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Reassessment of the Hispanic Disparity:
Hepatic Steatosis Is More Prevalent

in Mexican Americans Than Other
Hispanics

Magda Shaheen

! Deyu Pan,! Katrina M. Schrode,! Dulcie Kermah,' Vishwajeet Puri,” Ali Zarrinpar .} David Elisha,’

Sonia M. Najjar,” and Theodore C. Friedman'

Hepatic steatosis (HS) is a growing problem in adults worldwide, with racial/ethnic disparity in the prevalence of the
disease. The purpose of this study was to characterize the racial/ethnic prevalence of the stages (normal/mild [S0/
S1], moderate [S2], and severe [S3]) of HS in Mexican Americans and other Hispanics compared to other racial/
ethnic groups. We analyzed data for 5,492 individuals 12 years and older from the newly released National Health
and Nutrition Examination Survey 2017-2018, which is a representative sample of the US adult population. HS was
diagnosed by FibroScan using controlled attenuation parameter values: S0, <238; S1, 238-259; S2, 260-290; S3, >290.
We analyzed the data using the bivariate chi-squared test and multinomial regression. The prevalence of HS overall
was 46.9% (S2,16.6%; S3, 30.3%). The prevalence of S3 was highest among Mexican Americans (42.8%), lowest among
Blacks (21.6%), 27.6% in other Hispanics, and 30.6% in Whites (P < 0.05). Mexican Americans were about 2 times
more likely than Whites to have S2 and S3, while other Hispanics showed no difference from Whites. In an adjusted
model, the common risk factors of S2 and S3 were male sex, older ages, high waist-to-hip ratio, body mass index 225,
and high triglycerides (P < 0.05). Other risk factors for S3 were hemoglobin Alc 25.7 and highly sensitive C-reactive
protein 210 mg/dL (P < 0.05). Conclusion: Our study challenges the paradigm that HS is higher in Hispanics overall;
rather, our data show that HS is higher in Mexican Americans and not non-Mexican American Hispanics. (Hepatology
Communications 2021;5:2068-2079).

epatic steatosis (HS), or fatty liver, is a com-
mon condition in the US population. It can
be caused by excessive alcohol consumption,
certain medications, and chronic liver diseases.? In a
large proportion of cases, falling under the term non-

alcoholic fatty liver disease (NAFLD), the etiology is

unknown. Recently, an international expert consensus
statement recommended using the term metabolic
dysfunction-associated fatty liver disease.) While HS
can be benign, it is associated with the development
of inflammation and progression to fibrosis and cir-
rhosis. Recent work showed that at least a quarter of

Abbreviations: ALT; alanine aminotransferase; AOR, adjusted odds ratio; AS'T; aspartate aminotransferase; BMI, body mass index; CAB controlled
attenuation parameter; CI, confidence interval; FPL, federal poverty level; HbAlc, hemoglobin Alc; HS, hepatic steatosis; hsCRRP, highly sensitive C-
reactive protein; NAFLD, nonalcoholic fatty liver disease; NHANES, National Health and Nutrition Examination Survey; PNPLA3, patatin-like

phospholipase domain containing 3.
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patients with HS develop fibrosis within 6 years, and
their mortality rates increase by ~10% within 20 years,
primarily due to cancer and cirrhosis."*” Patients
with HS may also have the inflammatory condition
of nonalcoholic steatohepatitis, which has become the
second-leading reason for liver transplantation.(é) HS
is a growing health problem, with one model predict-
ing some 100 million cases of NAFLD in the United
States in the year 2030.”) Current estimates place
the direct annual health care cost for NAFLD in the
United States at $103 billion.®

The reported prevalence of HS in the United
States varies widely as it depends on the specific pop-
ulation and methods of measurement. Liver biopsy
is the reference method for detecting HS, but it
is only available for patients in which the biopsy is
done during abdominal surgery or percutaneously in
patients with unexplained liver disease. A common
noninvasive method for detecting HS is ultrasound
transient elastography,” which has a sensitivity and
specificity of 84.4% and 93.6%, respectively.'”’ For
example, the prevalence of HS as assessed by the con-
trolled attenuation parameter (CAP) using ultrasound
transient elastography was 31% in a cohort of patients
with coinfection of human immunodeficiency virus/
hepatitis C virus,"™ while a study based on autopsies
of aircrew in the United States found a prevalence of
16%.1% Furthermore, prevalence estimates are often
reported for NAFLD alone, excluding patients that
have HS from identified sources, such as alcohol or
hepatotoxic drugs. A systematic review reported that
the prevalence of NAFLD in the United States ranges
from 10% to 35%."% These estimates may underes-
timate the total prevalence of HS in the US popula-
tion because they are restricted to HS resulting from
NAFLD.

The prevalence of HS differs by ethnicity, with the

majority of information derived from a database that
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is over 30 years old, the Third National Health and
Nutrition Examination Survey (NHANES I1I), 1988-
1994. In this national sample of the general popula-
tion, the prevalence of HS was found to be highest in
Mexican Americans and lowest in Blacks. The prev-
alence in White subjects was intermediate."¥ The
only Hispanic group studied was Mexican Americans,
and it has generally been assumed that the high
prevalence of HS occurs in all Hispanics. The high
prevalence in Mexican American subjects has been
attributed to high rates of obesity and insulin resis-
tance, but no similar associations were found for Black
subjects. >
of the gene patatin-like phospholipase domain con-
taining 3 (PNPLA3) that are associated with higher
fat content are most common in Mexican Americans,
with the lowest frequency of the allele occurring in
African Americans.'® On the other hand, a vari-
ant of PNPLA3 associated with low liver-fat content
is common in African Americans but rarely seen in
Mexican Americans or Whites.®) Among Hispanics,
there is some variability in the prevalence of HS and
NAFLD. A recent study found that the highest fre-
quency of the PNPLA3 variant associated with HS
was found in those of Mexican descent.’”) Those of
Mexican descent also show a high frequency of vari-
ants of other genes associated with development of
NAFLD.™

Risk factors for HS include insulin resistance,
hypertension, overweight or obesity, and a seden-
tary lifestyle." Several laboratory values have also
been associated with HS, including triglycerides,
gamma-glutamyltransferase,
ferase (ALT), and aspartate aminotransferase
(AST)." The recently released NHANES 2017-
2018 has the advantage over NHANES III in that
it separates ethnicity into Mexican Americans and

other Hispanics, while NHANES III only reported

) Several studies have found that variants

alanine  aminotrans-
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Mexican Americans. The current study identified
the prevalence of HS by stage and race/ethnicity
from NHANES data collected from 2017 to 2018
and identified risk factors associated with HS in the
overall population. We hypothesized that Mexican
Americans and other Hispanics would have a higher
prevalence of HS than Whites and that Blacks would
have the lowest prevalence.

Participants and Methods

STUDY POPULATION

We analyzed data for 5,492 participants who
were 12 years and older, using NHANES 2017-
2018. NHANES samples the US population using
a complex multistage probability design and obtains
informed consent from all participants. NHANES
protocols were approved by the National Center for
Health Statistics Research Ethics Review Board. Our
analysis of these publicly available data was exempt
from Charles R. Drew University Institutional Review
Board review.

DEPENDENT VARIABLE

Liver fibrosis was measured by FibroScan, which
uses ultrasound and vibration-controlled transient
elastography to derive liver stiffness. The device
also simultaneously measures ultrasound attenuation
related to the presence of HS and records the con-
trolled attenuation parameter (CAP) as the indicator
for liver fat. We categorized the steatosis status using
the median CAP dB/m for steatosis grades, whereby
S0, <238; S1, 238-259; S2, 260-290; and S3 >290,
based on clinical guidelines.”

INDEPENDENT VARIABLES AND
MEASURES

The following variables were included in the anal-
yses: demographics (age, sex, race/ethnicity, education,
language spoken, and poverty), physical activity sta-
tus, smoking status, body composition (waist-to-hip
ratio and body mass index [BMI]), laboratory val-
ues (cholesterol, triglyceride, glucose, hemoglobin
Alc [HbAlc], highly sensitive C-reactive protein
[hsCRP], AST, and ALT).

2070

HEPATOLOGY COMMUNICATIONS, December 2021

The physical activity variable was categorized into
three categories (0, inactive; 1, does not meet guide-
lines, which specify moderate exercise <5 times/week
or vigorous exercise <3 times/week; and 2, meets
guidelines, which specify moderate exercise 5 or
more times/week or vigorous exercise 3 times/week).
Age was categorized as 12-19 years, 20-34 years, 35-
49 years, 50-64 years, and 265. Education was catego-
rized as less than high school (<12 grade), high school
(12 grade), some college, and at least a college degree.
Sex was categorized as male and female. Race/ethnicity
was categorized as White, Black, Mexican American,
other Hispanics, and other race, including multiracial.
Language spoken at home was classified as English,
Spanish, both, and other languages. Federal poverty
level (FPL) was classified as <1, 1-2, and >2 FPL.
Smoking status was categorized as nonsmoker, former
smoker, and current smoker. Participants were classi-
fied using BMI, with BMI <25 (normal), BMI 25-
29.9 (overweight), and BMI 230 (obese). Waist-to-hip
ratio was classified as risk for women (20.85)/risk for
men (21.0) versus healthy. Based on HbAlc, subjects
were classified as normal (<5.7), with prediabetes (5.7-
6.4), and with diabetes (26.5). Total cholesterol was
categorized as normal (<200 mg/dL), elevated (200-
239 mg/dL), and high (2240 mg/dL). Triglyceride
level was categorized as normal (<150 mg/dL), bor-
derline (150-199 mg/dL), and high (2200 mg/dL).
hsCRP was categorized as normal (0.1-1.0 mg/dL),
mild inflammation (1.0-3 mg/dL), significant inflam-
mation (3-10 mg/dL), and highly significant inflam-
mation (210 mg/dL). ALT was categorized as normal
(<56 U/L) and elevated (256 U/L), and AST was cat-
egorized as normal (<40 U/L) and elevated (240 U/L).

STATISTICAL ANALYSES

We used descriptive statistics, including using
mean * standard error for continuous variables and
unweighted number and weighted percentage for cat-
egorical variables. Missing data were <10% for each
variable. Bivariate analysis using the chi-squared test
for categorical variables was used to determine the sta-
tistical difference among racial/ethnic groups and the
other independent variables in the prevalence of HS.
We performed multinomial regression analysis with
listwise deletion to determine racial/ethnic difference
as well as the predictors of HS stages, comparing HS
stages (S2 and S3) to the normal population (those
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with no or mild HS) and adjusting for confounding
variables. Data are presented as adjusted odds ratio
(AOR) and 95% confidence interval (CI). P < 0.05
was considered statistically significant. The data were
analyzed using SAS (release V.9. 3, 2002; SAS, Inc).
We used the sample weights provided by the National
Center for Health Statistics to correct for differen-
tial selection probabilities and to adjust for noncover-
age and nonresponse. All estimates were weighted as
supplied by NHANES, and the complex multistage
probability sampling design is being taken into con-
sideration when estimating the variance.

Results

POPULATION CHARACTERISTICS

Of the 5,492 subjects in our sample from NHANES
2017-2018, 24.8% were 50-64 years of age and 16.8%
were 65 years and older; 11.3% were Black, 9.9% were
Mexican Americans, and 7% were other Hispanics.
About half the population were male individuals
(49.7%), 19.5% had less than high school education,
and 13.8% were poor (<1 FPL). Most of the partici-
pants (80.2%) spoke English at home, 16.6% were cur-
rent smokers, 19.7% were physically inactive (did no
exercise), 50.3% had a high waist-to-hip ratio (=0.85
for male sex, 20.9 for female sex), and 38% were obese
by BMI. In addition, 9.5% had high total cholesterol
(2240 mg/dL), 15.7% had a high level of triglyceride
(2200 mg/dL), 25% had significant inflammation (as
indicated by >3 mg/dL hsCRP), 4.3% had abnormal
AST, 3.7% had abnormal ALT, 22.6% had prediabe-
tes, and 8.5% had diabetes (Table 1).

PREVALENCE OF HS STAGES

For HS, 53.1% had normal/mild HS, 16.6% had
moderate HS, and 30.3% had severe HS. Participants
with moderate and severe HS were older, had a higher
average waist-to-hip ratio, BMI, and levels of choles-
terol, triglyceride, hsCRP, AST, AL'T, and HbAlc, rel-
ative to those without HS (P < 0.05) (Table 1; Fig. 1).

The prevalence of HS varied significantly by all inde-
pendent variables (P < 0.05) except FPL (P > 0.05).
The highest prevalence of moderate HS was among
subjects 65 years and older (20.7%), while the high-

est severe HS was among the 50-64-year age group
(40.8%) (P < 0.05). More than one third of the male
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subjects (35.4%) had severe HS compared to 25.2% of
the female subjects (P < 0.05). The highest prevalence
of moderate HS was among the other racial/ethnic
group (18.8%). The highest prevalence of severe HS
was among Mexican Americans (43.8%), and the low-
est prevalence was among the Black population (21.6%)
(P < 0.05). The highest prevalence of moderate HS was
among participants with at least a college degree, and
the highest prevalence of severe HS was among those
with a high school education (36.6%) (P < 0.05). The
prevalence of severe HS was highest among Spanish
speakers (42.4%), followed by those who spoke both
English and Spanish (35.0%) (P < 0.05). HS preva-
lence did not vary by federal income ratio (P > 0.05).
About 44% of subjects with a high waist-to-hip ratio
had severe HS (P < 0.05). The highest prevalence
of moderate HS was among the overweight group
(21.1%), and the highest prevalence of severe HS was
among the obese group (56.1%) (P < 0.05). Former
smokers had the highest prevalence of moderate HS
(19.0%) and severe HS (39.4%) (P < 0.05). About 19%
of the physically inactive subjects had moderate HS
and 38.4% has severe HS (P < 0.05). Of the subjects
with a high cholesterol level, 20.1% had moderate HS
and 38.3% had severe HS (P < 0.05). Of those with a
high triglyceride level, 16.5% had moderate HS and
61% had severe HS (P < 0.05). The highest prevalence
of moderate HS was among those with mild inflam-
mation (20.0%), and the highest prevalence of severe
HS was among those with an hsCRP level 210 mg/
dL (52.0%) (P < 0.05). The highest prevalence of
moderate and severe HS was among those with ele-
vated AST (17.7% and 51.9%, respectively) and ele-
vated ALT (16.9% and 57.1%, respectively) (P < 0.05).
The highest prevalence of moderate HS was among
the prediabetes group (18.8%), while the highest prev-
alence of severe HS was among the diabetes group
(70.2%) (P < 0.05).

FACTORS ASSOCIATED WITH
HS STAGES (MULTINOMIAL
REGRESSION ANALYSIS)

In the multinomial adjusted model (Table 2), race/
ethnicity was significantly associated with HS stages;
Mexican Americans had 77% higher odds of mod-
erate HS (AOR, 1.77; 95% CI, 1.13-2.80; P < 0.05)
and were more than twice as likely to have severe HS

(AOR, 2.11; 95% CI, 1.44-3.09; P < 0.05) relative to
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TABLE 1. DESCRIPTIVE RESULTS COMPARING NORMAL/MILD, MODERATE, AND SEVERE GROUPS USING
NHANES 2017-2018

Normal/Mild (SO,ST1) Moderate (S2) Severe (S3)

CAP <260 CAP 260-290 CAP >290
Tofal n (%) n (%) n (%) PValue
Overall 5,492 2,896 (53.1%) 900 (16.6%) 1,696 (30.3%)
Age, years t t <0.0001
12-19 983 (12.4%) 760 (81.0%) 97 (8.8%) 126 (10.2%)
20-34 1,033 (24.5%) 650 (64.3%) 149 (12.9%) 234 (22.7%)
35-49 1,008 (21.5%) 474 (48.9%) 183 (19.4%) 351 (31.6%)
50-64 1,349 (24.8%) 537 (40.3%) 254 (18.9%) 558 (40.8%)
65+ 1,119 (16.8%) 475 (40.4%) 217 (20.7%) 427 (38.9%)
Race/ethnicity T <0.0001
White 1,839 (61.2%) 949 (53.1%) 293 (16.3%) 597 (30.6%)
Black 1,254 (11.3%) 755 (61.4%) 209 (17.1%) 290 (21.6%)
Hispanic 502 (7.0%) 260 (56.7%) 83 (15.8%) 159 (27.6%)
Mexican American 798 (9.9%) 330 (41.4%) 127 (15.9%) 341 (42.8%)
Other 1,099 (10.6%) 602 (52.9%) 188 (18.8%) 309 (28.3%)
Sex f <0.0001
Male 2,744 (49.7%) 1,333 (48.0%) 434 (16.5%) 977 (35.4%)
Female 2,748 (503%) 1,563 (58.1%) 466 (16.7%) 719 (25.2%)
Education T <0.0001
Less than high school 1,675 (19.5%) 1,015 (63.5%) 239 (14.6%) 421 (22.0%)
High school 1,182 (25.2%) 585 (48.8%) 181 (14.6%) 416 (36.6%)
Some college 1,619 (27.8%) 722 (48.4%) 262 (16.8%) 535 (34.8%)
At least college degree 1,108 (27.6%) 572 (54.5%) 217 (19.7%) 319 (25.9%)
Language spoken at home * 0.0013
English 3,775 (80.2%) 2,091 (54.4%) 602 (16.5%) 1,082 (29.0%)
Spanish 404 (4.4%) 161 (40.8%) 73 (16.7%) 170 (42.4%)
Both 632 (8.5%) 297 (50.0%) 95 (14.9%) 240 (35.0%)
Other 663 (6.9%) 337 (49.1%) 129 (19.5%) 197 (31.4%)
Federal income ratio 0.5164
<1 975 (13.8%) 548 (56.6%) 130 (13.6%) 297 (29.8%)
1-2 1,342 (20.8%) 692 (52.6%) 225 (17.4%) 425 (30.0%)
>2 2,498 (65.4%) 1,318 (53.2%) 421 (16.4%) 759 (30.4%)
Waist-to-hip ratio t t <0.0001
Healthy 2,574 (49.7%) 1,767 (70.2%) 354 (13.2%) 453 (16.6%)
Risk for women (=0.85)/risk for men (>1.0) 2,724 (50.3%) 1,038 (36.5%) 505 (19.6%) 1,181 (43.9%)
BMI f f <0.0001
Normal or healthy 1,802 (32.0%) 1,541 (87.8%) 155 (7.9%) 106 (4.4%)
Overweight 1,657 (30.0%) 847 (52.8%) 340 (22.1%) 470 (25.2%)
Obese 1,988 (38.0%) 486 (24.2%) 397 (19.7%) 1,105 (56.1%)
Smoking status t 0.0003
Current 826 (16.6%) 444 (52.6%) 118 (16.0%) 264 (31.4%)
Former 1,081 (24.1%) 427 (41.5%) 200 (19.0%) 454 (39.4%)
Nonsmoker 2,838 (59.3%) 1,442 (53.0%) 504 (17.0%) 892 (29.9%)
Physical activity t <0.0001
Inactive 1,145 (19.7%) 497 (43.6%) 202 (18.0%) 446 (38.4%)
Does not meet guidelines 764 (15.5%) 337 (40.2%) 133 (18.7%) 284 (41.1%)
Meets guidelines 2,846 (64.8%) 1,479 (54.6%) 487 (16.8%) 880 (28.6%)
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TABLE 1. Continued
Normal/Mild (SO,S1) Moderate (S2) Severe (S3)
CAP <260 CAP 260-290 CAP >290
Total n (%) n (%) n (%) PValue
Serum cholesterol * t <0.0001
Good (<200 mg/dL) 3,550 (66.0%) 1,971 (56.2%) 553 (15.8%) 1,026 (28.0%)
Elevated (200-239 mg/dL) 1,144 (24.5%) 516 (45.9%) 217 (18.6%) 411 (35.5%)
High (=240 mg/dL) 468 (9.5%) 192 (41.5%) 91 (20.1%) 185 (38.3%)
Serum triglycerides t t <0.0001
Normal (<150 mg/dL) 3,622 (69.4%) 2,228 (62.9%) 564 (15.5%) 830 (21.6%)
Borderline (150-199 mg/dL) 728 (14.9%) 244 (33.8%) 157 (23.8%) 327 (42.3%)
High (=200 mg/dL) 781 (15.7%) 186 (22.5%) 137 (16.5%) 458 (61.0%)
hsCRP f f <0.0001
Normal (0.1 fo <1 mg/dL) 1,772 (33.8%) 1,272 (72.5%) 230 (12.5%) 270 (14.9%)
Mild inflammation (1-3 mg/dL) 1,725 (34.7%) 816 (47.9%) 334 (20.0%) 575 (32.1%)
Significant inflammation (3-10 mg/dL) 1,285 (25.0%) 452 (35.6%) 236 (19.1%) 597 (45.3%)
Highly significant inflammation (=10 mg/ 349 (6.4%) 119 (33.9%) 56 (14.1%) 174 (52.0%)
dL)
AST f <0.0001
Normal (<40 U/L) 4,899 (95.7%) 2,579 (53.3%) 821 (16.9%) 1,499 (29.8%)
Elevated (>40 U/L) 215 (4.3%) 1(30.4%) 35(17.7%) 109 (51.9%)
ALT f f <0.0001
Normal (<56 U/L) 4,955 (96.3%) 2,618 (53.3%) 831 (16.9%) 1,506 (29.8%)
Elevated (>56 U/L) 177 (3.7%) 42 (26.0%) 26 (16.9%) 109 (57.1%)
HbAlc f f <0.0001
Healthy (<5.7%) 3,232 (68.9%) 2,057 (62.6%) 496 (16.6%) 679 (20.7%)
Prediabetes (5.7%-6.4%) 1,405 (22.6%) 555 (35.5%) 275 (18.8%) 575 (45.6%)
Diabetes (>6.5%) 625 (8.5%) 135 (15.9%) 103 (13.8%) 387 (70.2%)
Variable names Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Age 43.91(0.57) 39.16 (0.62) 48.05 (1.04)" 49.97 (0.71)f <0.0001
Waist-to-hip ratio 0.92 (0.01) 0.88 (0.01) 0.94 (0.01)} 0.98 (0.01)} <0.0001
BMI 28.84 (0.25) 25.40 (0.27) 30.06 (0.30)" 34.21(0.42)"  <0.0001
Serum cholesterol 185.65 (1.63) 180.46 (1.62) 192.36 (2.55)" 190.78 (2.17)'  <0.0001
Serum triglycerides 137.21 (3.25) 105.28 (2.63) 145.99 (5.18)" 186.50 (4.87)" <0.0001
hsCRP 3.54 (0.14) 2.68 (0.20) 3.50 (0.23)* 5.02 (0.26)" <0.0001
AST 22.12 (0.26) 20.96 (0.43) 22.39 (0.65) 23.94 (0.55"  <0.0001
ALT 22.65 (0.37) 18.79 (0.46) 22.77 (0.62) 29.13(0.86)"  <0.0001
HbATc 5.61(0.01) 5.38 (0.02) 5.58 (0.03)" 6.02 (0.04)" <0.0001

Post hoc tests: *P < 0.05 compared to normal/mild (S0,51); P<0.01 compared to normal/mild (S0,51).

Abbreviation: SE, standard error.

the White population. There was a trend for the other
Hispanic population to have lower odds of moderate
or severe HS relative to the White population, but this
was not statistically significant (P > 0.05). In addi-
tion, the Black population was significantly less likely
to have severe HS relative to the White population
(AOR, 0.47; 95% CI, 0.36-0.63; P < 0.05). Relative
to the 20-34-year-old age group, persons 12-19 years
old were less likely to have moderate HS (AOR, 0.48;

95% CI, 0.24-0.94; P < 0.05); those 50-64 years old
were more likely to have severe HS (AOR, 1.81; 95%
Cl, 1.27-2.57; P < 0.05), and the 35-49-year-old
group had higher odds of moderate HS (P < 0.05).
Female subjects had lower adjusted odds of moder-
ate HS (AOR, 0.65; 95% CI, 0.44-0.95; P < 0.05) and
severe HS (AOR, 0.41; 95% CI, 0.31-0.54; P < 0.05)
compared to male subjects. Participants in the high-
risk group of the waist-to-hip ratio were more likely
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A Race/Ethnicity
Other 414 159 428
Mexican American 53.1 16.3 30.6
Hispanic 52.9 18.8 28.3
Black 56.7 15.8 27.6
White 61.4 17.1 21.6
0% 20% 40% 60% 80% 100%
Normal/Mild Moderate Severe
c Waist-to-Hip Ratio

Risk for women

(20.85)/risk for men (21.0) 36.5 19.6 43.9

Healthy 70.2 13.2 16.6

0% 20% 40% 60% 80%100%

Normal/Mild Moderate Severe

E Serum Triglyceride

High (2200 mg/dL)

Borderline (150-199
mg/dL)

22.516.5 61

33.8 238 423

Normal (<150 mg/dL) 62.9 15.5 21.6

0% 20% 40% 60% 80% 100%

Normal/Mild ~ Moderate = Severe
¢ AST
Elevated (>40 ULL) ~ 30.4 17.7 Sl 12
Normal (<40 U/L) 933 16.9 29.8

0% 20% 40% 60% 80% 100%

Normal/Mild Moderate Severe
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B Diabetes Status (HbA1c)

Diabetes (>6.5%) 15.913.8 70.2

Prediabetes
(5.7%-6.4%)

Healthy (<5.7%)

39.5 18.8 456

62.9 16.620.7

0% 20% 40% 60% 80% 100%

Normal/Mild Moderate Severe
D Obesity Status
Obese 242 197 56.1
Overweight 52.8 22.1 25.2
Normal 87.8 7.9 44
0% 20% 40% 60% 80% 100%
Normal/Mild Moderate Severe
F hsCRP
>10 mg/dL 339 141 52
3-10 mg/dL 35.6 19.1 45.3
1-3 mg/dL 47.9 20 32.1
0.1-<1 mg/dL 72.5 125 149
0% 20% 40% 60% 80% 100%
Normal/Mild Moderate Severe
L ALT
Elevated (>56 U/L) 26 16.9 571
Normal (<56 U/L) 53.3 16.9 29.8

0% 20% 40% 60% 80% 100%

Normal/Mild Moderate Severe

FIG. 1. Prevalence of HS by risk factor. The prevalence of normal/mild (S0,51), moderate (S2), and severe (S3) HS are shown for (A)
race/ethnicity, (B) level of HbAlc, (C) waist-to-hip ratio, (D) level of BMI, (E) level of triglycerides, (F) level of hsCRP, (G) normal and
elevated levels of AST, and (H) normal and elevated levels of ALT. The numbers on the bars indicate the prevalence.
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TABLE 2. MULTINOMIAL REGRESSION (UNADJUSTED AND ADJUSTED) FOR HS AND FACTORS
ASSOCIATED WITH HS (REFERENCE POPULATION OF NORMAL/MILD HS) USING NHANES 2017-2018

Unadjusted OR (95% Cl) AOR (95% CI)
Moderate (S2) Severe (S3) Moderate (52) Severe (S3)

Age, years

12-19 versus 20-34 0.53 (0.37-0.77)* 0.36 (0.28-0.47)* 0.48 (0.24-0.94)* 0.70 (0.40-1.23)

35-49 versus 20-34 1.96 (1.34-2.84)* 1.82 (1.36-2.45)* 1.63 (1.12-2.39)* 1.27 (0.89-1.79)

50-64 versus 20-34 2.33 (1.53-3.54)* 2.88 (2.08-3.98)* 2.01 (1.14-3.54) 1.81 (1.27-2.57)*

65+ versus 20-34 2.53 (1.73-3.69)* 2.72 (2.02-3.66)* 1.85 (1.05-3.25)* 1.47 (0.97-2.22)
Race/ethnicity

Black versus White
Mexican-American versus White
Other Hispanic versus White
Other versus White
Sex
Female versus male
Education
Less than high school versus high school
Some college versus high school
At least college degree versus high school
Language spoken at home
Spanish versus English
Both versus English
Other versus English
Federal income ratio
<1 versus >2
1-2 versus >2
Waist-to-hip ratio
Risk for women (=0.85)/risk for men (>1.0)
versus healthy
BMI
Overweight versus normal
Obese versus normal
Smoking status
Current versus never
Former versus never
Physical activity
Inactive versus meets guidelines

Does not meet guidelines versus meets
guidelines

Serum cholesterol

Elevated (200-239 mg/dL) versus good
(<200 mg/dL)

High (=240 mg/dL) versus good (<200 mg/dL)

Serum triglycerides

Borderline (150-199 mg/dL) versus normal
(<150 mg/dL)

High (=200 mg/dL) versus normal
(<150 mg/dL)

hsCRP

Mild inflammation (1-3 mg/dL) versus normall
(<1 mg/dL)

091 (0.72-1.15)
1.22 (1.03-1.45)*
0.90 (0.75-1.08)
1.16 (0.93-1.45)

0.83 (0.62-1.11)
0.77 (0.64-0.92)*
1.16 (0.87-1.56)
1.20 (0.85-1.69)
1.36 (1.07-1.72)*
0.96 (0.78-1.17)
1.30 (0.96-1.76)

0.82 (0.61-1.10)
1.06 (0.83-1.35)

2.84 (2.10-3.86)*

4.67 (3.49-6.25)*
9.10 (5.84-14.18)*

0.95 (0.70-1.29)
1.42 (1.07-1.90)*

1.33(1.08-1.63)*
1.50 (1.04-2.15)*

1.45(1.11-1.88)*

1.72 (1.16-2.55)*

2.86 (2.07-3.95)*

2.99 (2.09-4.29)*

2.40 (1.85:3.12)*

0.61 (0.49-0.77)*
1.78 (1.41-2.24)*
0.85 (0.67-1.08)
0.93 (0.64-1.34)

0.59 (0.50-0.70)*
0.46 (0.37-0.57)*
0.96 (0.73-1.27)
0.63 (0.47-0.85)*
1.96 (1.37-2.79)*
1.30 (0.97-1.73)
1.17 (0.77-1.80)

093 (0.73-1.18)
0.98 (0.80-1.21)

5.09 (4.15:6.24)*

9.57 (7.05-12.99)*

46.59 (29.05-74.72)*

1.06 (0.84-1.34)
1.68 (1.30-2.16)*

1.67 (1.29-2.17)*
1.95 (1.46-2.60)*

1.55 (1.24-1.94)*

1.85 (1.46-2.34)*

3.66 (2.64-5.08)*

7.93 (6.26-10.05)*

326 (2.44-4.35)

0.80 (0.56-1.16)
1.77 (1.13-2.80)*
0.76 (0.47-1.24)
1.35 (0.82-2.22)

0.65 (0.44-0.95)*
1.17 (0.90-1.53)
1.24 (0.84-1.84)
1.22 (0.73-2.05)
0.86 (0.49-1.50)
0.74 (0.49-1.13)
1.37 (0.76-2.47)

1.03 (0.73-1.46)
1.23 (0.84-1.80)

1.72 (1.00-2.96)*

3.02 (2.06-4.41y*
5.04 (2.98-8.53)*

0.89 (0.59-1.34)
1.24 (0.86-1.78)

0.97 (0.76-1.24)
0.92 (0.61-1.38)

0.83(0.59-1.17)

0.90 (0.68-1.19)

1.85 (1.38-2.49)*

1.64 (1.17-2.29)*

1.37 (0.94-2.02)

0.47 (0.36:0.63)*
2.11 (1.44-3.09)*
0.67 (0.43-1.04)
0.99 (0.55-1.78)

0.41 (0.31-0.54)*
0.73 (0.43-1.24)
1.08 (0.71-1.64)
0.77 (0.49-1.22)
0.90 (0.55-1.47)
1.13(0.72-1.77)
1.74 (0.93-3.25)

0.93 (0.68-1.27)
1.00 (0.74-1.36)

2.18 (1.42-3.32)*

6.11(3.92-9.51)
21.92 (12.08-39.77)*

0.91 (0.65-1.28)
1.14 (0.79-1.64)

1.25 (0.90-1.74)
1.45 (0.97-2.15)

0.92 (0.66-1.28)

0.85 (0.63-1.14)

1.88 (1.24-2.85)*

3.29 (2.36-4.58)*

1.12 (0.78-1.62)
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TABLE 2. Continued

Unadjusted OR (95% CI)

AOR (95% ClI)

Moderate (S2)

Severe (S3) Moderate (S2) Severe (S3)

Significant inflammation (3-10 mg/dL) versus
normal (<1 mg/dL)

Highly significant inflammation (=10 mg/dL)
versus normal (<1 mg/dL)

3.12 (2.21-4.40)*

2.43 (1.52-3.88)*

AST

Elevated (>40 U/L) versus normal (<40 U/L) 1.85 (0.93-3.68)
ALT

Elevated (>56 U/L) versus normal (<56 U/L) 2.07 (1.34-3.22)*
HbAlc

Prediabetic versus healthy (<5.7%)
Diabetic (=6.5) versus healthy (<5.7%)

1.99 (1.51-2.63)*
3.13(2.12-4.62)*

*Statistically significant at P < 0.05.

to have moderate HS (AOR, 1.72; 95% CI, 1.001-
2.96; P < 0.05) and severe HS (AOR, 2.18; 95% CI,
1.42-3.32; P < 0.05) relative to those in the normal
waist-to-hip group. Relative to the group with nor-
mal BMI, overweight participants were 3 times more
likely to have moderate HS (AOR, 3.02; 95% CI,
2.06-4.41; P < 0.05) and >6 times more likely to have
severe HS (AOR, 6.11; 95% CI, 3.92-9.51; P < 0.05).
This relationship was stronger among the population
with obesity for both moderate HS (AOR, 5.04; 95%
CI, 2.98-8.53; P < 0.05) and severe HS (AOR, 21.92;
95% CI, 12.08-39.77; P < 0.05).

Participants with borderline and high levels of tri-
glycerides had higher odds than the normal group
of having moderate and severe HS (P < 0.05).
Participants with borderline values of triglycerides
were more likely to have moderate (AOR, 1.85; 95%
CI, 1.38-2.49; P < 0.05) and severe HS (AOR, 1.88;
95% CI, 1.24-2.85; P < 0.05) relative to those with
normal values of triglycerides. Participants with high
levels of triglycerides were more likely to have mod-
erate (AOR, 1.88; 95% CI, 1.24-2.85; P < 0.05) and
severe HS (AOR, 3.29; 95% CI, 2.36-4.58; P < 0.05)
relative to those with normal values of triglycerides.
Participants with an hsCRP level of 10 mg/dL or
higher were twice as likely to have severe HS relative
to those with a normal level (<1 mg/dL) (AOR, 2.08;
95% CI, 1.10-3.91; P < 0.05). Those with HbAlc in
the prediabetes and diabetes range had higher odds
of severe HS relative to the normal group (P < 0.05).
Participants with prediabetes had twice the odds of
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6.24 (4.63-8.41)* 1.28 (0.85-1.94) 1.55 (0.92-2.59)

7.58 (4.43-12.97)* 1.45 (0.96-2.19) 2.08 (1.10-3.91)*

3.05 (1.80-5.16)* 1.83 (0.48-6.94) 221 (0.87-5.58)

3.96 (2.10-7.45)* 1.47 (0.51-4.20) 1.65 (0.53-5.12)
3.85 (2.99-4.95)*

13.35 (8.90-20.03)*

1.28 (0.87-1.89)
1.38 (0.76-2.50)

2.29 (1.65-3.18)*
4.85 (2.61-9.03)*

severe HS compared to the normal group (AOR, 2.29;
95% CI, 1.65-3.18; P < 0.05). Participants with dia-
betes were almost 5 times more likely to have severe
HS relative to the normal group (AOR, 4.85; 95% CI,
2.61-9.03; P < 0.05) (Table 2).

Discussion
We analyzed data from the NHANES 2017-2018

database to examine racial/ethnic differences and the
associated risk factors of HS in the representative
sample of the noninstitutionalized US population.
The data indicated that slightly less than half the US
population has moderate or severe HS. Our data are
consistent with the finding that the prevalence of HS
is rising globally, including in the United States.?V
Studies based on NHANES III data collected
between 1988 and 1994 using ultrasound reported the
prevalence of moderate or severe HS as 21%.% In
another study of NHANES data between 1988 and
2012 that used biomarkers to identify subjects with
NAFLD, the authors calculated an increasing preva-
lence of NAFLD from 18% in 1988-1991 to 29% in
1999-2000 to 31% in 2011-2012.%? Similarly, a study
of subjects in Dallas in 2000-2002 estimated the
prevalence of HS to be 34%.% This time-dependent
increase in the prevalence of HS is consistent with
increases observed in its risk factors, such as obe-
sity, insulin resistance, and metabolic syndrome.(23)
Previous non-US studies were also consistent with our
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results of a higher prevalence of HS. A 2018 study in
Italy(24) reported the prevalence of NAFLD at 48%
among 890 participants.

While we observed a small difference in the prev-
alence of moderate HS among racial/ethnic groups,
there were larger racial/ethnic differences in the
prevalence of severe HS. Mexican Americans had
the highest prevalence of severe HS (43.2%), while
other Hispanics had a slightly lower prevalence than
the White population (28.3% vs. 30.9%; P < 0.05).
Mexican Americans also had higher odds of both
moderate and severe HS compared to the White pop-
ulation, while the odds of HS (moderate or severe) in
other Hispanics was not significantly different from
Whites. Among the racial/ethnic groups, the Black
population had the lowest prevalence of severe HS
and showed a significantly lower adjusted odds in
having severe HS relative to the White population.

Previous studies, mostly based on data from
NHANES III, had similarly found the highest preva-
lence of HS and NAFLD in Mexican Americans and
the lowest in non-Hispanic Blacks.™*?® Although
the high prevalence seen in Mexican Americans
has often been generalized with other Hispanics,”
our results indicate a clear difference between the
Mexican American group and other Hispanic groups.
Our findings are consistent with recent work showing
that among Hispanics the prevalence of NAFLD is
higher in those of Mexican descent compared to those
of other backgrounds, such as Cuban, Dominican, or
Puerto Rican,(26’27) although our report is the first
to describe this disparity for HS based on Mexican
Americans versus other Hispanic lineages. Browning
et al.? found a higher prevalence of HS in Hispanics
than Whites and Blacks due to the higher prevalence
of obesity and insulin resistance. Fleischman et al.*”
found that Hispanics of Mexican origin had a sig-
nificantly higher prevalence of NAFLD compared to
Hispanics of Dominican or Puerto Rican origin.

Our study extends these previous findings in
important ways. First, the previous studies were of mul-
tisite cohorts predominantly based in urban locations,
while our study is based on a nationally representa-
tive sample of the noninstitutionalized US population.
Furthermore, while previous studies used computed
tomography (CT) scans or elevated AST or ALT lev-
els to detect HS, the NHANES 2017-2018 data used
FibroScan, which has a higher sensitivity than CT or

methods based on hepatic enzyme levels.*®

SHAHEEN ET AL.

Genetic factors are a strong candidate for the
mechanism underlying the racial/ethnic disparities in
HS. The prevalence of the PNPLA3 G allele, which
is associated with greater severity of NAFLD, paral-
lels the prevalence of NAFLD, with the highest fre-
quency among Hispanics(29’30) that were not divided
into Mexican Americans versus other Hispanics
and low frequencies found in African Americans.'®
Variation in the PNPLA3 gene may also contribute
to the difference between Mexican Americans and
other Hispanic groups. The highest frequencies of the
G allele have been found in populations in Mexico
and other Central and South American countries,
while similar to the prevalence of NAFLD, lower fre-
quencies are seen in other Latino populations, such as
those in Puerto Rico and Cuba.®™*? Future studies
should examine the genetic and environmental fac-
tors among different ethnic backgrounds to deter-
mine their contribution to the high prevalence of HS
among Mexican Americans.

We identified several other risk factors for moder-
ate and severe HS, including older age (50 years and
older), male sex, high BMI (overweight/obese), high
waist-to-hip ratio, very high level of hsCRP, and ele-
vated triglycerides, diabetes, and prediabetes.

Although severe HS was more likely among the
50-64-year-old age group, the highest prevalence of
moderate HS was among subjects 65 years and older.
Interestingly, in the adjusted model, only those in the
50-64-year-old group were more likely to have severe
HS relative to the 20-34-year-old group. Male sub-
jects had a higher prevalence of moderate and severe
HS relative to female subjects. Participants in the
high-risk group of the waist-to-hip ratio had a higher
prevalence of HS and were more likely to have HS
relative to those in the healthy group. Additionally, an
overweight status was associated with the likelihood
of moderate HS, and the obese group was associated
with severe HS. Participants with borderline and high
levels of triglycerides had a high prevalence of both
moderate and severe HS compared to those without
HS. While hsCRP level was not associated with mod-
erate HS, the higher level of 10 mg/dL was associated
with a higher odds of severe HS.

Because most researchers choose to focus on
NAFLD or other specific forms of liver disease, few
studies have identified risk factors for HS generally.
Consistent with our results, Lazo et al.’ identified

male sex, high BMI, high waist-to-hip ratio, former
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smoking, low levels of physical activity, and elevated
cholesterol and triglycerides as risk factors for HS,
based on NHANES III data. In our study, smoking,
low level of physical activity, and elevated cholesterol
level were not associated with HS stages. This differ-
ence could be attributed to different methods of HS
diagnosis and variation in the methodology of data
collection. Others have also found significant associa-
tions between age,(14’33) high waist-to-hip ratio,*30
and elevated CRP levels®? with NAFLD, consistent
with the risk factors that we herein identified for HS,
indicating the persistence of these risk factors in the
population.

Our results using HbAlc indicated that individu-
als with prediabetes as well as those with diabetes are
more likely to develop severe HS relative to the group
with normoglycemia. Consistent with our findings,
other investigators have identified diabetes as a risk
factor, although their definition was based on self-
reporting and serum glucose'
on HbAlc level.

The current study uses data from the most recently
released cycle of NHANES; a database that has several
strengths. First, the data are far more recent compared
to prior NHANES releases that contained imaging
data; this makes the data more relevant for determin-
ing current prevalence and risk factors. Second, the
data are a large national representative sample of the
noninstitutionalized population of the United States.
Third, FibroScan, the method used for detecting HS
in the 2017-2018 cycle, is more sensitive than the
ultrasound method used in the NHANES III cycle.
Fourth, the new data categorize Mexican Americans
separately from Americans of other Hispanic back-
ground, revealing an important dissociation of the
prevalence in Mexican Americans compared to the
other Hispanic population. The main strength of our
present study is that it challenges the previous para-
digm that HS is higher in Hispanics overall. It specif-
ically differentiates that HS is only higher in Mexican
but not

9 while ours was based

Americans in non-Mexican American
Hispanics.

One limitation of our study is that the NHANES
data are cross-sectional, so we cannot determine the
causal direction between HS and its associated factors.
The FibroScan method used to identify HS in this
study is not 100% accurate when compared to liver
biopsy. However, because HS is considered a relatively

benign condition, biopsy is not typically implemented
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for its diagnosis. Because FibroScan data are only avail-
able in the latest release of NHANES (2017-2018),
we could only use data from this cycle for the anal-
ysis. Additionally, these data were not collected from
all participants in the cycle. Both these factors limited
the size of the sample available. Additional potential
predictors, such as C-peptide and low-density lipo-
protein, could not be included because data were not
available for the former variable and data were only
collected from a small number of participants for the
latter variable. Additionally, some variables, such as
smoking and physical activity, were collected by self-
reporting, so these estimates are prone to recall bias.
Although we controlled for major confounders and
robust associations, it is possible that other unknown
confounders could account for the associations found.

Using a large nationally representative sample of a
noninstitutionalized population in the United States,
our study showed persistence of the high prevalence
of HS in Mexican Americans. Overall, the NHANES
2017-2018 data set challenges the previous paradigm
that HS is higher in Hispanics. Rather, our data show
that HS is only higher in Mexican Americans and
not in non-Mexican American Hispanics. This is an
important factor for clinicians to keep in mind when
considering risk factors of HS and other liver condi-
tions and when considering liver biopsy. Our results
also serve as a reminder that the Hispanic popu-
lation is genetically and culturally diverse and that
care should be taken in generalizing across groups
of different backgrounds. Further studies are needed
to explain the mechanisms and genetics of the dif-
ferentially high prevalence of HS among Mexican

Americans compared to other Hispanics.
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