent with NASH with signif-
icant fibrosis. The prevalence of these clinically signifi-
cant fibrosis stages and NASH with significant fibrosis
was not significantly different between Asian Americans
and non-Asian Americans with NAFLD (Table 1).

Risk factors of NAFLD among
Asian Americans

Unadjusted odds ratios (ORs) of characteristics
among Asian Americans with NAFLD are illustrated
in Table S3. Univariable and multivariable regression,
including characteristics among Asian Americans with
NAFLD, is demonstrated in Table 2.

NAFLD in Asian Americans was associated with male
sex (OR, 2.017; 95% CI, 1.203-3.383), BMI=27.5kg/
m? (OR, 6.507; 95% Cl, 4.143-10.221), diabetes (OR,
4.11; 95% Cl, 1.544-10.937), hypertension (OR, 2.101;
95% CI, 1.177-3.751), and ALT (OR, 1.304; 95% ClI,
1.016-1.674).

Risk factors of fibrotic NASH and
advanced fibrosis in Asian Americans
with NAFLD

Unadjusted ORs of characteristics among Asian
Americans with fibrotic NASH and advanced fibrosis,
together defined as CAP =274 dB/m and LSM=9.7 kPa,
are illustrated in Table 3.

Fibrotic NASH and advanced fibrosis in Asian
Americans with NAFLD were significantly associated
with diabetes (OR, 27.018; 95% CI, 7.990-91.354),
hypertension (OR, 14.153; 95% CI, 3.440-58.231),
previous smoking history (OR, 4.033; 95% CI, 1.066—
15.261), decreased platelets (OR, 0.989; 95% CI,
0.982-0.995), and increased levels of ALT by 10U/L
(OR, 1.434; 95% CI, 1.212-1697), ALP by 101U/L (OR,
1.366; 95% CI, 1.017-1.834), and AST per 20 U/L (OR,
3.111; 95% ClI, 1.220-7.935).

Sensitivity analysis using CAP cutoffs

A comparison of demographic and clinical variables
between Asian Americans and non-Asian Americans
with NAFLD, defined as CAP =248 and =302 dB/m, for
sensitivity analysis is shown in Table S4.

The prevalence of NAFLD in Asian Americans was
57.38%, using CAP=248dB/m, with 8.20% with F2
or higher, 5.98% with F3 or higher, and 2.40% with F4,
whereas the prevalence of NAFLD in Asian Americans
was 28.03%, using CAP2=302dB/m, with 14.14% with F2
or higher, 9.74% with F3 or higher, and 3.38% with F4.
The prevalence of NAFLD with FAST score=0.67 (NASH
with significant fibrosis) was 2.50% and 5.78% in Asian
Americans for CAP=248 and=302dB/m, respectively.
The prevalence of these clinically significant fibrosis
stages and NASH with significant fibrosis was not signifi-
cantly different between Asian Americans and non-Asian
Americans with NAFLD for either CAP =248 or=302dB/m.

DISCUSSION

Among individuals with NAFLD, Asian Americans were
younger, had a less prevalent smoking history, and had
lower BMI and waist circumference but had a signifi-
cantly higher prevalence of prediabetes and numeri-
cally higher prevalence of type 2 diabetes compared
to non-Asian Americans. As Asian Americans with
NAFLD are younger, have a lower BMI and waist cir-
cumference, and have a decreased previous smoking
history compared to non-Asian Americans with NAFLD,
this suggests that Asian Americans may be vulnerable
to developing NAFLD; this would likely be secondary
to a combination of genetics, cultural influence, and di-
etary choices. The vulnerability of Asian Americans to
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TABLE 1 Demographic and clinical characteristics among Asian Americans versus non-Asian Americans with NAFLD using CAP
cutoff>274 dB/m
CAP2274dB/m
Asian American® Non-Asian American® p value
Demographics
Age (years) 45.83 (43.47-48.19) 49.84 (48.72-50.96) 0.009
Female 42.38 (34.57-50.19) 44.94 (41.26-48.63) 0.532
BMI (kg/m?) 29.35 (28.83-29.86) 34.18 (33.45-34.92) <0.001
Waist circumference (cm) 98.33 (96.46-100.19) 111.87 (109.98-113.75) <0.0001
Any smoking history 23.46 (16.12-32.05) 41.81 (37.62—46.09) <0.001
Current smoking 9.87 (4.45-18.00) 13.13 (10.36-16.29) 0.398
Comorbidities
Obesity 58.54 (50.89-66.19) 70.35 (64.91-75.78) 0.0168
Prediabetes 58.84 (48.46-68.72) 54.97 (50.94-58.97) 0.466
Diabetes 25.47 (19.06-32.67) 22.62 (19.16-26.34) 0.459
Hypertension 41.15 (33.51-49.09) 44.03 (38.13-50.05) 0.526
WBC (1000 cells/uL) 7.77 (7.40-8.15) 7.82 (7.61-8.02) 0.846
Hemoglobin (g/dL) 14.24 (13.92-14.56) 14.43 (14.29-14.58) 0.300
Platelets (1000 cells/uL) 252.03 (238.67-265.39) 251.35(244.38-258.31) 0.918
Albumin (g/L) 41.66 (41.11-42.22) 40.59 (40.19-41.00) 0.003
ALP (IU/L) 77.34 (74.91-79.77) 80.24 (78.12—-82.35) 0.032
ALT (U/L) 29.56 (26.31-32.81) 26.48 (25.27-27.68) 0.050
AST (U/L) 2415 (22.05-26.25) 2212 (21.3-22.93) 0.045
Total bilirubin (mg/dL) 0.45 (0.40-0.51) 0.45 (0.43-0.48) 0.995
Total cholesterol2200 mg/dL 42.17 (34.11-50.51) 39.30 (32.91-45.94) 0.495
HDL <40 mg/dL 27.05 (17.96-37.66) 26.47 (21.39-32.01) 0.903
LDL=160mg/dL 13.84 (6.87-23.63) 10.64 (7.47-14.48) 0.334
Triglycerides =200 mg/dL 29.5 (17.16—44.29) 16.23 (11.75-21.49) 0.028
HbA1c (%) 6.02 (5.85-6.20) 5.97 (5.90-6.05) 0.659
Median CAP (IQR) 310.92 (292; 344.02) 314.70 (292.83; 347.41) 0.5735°
Median LSM (IQR) 5.18 (4.30; 6.10) 5.38 (4.30; 6.81) 0.1146°
2F2 10.01 (5.67—-15.89) 15.46 (11.54-20.01) 0.103
>F3 7.32 (3.65-12.66) 10.07 (7.55-13.05) 0.344
F4 2.48 (0.64-6.24) 5.02 (3.35-7.12) 0.184
FAST score 0.18 (0.15-0.21) 0.17 (0.16-0.18) 0.390
FAST score=0.67 3.43 (0.03; 6.83) 2.93 (2.02; 3.83) 0.7591

Note: Values show mean or percentage (95% Cl). NAFLD is defined using CAP2274dB/m. 2F2, 2F3, and F4 were defined by liver stiffness measurements
28.2, 29.7, and 213.6, respectively. Obesity is defined as BMI227.5kg/m2 for Asian Americans or BMI=30 kg/m2 for non-Asian Americans.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter; Cl, confidence
interval; FAST, FibroScan aspartate aminotransferase; F2, stage 2 fibrosis; F3, stage 3 fibrosis; F4, stage 4 fibrosis; HbA1c, hemoglobin A1c; HDL, high-
density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; LSM, liver stiffness measurement; NAFLD, nonalcoholic fatty liver disease; WBC,

white blood count.

2Unweighted count, n = 183; weighted count, n = 3,426,780.
bUnweighted count, n = 1390; weighted count, n = 66,451,377.
°This comparison was conducted using Wilcoxon test.

NAFLD is alarming as studies have demonstrated that
less than 5% of non-Hispanic Asians with NAFLD are
aware of having liver disease."® Educational programs
to enhance awareness and development of guidelines
for NAFLD screening among susceptible individuals
are essential for early detection and management.

In this large nationally representative study with
VCTE-proven NAFLD, Asian Americans had a NAFLD
prevalence that was overall comparable to that of
non-Asian Americans; however, Asian Americans
had a higher prevalence for NAFLD than non-Asian
Americans in the lean/normal BMI and morbidly obese
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FIGURE 1 Distribution of prevalence of NAFLD across different BMI categories among Asian Americans versus non-Asian Americans.
The cutoff for NAFLD was defined as CAP 2274 dB/m. Based on WHO BMI cut-off points and proposed BMI cut-off points for public health
action in Asians, BMI categories were defined as ideal and normal weight (BMI <23 kg/m2 Asian Americans, BMI<25 kg/m2 non-Asian
Americans), overweight (BMI 23—27.4 kg/m? Asian Americans, BMI 25-29.9kg/m? non-Asian Americans), obese (BMI 27.5-32.4kg/

m? Asian Americans, BMI 30—34.9kg/m? non-Asian Americans), and morbidly obese (BMI=32.5kg/m? Asian Americans, BMI235kg/m?
non-Asian Americans).“sl Prevalence was weighted to compute population estimate. BMI, body mass index; CAP, controlled attenuation

parameter; NAFLD, nonalcoholic fatty liver disease; WHO, World Health Organization.

TABLE 2 Independent predictors of NAFLD (CAP2=274) among Asian Americans
Univariable Multivariable

Variables OR 95% ClI p value aOR 95% CI p value
Age (every 10years) 1.230 1.079-1.402 0.0042 1.144 0.910-1.439 0.2300
Sex

Female Reference

Male 1.882 1.418-2.498 0.0003 2.017 1.203-3.383 0.0111
BMI

<27.5kg/m? Reference

227.5kg/m? 6.536 4.115-10.417 <0.0001 6.507 4.143-10.221 <0.0001
Diabetes

No Reference

Yes 4.760 0.122-0.363 <0.0001 4.110 1.544-10.937 0.0077
Hypertension

No Reference

Yes 0.347 0.199-0.606 0.0011 2101 1.177-3.751 0.0155
Platelets (every 1000 cells/ 1.002 1.000-1.004 0.2188 1.002 0.999-1.004 0.2188

pL)

ALT (every 10U/L) 1.563 1.163-2.102 0.0058 1.304 1.016-1.674 0.0388

Note: NAFLD defined as CAP2274dB/m.

Abbreviations: ALT, alanine aminotransferase; aOR, adjusted odds ratio; BMI, body mass index; CAP, controlled attenuation parameter; Cl, confidence

interval; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio.

categories, even after using the lower WHO BMI thresh-
olds for Asian Americans.['® Earlier NHANES studies
that used the US-fatty liver index (US-FLI) showed that
Asian Americans had the lowest prevalence of NAFLD
(below 20%) among all ethnicities and races from 2011
t0 2016.° In our current study with VCTE measurement
and a CAP=274dB/m cutoff, the prevalence of Asian
Americans with NAFLD was about 40%, which is sim-
ilar to estimates of NAFLD prevalence based on a re-
cent prospective study that used magnetic resonance
imaging proton density fat fraction in the general pop-
ulation in Texas."”! There was no significant difference

in NAFLD prevalence between Asian Americans and
non-Asian Americans. The differences between our
study and Golabi et al.®! could be explained by the in-
creased prevalence of NAFLD among Asian Americans
and the varied performance of diagnostic methods. Of
note, the diagnostic accuracy of the US-FLI for Asian
Americans remains unknown as Asian Americans were
not included when developing the US-FLLI'® Further
studies validating the US-FLI among Asian Americans
are warranted.!®'8

Metabolic abnormalities and diabetes are known
risk factors associated with NAFLD. In this study, the



HEPATOLOGY COMMUNICATIONS 2259

TABLE 3 Unadjusted ORs with 95% Cls for CAP2>274dB/m and LSM>9.7 kPa among Asian Americans
Variable OR 95% CI p value
Age by 10years 1.45 0.97-2.16 0.0659
Sex (male:female) 2.258 0.497-10.261 0.2694
BMI=27.5kg/m? 5.314 0.734-38.492 0.0923
Diabetes 27.018 7.990-91.354 <0.0001
Hypertension 14.153 3.440-58.231 0.0012
Previous smoking history 4.033 1.066-15.261 0.0412
Platelets (cells/pL) 0.989 0.982-0.995 0.0011
ALT per 10U/L 1.434 1.212-1.697 0.0004
ALP per 101U/L 1.366 1.017-1.834 0.0394
AST per 20U/L 3.111 1.220-7.935 0.0208
Triglycerides per 10mg/dL 1.055 0.984-1.131 0.1225

Note: Fibrotic NASH and advanced fibrosis is defined as CAP2=274dB/m and LSM29.7 kPa, respectively.
Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled
attenuation parameter; Cl, confidence interval; LSM, liver stiffness measurement; NASH, nonalcoholic steatohepatitis; OR, odds ratio.

prevalence of type 2 diabetes and prediabetes was
higher overall in Asian Americans. Additionally, factors
significantly associated with a higher risk of NAFLD
in Asian Americans were male sex, diabetes, hyper-
tension, and increased ALT, whereas risk factors of fi-
brotic NASH in Asian Americans with NAFLD included
diabetes, hypertension, previous smoking history, de-
creased platelets, and increased levels of ALT, AST,
and ALP. This suggests that Asian Americans may be
predisposed to increased liver injury from metabolic
abnormalities compared to non-Asian Americans and
that considerable effort should be made to control met-
abolic abnormalities or diseases in Asian Americans.
The reasons why these factors increase risk are not
completely understood. However, genetic or, more
importantly, dietary factors, such as a carbohydrate-
enriched diet (e.g., rice), can contribute to this risk.['®!
Indeed, because studies have shown that Asian pop-
ulations experience increased risk of obesity-related
comorbidities, including diabetes, hypertension, and
cardiovascular disease, at lower BMI cutoffs, WHO has
proposed lower BMI cut-off thresholds for public health
action in Asians."®2°=22 These lower BMI cutoffs re-
define the ideal/normal weight, overweight, obese, and
morbidly obese categories for Asians in order to iden-
tify those who are at increased risk for cardiometabolic
diseases at an early stage. We have previously shown
that Japanese Americans are at an increased risk of
NAFLD and NAFLD cirrhosis.”?! Further studies inves-
tigating the genetic and dietary factors of other Asian
American populations are warranted.

Despite lower BMI thresholds and a decreased prev-
alence of comorbid BMI=30kg/m?, Asian Americans
with  NAFLD paradoxically exhibit significantly in-
creased hepatocellular injury and triglyceridemia,
as demonstrated by higher ALT/AST and higher tri-
glycerides, respectively, compared to non-Asian
Americans with NAFLD. Notably, fibrosis stages, FAST

scores, and the prevalence of FAST scores=0.67 were
not significantly different between Asian Americans
and non-Asian Americans with NAFLD. This is not sur-
prising as liver enzymes are not the best indicator of
the degree of severity or damage (fibrosis) seen in pa-
tients with NAFLD.?*! One study that used the NAFLD
fibrosis score indicated a lower risk of fibrosis in Asian
Americans with NAFLD.I'"®! Another study, TARGET-
NASH, to analyze overall lean NAFLD found that the
odds of cirrhosis in Asian Americans with lean NAFLD
was almost half the odds of cirrhosis in non-Asian
Americans with lean NAFLD (OR, 0.47; 95% ClI, 0.29-
0.77) after adjusting for sex, age, and center type and
site.®! However, staging by liver biopsy was not avail-
able for all patients.[5] In contrast, a study that included
biopsy-proven NAFLD showed that Asian Americans
had a trend toward more severe steatosis and inflam-
mation but not fibrosis, although this study was limited
by a small sample size.”" Overall, our findings indicate
that neither NASH with F2 or higher (as reflected by
a FAST score and prevalence of a FAST score=0.67)
nor clinically significant stages of fibrosis (F2 or higher,
F3 or higher, or F4 as reflected by LSM) are less prev-
alent in Asian Americans compared to non-Asian
Americans. This is plausible given that the prevalence
of prediabetes and type 2 diabetes was not less in the
Asian American population.

This study has limitations. First, the NHANES mea-
sures of smoking were based on self-reported data,
which may be subject to recall bias. Nevertheless, self-
assessments of smoking status have been shown to be
accurate and valid.”?® Second, the NHANES surveys
lack genetic information that would allow improved dif-
ferentiation among Asian Americans. Given the small
sample sizes of Asian Americans, the assessment
of NAFLD, its comorbidities, and its disease sever-
ity among individual Asian subgroups (such as the
Chinese, Japanese, and Vietnamese populations), was
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not possible. However, to our knowledge, this cross-
sectional study encompasses the largest nationally
representative population of Asian Americans to date
with access to VCTE assessments that allow for accu-
rate measurements of steatosis by CAP and fibrosis by
LSM. As this study cohort is nationally representative,
our study holds increased generalizability and applica-
bility in the clinical setting.

In conclusion, the prevalence of NAFLD may vary
based on the CAP score cutoff used in the Asian
American population. Despite younger age, lower BMI
cutoffs, and decreased prevalence of obesity, Asian
Americans with NAFLD demonstrate similar disease
prevalence with comparable severity of disease as
evidenced by the FAST score, prevalence of FAST
score=0.67, and LSM on VCTE compared to non-Asian
Americans with NAFLD. Given the diversity of cultures
in the United States, culturally responsive health care
specific to individual populations is necessary for diag-
nosis, evaluation, and treatment of NAFLD.
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