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Nonalcoholic Fatty Liver Disease and
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The incidence of nonalcoholic fatty liver disease (NAFLD) is highest among Mexican-origin (MO) adults. Few studies
have estimated the prevalence of NAFLD in this subpopulation, particularly by sex and age. We assessed the prevalence
of NAFLD in a community sample of MO adults residing in a border region of southern Arizona and determined
risk factors associated with NAFLD. A total of 307 MO adults (n =
obesity completed an in-person study visit, including vibration-controlled transient elastography (FibroScan) for the as-
sessment of NAFLD status. A continuous attenuation parameter score of =288 dB/m (=5% hepatic steatosis) indicated

194 women; n = 113 men) with overweight or

NAFLD status. Multivariable logistic regression was used to estimate odds ratios (ORs) and 95% confidence intervals
(CIs) for NAFLD. We identified 155 participants (50%) with NAFLD, including 52% of women and 48% of men;
there were no sex differences in steatosis (men, 287.8 dB/m; women, 288.4 dB/m). Sex, age, patatin-like phospholipase
domain containing 3 (PNPLAS3) risk allele carrier status, comorbidities, and cultural and behavioral variables were not
associated with NAFLD status. There was some evidence for effect modification of body mass index (BMI) by sex
(Peraction = 0-08). The estimated OR for an increase in BMI of 5 kg/m2 was 3.36 (95% CI, 1.90, 5.91) for men
and 1.92 (95% CI, 1.40, 2.64) for women. In post hoc analyses treating steatosis as a continuous variable in a linear
regression, significant effect modification was found for BMI by sex (P, ...con = 0-03), age (P = 0.05), and PNPLA3
risk allele carrier status (P = 0.02). Conclusion: Lifestyle interventions to reduce body weight, with consideration of age
and genetic risk status, are needed to stem the higher rates of NAFLD observed for MO populations. (Hepatology
Communications 2022;6:1322-1335).

onalcoholic fatty liver disease (NAFLD) is
the hepatic manifestation of metabolic syn-
drome that is defined as steatosis affecting
25% of hepatocytes not caused by excess alcohol intake,
hepatitis B or C, autoimmune hepatitis, iron overload,
drugs, or toxins.’ It is estimated to affect approx-

imately 20% (64 million) of the United States (US)

population each year, leading to annual medical costs
exceeding $100 billion.”) Although not all individu-
als with NAFLD progress to end-stage liver disease,
nearly 30% are at greater risk for developing cirrho-
sis, portal hypertension, and hepatocellular carcinoma
(HCC), making NAFLD an emerging risk factor for
HCC that is projected to become the leading cause of

Abbreviations: BMI, body mass index; CAF, continuous attenuation parameter; CI, confidence interval; c-index, concordance index; DHS, Dallas
Heart Study; GPAQ, Global Physical Activity Questionnaire; HCC, hepatocellular carcinoma; HEI, Healthy Eating Index; IQR, interquartile
range; LSM, liver stiffness measurement; LTPA, leisure time physical activity; MO, Mexican origin; MOS, Mexican Orientation Subscale;
NAFLD, nonalcoholic fatty liver disease; NHANES, National Health and Nutrition Examination Survey; OR, odds ratio; PNPLA3, patatin-
like phospholipase domain-containing 3; PSQI, Pittsburgh Sleep Quality Index; SNE single-nucleotide polymorphism; US, United States; VCTE,

vibration-controlled transient elastography.
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liver-related morbidity and mortality.®) Additionally,
NAFLD is the fastest growing indication for liver
transplantation in the US, with rates projected to
increase by 55% between years 2016 and 2030.©

The incidence of NAFLD is highest in Mexican-
origin (MO) adults compared to all adults of Hispanic
origin and all racial and ethnic subpopulations in the
US. Population-based cohort studies have defined
NAFLD using various assessment methodologies,
and overall prevalence rates of NAFLD for Hispanics
have ranged from 18.8% to 70.7%.'% However, few
population-based studies have focused specifically on
MO populations and none in the border region of
southern Arizona. Estimates from the National Health
and Nutrition Examination Survey (NHANES)
2017-2018 using vibration-controlled transient elas-
tography (VCTE) demonstrated Hispanic popu-
lations had a higher NAFLD prevalence (63.7%
overall; men, 70.7%; women, 57.0%) compared with
all women (48.8%) and other race or ethnicities (non-
Hispanic White, 56.8%; non-Hispanic Black, 46.2%);
however, no data were provided specifically for MO
adults."Y) More recently, Shaheen et al.™® estimated
the prevalence of severe hepatic steatosis in NHANES
2017-2018 was highest among Mexican Americans
(42.8%) compared to non-Hispanic Blacks (21.6%),
non-Hispanic Whites (30.6%), and other Hispanics
(27.6%); however, no estimates were provided for
Mexican American men and women. Continued

Potential conflict of interest: Nothing to report.
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efforts to estimate the prevalence of NAFLD in MO
populations, particularly by sex and age, are important
to assess the magnitude and burden associated with
this disease in a high-risk population underrepre-
sented in the NAFLD literature.

Difterences observed in the incidence of NAFLD
by Hispanic heritage and sex have been attributed to
a complex interaction of genetic, lifestyle, and envi-
ronmental factors.’” For example, MO adults have
the highest rates of obesity and type 2 diabetes mel-
litus in the US, both of which are strongly associated
with NAFLD." Other primary lifestyle risk factors
tor NAFLD include physical inactivity and high lev-
els of sugar-sweetened beverage consumption, 12,14-16)
behaviors that are highly evidenced among MO men
and women. Risk of NAFLD is further increased in
MO adults by a greater frequency (up to 55%) of
the rs738409 C/G variant in patatin-like phospholi-
pase domain-containing 3 (PNPLA3), which confers
a substantially greater susceptibility to NAFLD and
HCC.1%1217) Estimates from a Mexican population
suggests the frequency of the G risk allele is higher
at 77%, including 54.5% for the GG genotype and
11% for the CC genotype."® This variant is reported
to be the strongest common genetic variant associated
with NAFLD severity and progression, accounting
tor 5.3% of total phenotypic variance.!” The marked
variation in lifestyle factors and underlying genetic

risk for NAFLD by sex and Hispanic subpopulations
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warrants further investigation. Therefore, the purpose
of this study was to 1) assess the prevalence of NAFLD
in a community sample of MO adults residing in a
border region of southern Arizona and 2) determine
risk factors (e.g., lifestyle, acculturation, PNPLA3 risk
allele carrier status) associated with NAFLD in this
study sample.

Participants and Methods
STUDY SAMPLE

To be eligible, participants must have self-identified
as MO, been 18-64 years of age, had a body mass
index (BMI) > 25 kg/m?®, had the ability to provide
informed consent, and had the ability to speak, read,
and write in English and/or Spanish. Given that the
risk of NAFLD is more prevalent at higher BMIs, we
chose to limit our inclusion criteria to adults classified
as overweight or obese. Individuals were excluded if
they reported ongoing or recent alcohol consumption
(221 standard drinks on average per week for men and
>14 standard drinks on average per week for women);
had a history of exposure to hepatotoxic drugs; were
previously diagnosed with liver disease or liver cancer;
had an active chronic gastrointestinal disorder (e.g.,
inflammatory bowel disease, ulcerative colitis, Crohn’s
disease, celiac disease); were taking any medication or
supplement known to affect body composition; had
uncontrolled vascular or metabolic disease (e.g., high
blood pressure, type 2 diabetes); had any syndrome
or disease known to affect body composition or fat
distribution; participated in any structured exercise,
nutrition, or weight-loss program within 6 months of
recruitment; previously had bariatric surgery; or were
currently pregnant or breastfeeding. These exclusion
criteria were selected based on factors known to affect
liver steatosis and fibrosis.?”) Detailed exclusion crite-
ria can be found in Supporting Table S1.

In-person research activities took place at Arizona
Liver Health in Tucson, AZ. All participants pro-
vided informed consent, and all study procedures were
approved by the University of Arizona Institutional
Review Board (IRB #1902380787). In addition, a
Certificate of Confidentiality (CC-OD-19-293) was
obtained due to the ethical considerations of our
population (e.g., citizenship status) and the sensitive
research information (genetics) collected.
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RECRUITMENT

Recruitment efforts primarily targeted community-
based settings that had demonstrated success in previ-
ous studies.”’¥ These included the Tucson Tanque
Verde Swap Meet (an outdoor marketplace), the
Consulate of Mexico in Tucson, churches, and com-
munity centers. Further, collaborations with stake-
holders, health clinics, and media groups that serve
Tucson’s Hispanic community allowed for the use of
community events and listserves to enhance recruit-
ment efforts. Throughout recruitment efforts, an
emphasis was placed largely on face-to-face recruit-
ment, a strategy that has been shown to be particu-
larly important when recruiting MO populations.**
Recruitment took place in Tucson, AZ, between May
2019 and March 2020, with study visits occurring in
an ongoing manner throughout this time period. All
research activities were stopped March 14, 2020, due
to the corona virus disease 2019 pandemic. The final
analytic sample represents data for MO adults who
completed all study procedures (n = 307), including
194 women and 113 men (Fig. 1). Notably, this sam-
ple size represents 76.8% of the study recruitment
goal of 400 MO adults (200 women and 200 men).

STUDY PROCEDURES AND
MEASURES

Following the signing of informed consent, par-
ticipants completed a 60-90 minute in-person study
visit, including anthropometric assessment, collection
of a genetic sample, a VCTE (FibroScan) for the
assessment of NAFLD status, and self-reported ques-
tionnaires related to demographics, acculturation, and
lifestyle behaviors. Dietary recalls by telephone were
completed after the in-person study visit. In-person
study visits, self-reported questionnaires, and dietary
recalls were completed in the participant’s language
of preference (English or Spanish). All question-
naires were reviewed in person with each participant
by study staft during the in-person visit to ensure all
questions were completed. All participants received a
written summary of their anthropometric assessment
and VCTE results along with a list of local health
care providers should they choose to seek medical
care or discuss the results of their FibroScan with a
provider. At the end of the study visit, participants
were compensated US $25 for their time and were
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Interested in participati g
in the study (n = 778)

Individuals not screened (n = 58)
Not interested (n = 8)
> Disclosed fatty liver diagnosis (n = 14)
Individuals screened and not eligible (n = 280) Df5°:°5'3: I‘I.AI;LD.di:.gnosisl(n( = 6) )
History of liver disease (n = 48! Disclosed cirrhosis diagnosis (n = 1
BMI (?: 73) ¢ J \ Disclo.sed e.nd-sta.ge liver cancer diagnosis (n = 1)
Taking weight loss medications (n = 20) :ot nlspamc/Latmo( (n ‘3:)1)
. < e = ot Mexican origin (n =
:°: 35"'3"'5/1-3.‘"""((" 4‘;) Screened (n . 720) Time constraints (n = 3)
01 exican origin (n =

Excess alcohol cinsumption (n =21) Disclosed BMI too ].°W(“ o 2) .
Chronic Gl condition (n = 31) szcloselc.i w?s on kidney cilaly5|s (n=1)
Uncontrolled chronic disease (n = 3) D!d not live in Tucson ('n =1) B
Current cancer diagnosis without treatment (n = 1) D! not mee.t age.reqmrem?nt (n=3)
Participating in a weight reduction program (n = 1) Did not begin onlm-e screening (n = 3)
Pregnant/breastfeeding (n = 5) Incomplete screening (n = 11)
Did not meet age requirement (n = 19)
Taking hepatotoxic drug (n = 28) A4
History of hepatotoxic drug use (n = 9)
Did not live in Tucson (n = 5) Ellgible (n = 440)
History of bariatric surgery (n = 6)
Treatment for condition known to affect body
composition (n = 2) Eligible participants who did not enroll (n = 124)

No longer interested (n = 14)

No show to study appointment (n = 45)

| Could not contact to be scheduled (n = 38)

lllness (n = 1)
Moving out of Tucson (n = 1)
Incorrect contact information (n = 1)

7 Call could not be completed (n = 1)
Time constraints (n = 3)
Enro”ed (n = 316) Transportation issues (n = 1)

Could not schedule due to COVID-19 restrictions

(n=7)

Cancelled due to COVID-19 restrictions (n = 12)
Enrolled participants whose data
were unavailable (n = 9)
Not eligible after enrollment (n = 8)
Withdrew participation (n = 1) \

Participants wi
from study

th complete data
visit (n = 307)

FIG. 1. Flow diagram for the recruitment of the study participants. Abbreviations: COVID-19, corona virus disease 2019; GI,

gastrointestinal.

compensated an additional $25 following completion
of dietary recalls.

ANTHROPOMETRICS

Standardized methods were used to collect par-
ticipants’ height, weight, and waist circumference.??
The participant’s height was measured without shoes,
twice to the nearest 0.1 cm, using a wall-mounted
stadiometer (ShorrBoard). A third measurement was
taken if the two measurements differed by more than
0.5 cm. With shoes remaining off and the participant
in street clothes, body weight was measured twice on a

calibrated digital scale (Seca 876) to the nearest 0.1 kg.
A third measurement was taken if the two measure-
ments differed by more than 0.2 kg. The average of
the two measurements that met the criteria for height
and weight were used to calculate the BMI using
body weight in kilograms divided by squared height
in meters (kg/rnz). Two measurements of waist cir-
cumference directly at the umbilicus were measured
to the nearest 0.1 cm by using a Gulick measuring
tape. A third measurement was taken if the first two
measurements differed by more than 2.0 cm, with the
average of the two measurements closest to each other
documented for data collection.
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NAFLD ASSESSMENT
VCTE (FibroScan 502 Touch model; Echosens,

Paris, France) was used to measure participants’
liver steatosis and liver stiffness (a validated proxy
for ﬁbrosis).(27’28) The FibroScan is a 10-15-minute
noninvasive technique that transmits prorogated
shear waves within the liver by using M or XL
probes. All participants were asked to fast for at
least 3 hours before the scan, which was performed
by a certified physician or technician who obtained
a minimum of 10 measurements from each partici-
pant. The speed of the shear wave also provides liver
stiffness measurements (LSMs) from the velocity of
liver tissue microdisplacements induced by propa-
gated shear waves. The device simultaneously calcu-
lated the median continuous attenuation parameter
(CAP) and LSM values along with the interquartile
range (IQR). CAP is measured in decibels per meter
(dB/m), and values range from 100-400 dB/m, with
higher values indicating higher amounts of liver fat.
CAP measurements are considered valid when the
IQR of CAP is <30 dB/m and 10 valid measure-
ments are achieved.*”?”) A CAP score 2288 dB/m
(25% hepatic steatosis) indicated NAFLD status.”
This threshold has been validated with our study
population and is an acceptable strategy for the
screening of NAFLD.?” However, we also exam-
ined the following steatosis stages used in previous
populations studies:"” none (S0), CAP < 248
dB/m; mild (S1), CAP 248 to <268 dB/m (10%-
33% steatosis); moderate (S2), 268 to <280 dB/m;
and severe (S3), 2280 dB/m (>66% steatosis).
LSM measurements range from 1.5 kPa to 75 kPa,
with higher values indicating more severe fibrosis.
Fibrosis severity cut-off values used were <7.9 kPa
(FO0-F1),7.9 to <8.8 kPa (F2), 8.8 to <11.7 kPa (F3),
and >11.7 kPa (F4).(28) LSM values of 7.9 kPa or
greater indicated significant fibrosis.*® All partic-
ipants were given the opportunity to review their
VCTE results with a physician, one of whom was
bilingual and bicultural.

GENOTYPING

Two buccal swabs (Whatman OmniSwab), one
from each cheek, were collected from the study par-
ticipants. After collection, the University of Arizona
Genetics Core isolated genomic DNA, quantitated
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it, and used it as the template in a TagMan single-
nucleotide polymorphism (SNP) genotyping assay.
The genotype at the rs738409 SNP, located in
codon 148 of PNPLA3, was then determined for
each participant categorized as genotypes CC (no-
risk alleles), CG (one-risk allele), and GG (two-risk
alleles).

SELF-REPORTED
QUESTIONNAIRES

A demographics questionnaire was administered
to collect information regarding age, health status
(diagnosed controlled hypertension or type 2 dia-
betes), marital status (married or live-in partner),
employment status, annual household income, high-
est level of education completed, health insurance
status, and primary language spoken at home. The
validated Acculturation Rating Scale for Mexican-
Americans—II was used to assess cultural orientation
through a multidimensional approach.®" The 30-
item scale was used to assess the Anglo Orientation
Subscale (AOS; 13 items) and the Mexican
Orientation Subscale (MOS; 17 items). The items
selected for each subscale were added and divided by
the number of items on the MOS and AOS scales
separately to obtain a raw score mean for each scale.
This allowed acculturative types, such as traditional
Mexican, integrated low bicultural, and integrated
high bicultural, to be identified. In addition, place of
birth was obtained from the participant’s response
to generation status. Those who self-identified as
first generation (born in Mexico or other country
besides the United States) were classified as for-
eign born. Physical activity was assessed using the
validated Global Physical Activity Questionnaire
(GPA(D.(32’33) The GPAQ_was administered to par-
ticipants by study staff using show cards in either
English or Spanish to assist participants in com-
pleting the questionnaire accurately. The GPAQ_
provides minutes per week of leisure time physical
activity (LTPA) calculated by responses to intensity
type (moderate-vigorous), frequency (days/week),
and duration (minutes). Lastly, sleep quality over
the past month was assessed using the Pittsburgh
Sleep Quality Index (PSQI).%¥ The PSQI includes
19 self-rated items combined into seven compo-
nent scores (sleep duration, sleep disturbance, sleep
latency, daytime dysfunction due to sleepiness, sleep
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efficiency, overall sleep quality, and sleep medication
use). Component scores range from 0 to 3 points (0,
no difficulty; 3, severe difficulty). The sum of the
seven component scores results in the total global
score with a range from 0 to 21 and a score of 25
indicating poor sleep quality.

DIETARY RECALLS

Dietary intake was assessed by three 24-hour dietary
recalls on two weekdays and one weekend day, using the
US Department of Agriculture Automated Multiple-
Pass Method.®® All recalls were administered by
trained bilingual staff by telephone in the participant’s
preferred language. A food amounts booklet was pro-
vided to participants at the completion of the in-person
study visit to assist in estimating portion sizes during
the recalls. The nutrition data were analyzed by usin
the Nutrition Data System for Research, version 18.0¢
Diet quality was assessed using the Healthy Eating
Index (HEI)-2015, a diet quality index that has demon-
strated validity and reliability for measuring alignment
with the Dietary Guidelines for Americans.®” The
HEI-2015 includes 13 dietary components consisting
of nine adequacy components and four moderation
components. Each component was assigned a maxi-
mum of 5-10 points, with the total HEI score ranging
from 0 to 100 points, with a higher score aligning with
the dietary guidelines.®”” HEI-2015 has been used pre-
viously to assess diet quality and eating practices among
Hispanic/Latino men and women.*®

STATISTICAL METHODS

Summary statistics were used to describe the sam-
ple stratified by NAFLD status. Because physical
activity was skewed, we used the median and IQR.
We compared individuals with and without NAFLD
by using # tests and chi-squared tests for continuous
and categorical variables, respectively. Point-biserial
correlation (continuous variables) and Kendall’s tau
correlation (categorical variables) were used to esti-
mate the correlation between NAFLD and each of
the variables. To investigate possible sex differences,
we compared steatosis and fibrosis scores by sex using
¢ tests as well as repeating our initial univariate tests
by sex.

Multivariable logistic regression models were used
to estimate odds ratios (ORs) and 95% confidence

GARCIAETAL.

intervals (Cls) for NAFLD and were specified a pri-
ori. Our base model (model 1) included PNPLA3, age,
sex, BMI, and the interaction of BMI and sex, as there
is evidence that each of these variables is a NAFLD
risk factor and that the association with BMI may be
modified by sex.*'? We chose BMI over waist cir-
cumference or weight by itself because of its strong
association with NAFLD as well as its interpretability.
We did not include waist circumference in the same
model as BMI due to the high correlation between
these variables. We then fit several other models: model
1 + comorbidities (diabetes, hypertension); model 1 +
cultural variables (MOS, home language preference);
model 1 + behavioral variables (LTPA, sleep quality,
and HEI). We used the concordance index (c-index)
to assess whether these added variables improved the
fit of model 1. The c-index is a measure of goodness of
fit for logistic models, with values close to 1 indicat-
ing good fit to the data. Although some genetic mod-
els assume a linear relationship (coded continuously
as 0, 1, 2), we used PNPLA3 as a categorical variable
(CC, GC, CG) because descriptive statistics did not
support a linear relationship. However, we also exam-
ined the PNPLA3 genotype, assuming an additive/
linear model. For self-reported questionnaire variables
(MOS, PSQI, HEI-2015), we estimated ORs for an
increase of 1 SD. Prevalence of NAFLD by sex was
estimated from model 1. Prevalence and 95% CI of
steatosis stage and fibrosis stage, with the same cutoffs
as Zhang et al., ')

The primary aim of this study was to estimate the
prevalence of NAFLD, but we recognize that dichoto-

mization of continuous variables can lead to decreased

were estimated.

power and misclassification bias.®” Therefore, we
performed additional post hoc supporting analyses
using hepatic steatosis score as a continuous variable
using the covariates from model 1. All analyses were

conducted in SAS, version 9.4 (Cary, NC).

Results

There were 307 participants, 155 (50%) of
which were classified as having NAFLD (Table 1).
Participants were mostly women (194, 63%), with a
mean age of 44.5 years, BMI of 32.7 kg/m? weight
of 88.9 kg, and waist circumference of 106.7 cm.
Most participants were married or had a partner (222,

72.3%), were foreign born (214, 69.7%), preferred to
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TABLE 1. DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF 307 MO MEN AND WOMEN
(MAY 2019-MARCH 2020)

Correlation with No NAFLD
NAFLD* (n=152) NAFLD (n=155) PValue Total (n = 307)

Liver steatosis (CAP; dB/m) - 246.6 (30.3) 328.9 (28.8) <0.0001 288.1 (50.6)
Liver fibrosis (kPa) 0.26 49(1.2) 6.4 (3.7) <0.0001 5.7 (2.8)
PNPLA3 0.08 0.18

cC 42 (27.6) 38 (24.5) 80 (26.1)

CG 78 (51.3) 70 (45.2) 148 (48.2)

GG 32 (21.1) 47 (30.3) 79 (25.7)
Sex 0.04 0.47

Female 93(61.2) 101 (65.2) 113 (36.8)

Male 59 (38.8) 54 (34.8) 194 (63.2)
Age (years) 0.03 44.2 (11.7) 44.8 (10.7) 0.64 44.5(11.2)
Age categories 0.03 0.58

19-29 20 (13.2) 12(7.7) 32 (10.4)

30-39 35 (23.0) 38 (24.5) 73 (23.8)

40-49 41 (27.0) 49 (31.6) 90 (29.3)

50-59 42 (27.6) 41 (26.5) 83 (27.0)

60-70 14(9.2) 15(9.7) 29 (9.5)
BMI (kg/m?) 0.34 309 (4.1) 34.5(5.7) <0.0001 32.7 (5.3)
Weight (kg) 0.28 84.3 (13.6) 93.5(17.9) <0.0001 88.9 (16.6)
Waist circumference (cm) 0.36 101.9 (10.4) 111.3 (10.4) <0.0001 106.7 (13.0)
Hypertension 0.03 29 (19.1) 33(21.2) 0.63 62 (20.2)
Diabetes 0.07 12 (7.9) 19.(12.3) 0.20 31(10.1)
Married/live-in partner 0.06 106 (69.7) 116 (74.8) 0.32 222 (72.3)
Employed -0.10 115 (75.7) 103 (66.5) 0.08 218 (71.0)
Annual Household Income -0.02 0.89

<30K 76 (50.0) 81 (52.3) 157 (51.1)

30-60K 54 (35.5) 51 (32.9) 105 (34.2)

>60K 22 (14.5) 23(14.8) 45(14.7)
Education -0.07 0.42

Less than high school 40 (26.5) 50 (32.3) 90 (29.4)

High school or GED 32(21.2) 70 (45.2) 67 (21.9)

Greater than high school 79 (52.3) 35 (22.6) 149 (48.7)
Health insurance -0.05 94 (61.8) 89 (57.4) 0.43 183 (69.6)
Birthplace 0.07 0.21

Foreign born 101 (66.5) 113 (72.9) 214 (69.7)

United States born 51(33.6) 42 (27.1) 93 (30.3)
Language at home 0.03 0.62

Spanish 110 (72.4) 116 (74.8) 226 (73.6)

English 42 (27.6) 39 (25.2) 81 (26.4)
MOS (1-5) -0.05 4.13(0.62) 4.06 (0.66) 0.40 4.10 (0.64)
Acculturation 0.005 0.50

Very Mexican oriented 78 (51.3) 73 (47.1) 1561 (49.2)

Mexican oriented fo ap- 40 (26.3) 48 (31.0) 88 (28.7)

proximately bicultural

Slightly Anglo bicultural 23 (15.1) 24 (15.5) 47 (15.3)

Strongly Anglo oriented 11 (7.2) 8(5.2) 19 (6.2)

Very assimilated 0(0) 2(1.3) 2(0.7)
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TABLE 1. Continued

Correlation with No NAFLD
NAFLD* (n=152) NAFLD (n=155) PValue' Total (n = 307)
LTPA (hours/week; median, 0.03 1.5(0,3.0) 2.0(0,4.0 0.34 1.6 (0,3.5)
IQR)
HEI (0-100) 0.008 55.7 (11.4) 55.9 (12.2) 0.90 55.8(11.8)
Sleep (PSQI, 0-21) 0.003 6.0 (3.8) 6.0 (3.6) 0.97 296 (6.0)

Note: Values displayed are means (SD) of continuous variables and counts (%) of categorical variables unless otherwise noted. Missing data

rates <19, except for HEI (8%) and PSQI (4%).
Abbreviation: GED, General Educational Development.

*Point-biserial (continuous) and Kendall’s tau (categorical). Steatosis not shown as this is how NAFLD is defined. Statistical significance

for correlations was similar to ¢ tests and chi-squared tests.
f£ test (continuous) and chi-squared test (categorical).

TABLE 2. PREVALENCE OF STEATOSIS AND
FIBROSIS STAGE IN 307 MO MEN AND WOMEN

Steatosis Stage by CAP n (%) 95% Cl for Prevalence
S0 (none): <248 dB/m 68(22.2) 17.6,22.7
S1 (mild): 248-267 dB/m 36 (11.7) 8.4,15.9
$2 (moderate): 268-279 30 (9.8) 9.8,6.7
dB/m
S3 (significant): >280 dB/m 173 (56.4) 50.6,62.0
Fibrosis
FO-F1 (<7.9 kPa) 271 (88.3) 84.1,91.7
F2 (7.9 10 <8.8 kPa) 15 (4.9) 2.8,7.9
F3 (8.810<11.7 kPa) 15(4.9) 2.8,7.9
F4 (211.7 kPa) 6(2.0) 07,42

speak Spanish at home (226, 73.6%), had education of
high school or less (157, 51.3%), were employed (218,
71.0%), and had an annual houshold income less than
$30,000 per year (157, 51.1%). Median LTPA was 1.6
hours/week. The prevalence of S1,S2, and S3 steatosis
stage by CAP were 36%, 30%, and 56.4%, respectively
(Table 2). Nearly 12% of participants were identified
as having significant fibrosis.

Statistically significant differences between indi-
viduals with and without NAFLD were found for
BMI, weight, waist circumference, and liver fibro-
sis (P < 0.0001). When univariate analyses were
repeated by sex, the same variables were significant
but with slightly smaller differences for women (data
not shown). No other variables were associated with
NAFLD prevalence. The variables with highest cor-
relation with NAFLD were waist circumference
(r=0.36), BMI (r = 0.34), weight (r = 0.28), and liver
fibrosis (» = 0.26). All other correlations had magni-

tudes <0.1. There was no evidence of sex differences

in steatosis (men, 287.8 dB/m; women, 288.4 dB/m)
or fibrosis (men, 5.69 kPa; women, 5.56 kPa).
There was some evidence for effect modification

of BMI by sex (P. = 0.08), particularly when

interaction

considering the differences in effect size (Table 3).
The estimated OR for an increase in BMI of 5 kg/m?
was 3.36 (95% CI, 1.90, 5.91) for men and 1.92 (95%
CI, 1.40, 2.64) for women. The estimated prevalence
of NAFLD was 0.48 (95% CI, 0.44, 0.52) for men
and 0.52 (95% CI, 0.50, 0.54) for women. Neither sex
nor age were statistically significant, with an OR of
0.78 for women compared to men at a mean BMI of
32.7 kg/m?* (95% CI, 0.44, 1.39) and an OR of 1.10
(95% CI, 0.98, 1.23) for each 5-year increase in age.
PNPLA3 genotype was also not statistically significant
(P = 0.28), with an OR of 1.62 (95% ClI, 0.82, 3.19)
for GG compared to CC and 1.06 (95% CI, 0.59,
1.91) for CG compared to CC. Modeling PNPLA3
genotype linearly did not show a statistically signif-
icant effect either. Including comorbidities, cultural
variables or behavioral variables did not substantially
improve the fit of the model, with c-indices 0.71-0.72.
None of the added variables were statistically signifi-
cant in any of the models, and estimates for BMI, sex,
age, and PNPLA3 were similar to those in model 1.
When steatosis was used as a continuous variable
in a linear regression for post hoc supporting analyses,
we found similar results but with increased power, as
expected. We found significant effect modification of
BMI by sex (P, . .con = 0-03) as well as significant
effects of age (P = 0.05) and PNPLA3 (P = 0.02). An
increase in BMI of 5 kg/m? resulted in an increase
in steatosis of 42.2 dB/m (95% CI, 23.3, 61.0) for
men but only 30.1 dB/m (95% CI, 21.1, 39.1) for
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TABLE 3. FACTORS ASSOCIATED WITH NAFLD IN 307 MO MEN AND WOMEN

Model 1:Age, Sex, BMI, Model 1 + Model 1 + Cultural Model 1 + Behavioral
BMIxSex, PNPLA3 Comorbidities Variables Variables
BMI (per 5 kg/mz) Pinleruciion =0.08" Pimeraction =0.08" ’Dinleruciion =0.09" Pimerocﬂon =0.13"
Male 3.40 (1.92,6.00) 3.35(1.90,5.93) 3.44 (1.94,6.01) 3.27 (1.84,5.81)
Female 1.89 (1.38,2.59) 1.90 (1.38,2.60) 197 (1.42,2.71) 1.98 (1.42,2.75)

Sex (female vs. male, at
mean BMI, 32.7 kg/m?)

Age (per 5 years)
PNPLA3

CC

CG

GG
Diabetes
Hypertension

0.78 (0.44,1.39)

1.10(0.98,1.23)
P=0.28
Reference

1.06 (0.59,1.91)

1.62(0.82,3.19)

0.80 (0.47,1.38)

1.10(0.98,1.24)
P=0.32
Reference
1.04 (0.57,1.88)
1.57(0.80,3.11)
1.41 (0.60, 3.31)
0.88 (0.45,1.70)

0.83 (0.48,1.43)

1.10(0.98,1.23)
P=0.35
Reference

1.08 (0.60, 1.96)

1.59(0.80,3.14)

0.84 (0.48,1.47)

1.09 (0.97,1.22)
P=0.17
Reference

1.07 (0.58,1.95)

1.80(0.90, 3.60)

Language at home (Spanish
vs. English)

MOS (per SD, 0.64)
LTPA (hours)

Sleep quality (PSQI, per SD,
3.6)

HEI (per SD, 11.4)

1.90 (0.94,3.82)

0.89 (0.64,1.21)
1.02 (0.95,1.10)
0.94 (0.74,1.21)

1.09 (0.84,1.42)

c-index (0-1, larger is better) 0.712 0.714 0.722 0.717

Note: Values shown are ORs and 95% Cls.
*P. = Pvalue for the BMI x sex term.

interaction

women. A 10-year increase in age was associated with
an increase in steatosis of 4.7 dB/m (95% CI, 0.03,
9.4). Mean steatosis for individuals with the CC, CG,
and GG genotypes was 280.9, 284.9, and 301.6 dB/m,
respectively, with significant differences between CC
versus GG and CG versus GG (see Fig. 2). In a lin-
ear model assuming an additive/linear genetic model
controlling for age, sex, BMI, and sex by BMI inter-
action, we found a significant association of PNPLA3
SNP with steatosis (beta = 9.5; 95% CI, 2.5, 16.6;
P =0.008).

Discussion

This study is among the first to use VCTE
(FibroScan) to estimate the prevalence of NAFLD
and to examine a comprehensive range of risk factors
(comorbidities, behavioral, cultural, and genetic) in a
community-based sample of MO adults. In a primarily
Spanish-speaking, foreign-born study group residing
in southern Arizona near the United States—Mexico
border, the overall estimated prevalence of NAFLD
was 50%. Women had a slightly higher prevalence of
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NAFLD (52%) compared to men (48%); however,
this difference was not statistically significant. There
were significant differences in anthropometric mea-
sures (BMI, weight, waist circumference) and liver
fibrosis for those identified with NAFLD compared
to those without. However, there was no evidence
of associations between NAFLD and comorbidities,
cultural, and behavioral factors. In post hoc analyses,
we did find a significant effect modification of BMI
by sex (larger effect of BMI for men than women),
age, and PNPLAS3 risk allele carrier status. Further, a
significant association of the PNPLAJ risk allele with
steatosis was observed, particularly for individuals
who were carriers of the GG genotype.

Overall, the prevalence rates of NAFLD observed in
our study sample are higher than previous population-
based studies. The Dallas Heart Study (DHS) was the
first population-based study to examine NAFLD by
race and ethnicity by using magnetic resonance (MR)
spectroscopy.”’ In a sample of 401 Hispanics, includ-
ing 172 men and 229 women, NAFLD was found to
be significantly higher in Hispanics (45% for both
men and women) compared to 33% in non-Hispanic

Whites and 24% in non-Hispanic Blacks.”” The
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FIG. 2. Levels of liver steatosis (CAP; dB/m) among individuals
with CC, CG, or GG genotypes of the PNPLA3 rs738409 SNP.
Violin plots show median value (horizontal line in middle), the
first and third quartile (box), and first quartile — 1.5 IQR (lower
whisker) and third quartile + 1.5 IQR (upper whisker). Colored
area represents a kernel density estimation to show the distribution
of the values.

authors attributed the higher prevalence of NAFLD
in Hispanics to the higher prevalence of obesity and
insulin resistance. Compared to our study sample,
the DHS was a population based study; therefore,
it is possible it was a more representative sample of
individuals who enrolled due to general health con-
cerns. In fact, Hispanic women and men in the DHS
were on average 2 years younger and had lower BMIs
(approximately 2 BMI units) compared to our study
sample. In addition, the DHS used MR spectroscopy,
a gold standard for noninvasive assessment of hepatic
steatosis. Further, no data were reported specifically

GARCIAETAL.

for MO adults. These reasons could potentially
explain the slightly lower NAFLD prevalence rates.
Fleischman et al.”) were the first to compare preva-
lence rates of NAFLD between U.S. Hispanic subpop-
ulations, including Hispanics of MO and Hispanics
of Caribbean origin (Dominican and Puerto Rican) in
the Multi-Ethnic Study of Atherosclerosis (MESA).
In a sample of 788 Hispanics (524 MO adults, 121
Dominicans, and 143 Puerto Ricans), cardiac com-
puted tomography determined 33% (n = 179) of
Hispanics of MO had NAFLD compared to 16%
(n = 21) of Hispanics of Dominican origin and 18%
(n = 25) of Hispanics of Puerto Rican origin.”’
Consistent with our findings, of the 179 Hispanics
of MO identified with NAFLD, 52% (n = 93)
were women and 48% (n = 86) were men.”” When
Fleischman et al.”) examined predictors of NAFLD,
including demographic, anthropomorphic, and phys-
iologic characteristics, there were no significant dif-
terences across Hispanic subpopulations; however,
when compared to each other, Hispanics of MO had
significantly higher BMIs compared to Hispanics of
Dominican origin. Notably, MO adults with NAFLD
in our study sample had nearly identical BMIs as
Hispanics of MO in MESA, yet they were almost 16
years younger and had a lower prevalence of comorbid
conditions, such as hypertension and diabetes.
Within NHANES III (1988-1994), estimates of
NAFLD assessed by ultrasonography for MO adults
were 28.7% for MO women and 29.6% for MO
men.®1? These estimates were higher in MO men
with obesity, ranging from 48.6% to 59.5% for obese
class T (BMI, 30-34.9 kg/m?) and class IT (BMI, 35-
39.9 kg/m?) categories.(g’lz) Similar increases were
observed for MO women (obese class I, 38.1%; obese
class II, 52.2%). There were strong independent asso-
ciations between diabetes or insulin resistance and
dyslipidemia with NAFLD.® Further, sedentary
individuals had a significantly higher prevalence of
NAFLD independent of other risk factors.®) Similar
to our findings, no statistically significant interactions
were found between age and sex or diabetes (comor-
bid condition) and BMI. However, we did find a clin-
ically significant interaction between BMI and sex
(when using NAFLD as the outcome) and a clinically
and statistically significant interaction when using
the continuous measure of steatosis. In the Hispanic
Community Health Study/Study of Latinos (HCHS/

SOL), levels of aminotransferase were used as a
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surrogate biomarker to identifg suspected NAFLD in
a sample of 520 MO adults."” The overall prevalence
of suspected NAFLD was 26% for MO men and
18.8% for MO women, an estimate much lower than
previous studies. Notably, the HCHS/SOL study was
the first to examine NAFLD based on levels of accul-
turation characterized by language use (e.g., Spanish
language only, Spanish better than English, both
equal, English better than Spanish, or English only).
Similar to our findings, no behavioral (e.g., sleep dis-
turbance, physical activity, or dietary carbohydrates)
or cultural variables (e.g., acculturation) were directly
associated with the odds of having NAFLD."? Given
this finding, the authors suggested there are likely
“undefined” factors playing a role in the presence and
progression of NAFLD, specifically genetic predispo-
sition."” Our post hoc analyses support this perspec-
tive as the PNPLA3 G risk allele was found in 76% of
MO individuals in our study sample identified with
NAFLD. Further, higher levels of steatosis overall
were observed for PNPLAS risk allele carriers.

More recently, estimates of the prevalence of
NAFLD from NHANES 2017-2018 in the US gen-
eral population by using VCTE were examined.'? In
this study by Zhang et al, ™ NAFLD was defined
by CAP scores > 248 dB/m in the absence of exces-
sive alcohol use and viral hepatitis. Overall, approxi-
mately 57% of participants were identified as having
NAFLD. However, when stratified by sex and race or
ethnicity, Hispanics (63.7%) had a higher prevalence of
NAFLD compared to non-Hispanic Whites (56.8%)
and non-Hispanic Blacks (46.29%).1V Hispanic men
had the highest prevalence overall (70.7%), regardless
of sex and race or ethnicity, and Hispanic women had
the highest prevalence among all women (57.0%) in
the US. There are a few potential reasons for the dif-
ferences observed compared to our estimated preva-
lence rates. We chose to use a CAP score > 288 dB/m
to identify NAFLD based on previous work in MO
populations.?” If we had used a CAP score > 248
dB/m, our overall prevalence estimates would have
been 77.9%, including 77.3% for women and 78.8%
for men. In fact, when authors applied a more strin-
gent cut-off of 2290 dB/m in NHANES 2017-2018,
the prevalence of NAFLD was lower at 40.5% for
Hispanics with 47.0% and 34.4% for men and women,
res(pectively.(ll) Using the same cut-off, Shaheen et
al."¥ estimated the prevalence of NAFLD specifically

for Mexican Americans to be 42.8%. As demonstrated
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in the studies described above, we would expect
higher rates to be observed in this population due
to genetic predisposition alone. Further, our sample
had an average BMI that was 2 units higher than
those in Zhang et al. ™ (34.5 kg/m? vs. 32.7 kg/m?)
in those identified with NAFLD.

A potential reason for differences in the preva-
lence of NAFLD across studies described above could
be attributed to the variance in the definitions of
NAFLD and assessment techniques used. While liver
biopsy is the gold standard for NAFLD diagnosis,
the procedure is invasive, has a high degree of vari-
ability and sampling error, and carries associated risks
and costs.“Y A recent systematic review conducted
by Monelli et al Y examined existing guidelines
for NAFLD assessment and identified the develop-
ment of noninvasive tests to replace liver biopsy as
a research priority. While ultrasound was the most
frequently recommended technique to confirm liver
steatosis, using other techniques, such as elastography
(e.g., VCTE), in combination with liver function tests
and fibrosis scores to identify individuals at risk of
advanced liver disease has also been recommended.”
Indeed, a combination of assessment modalities can
provide more accurate diagnosis and liver disease
severity staging that is critical to continued monitor-
ing and future assessment of treatment options.(42)
Further, using a combination of noninvasive assess-
ment techniques, particularly within community-
based settings, could provide a more efficient process
for referral to a hepatologist for follow-up care beyond
the initial assessment and identification of NAFLD.
This could have a broader implication for improving
health equity among underserved communities, which
often have limited time and resources to gain access to
health care services for liver disease.

A key strength of our study was adding to the lim-
ited number of studies that estimated the prevalence
of NAFLD among Hispanics, in this case specifically
among MO Hispanics with overweight or obesity
residing near the border of United States—Mexico in
southern Arizona. This approach is warranted given
the disparate rates of this condition among Hispanics
based on country of origin.”” Our study sample was
a well-characterized community-based sample of MO
adults that were largely Spanish speaking and foreign
born. Often times this population is difficult to recruit
for research, and our work has demonstrated that we
can overcome this barrier, particularly when Hispanic
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adults are informed on the emerging concern with
NAFLD in the community. Additionally, our com-
prehensive assessment of risk factors, which included
a validated measure of acculturation, allowed us to
fit several models to determine if additional insights
could be obtained apart from more well-established
NAFLD risk factors. In fact, we identified BMI by
sex, age, and PNPLA3 risk allele carrier status as fac-
tors associated with steatosis.

This study is not without limitations. We did not
have biological samples to measure insulin resistance,
and confirm diabetes and hyperlipidemia status,
which are other common risk factors of NAFLD. Our
sample did not have representation of normal-weight
individuals, and as such our prevalence rates likely
overestimate prevalence in the overall adult popula-
tion wherein an estimated 25.3% of Hispanic adults
in the region would be expected to be of normal BMI
(218.5-24.9 kg/m?).*

It has been demonstrated that NAFLD develops in
individuals with a normal BMI (lean NAFLD), and
risk factors may differ in this group.(44) Lean NAFLD
has a greater association with genetic risk factors (e.g.,
PNPLA3), suggesting less metabolic adaptability at
lower body weights.*) Increased visceral adipose tis-
sue (VAT) further contributes to less metabolic adapt-
ability and risk of NAFLD at lower body weights.**)
Future research in this area should include MO par-
ticipants with lean NAFLD, given the high rates of
PNPILA3, VAT, and insulin resistance observed for
this subpopulation.(46) Further, given that our exclu-
sion criteria were strict, we had a relatively “healthy”
group of individuals with overweight or obesity
because we excluded many factors that affect liver ste-
atosis. This sample selection bias may have resulted in
an underestimation of liver steatosis prevalence in our
study sample relative to all Hispanic adults with over-
weight or obesity and limits the generalizability of
our findings. Finally, the cross-sectional design infers
no causality because temporal relationships between
behavioral and cultural factors cannot be established.

The MO population is among the largest and
fastest growing populations in the US. Our data sug-
gest high prevalence rates for NAFLD and steatosis,
clinical conditions that could be treated with effec-
tive therapeutic interventions for this high-risk group,
particularly in southern Arizona. Continued efforts to
elucidate the complex interactions between genetics,
culture, behaviors, and environmental factors in the

GARCIAETAL.

prevalence of NAFLD in MO populations are war-
ranted to mitigate the potential long-term impact of
this disease on individuals and ultimately the public
health system.
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