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BACKGROUND AND AIMS: Metabolic-associated fatty liver
disease (MAFLD) is a leading cause of chronic liver disease.
Nowadays, the prevalence of MAFLD in Mexico is unknown
with no screening point-of-care tools. We aimed to estimate the
prevalence of MAFLD in Mexico and to develop a score for
MAFLD screening. METHODS: We conducted a cross-sectional
study in 5 Mexican states, including adult subjects evaluated
in checkup campaigns. Subjects underwent a liver ultrasound to
look for hepatic steatosis. Based on the most clinically relevant
variables associated with MAFLD, we developed the MAFLD-
screening score (MAFLD-S). Discrimination and calibration of
the score were evaluated using the area under the ROC curve
and observed vs predicted plots, respectively. RESULTS: We
included 3357 participants (60% female, mean age 47 � 12
years). Fifty-two percent had hepatic steatosis, and 47% met
MAFLD criteria. Subjects with MAFLD were older (48 � 11 vs
45 � 13 years, P < .001), were more frequently males (43% vs
36%, P < .001), and had a higher body mass index (31.6 þ 4.9
vs 25.6 þ 3.8 kg/m2, P < .001) than subjects without MAFLD.
The MAFLD-S includes age, body mass index, gender, diabetes,
hypertension, and dyslipidemia and has an area under the
curve of 0.852, 95% CI ¼ 0.828–0.877, with a sensitivity of
78.8% and a specificity of 82.8% for the optimal cutoff. Using
data from the National Health and Nutrition Survey 2018–2019,
we predicted a MAFLD national prevalence of 49.6%.
CONCLUSION: Nearly half of the Mexican population has
MAFLD, representing a present and future challenge. With
external validation, the MAFLD-S could be a valuable and
practical screening tool.
cardiovascular disease; DM, diabetes mellitus; ENSANUT, Encuesta
Nacional de Salud y Nutrición; HS, hepatic steatosis; MAFLD, metabolic-
associated fatty liver disease; MAFLD-S, MAFLD-screening score; NAFLD,
nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; US,
ultrasound.
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Introduction
onalcoholic fatty liver disease (NAFLD) is defined
https://doi.org/10.1016/j.gastha.2021.12.011
Nas the presence of �5% of hepatic steatosis (HS).
This previous definition merited the exclusion of secondary
causes of HS (ie, excessive alcohol consumption). Recently, it
has been proposed to redefine NAFLD as metabolic
(dysfunction)-associated fatty liver disease (MAFLD), which
focuses on a positive diagnosis. This new term also pre-
cludes the word alcohol to eliminate stigma in patients.1

Despite the novelty of this definition, its use has not
spread worldwide, and most data on this disease are known
from studies using the previous definition.

Although liver outcomes of NAFLD such as steatohepatitis,
cirrhosis, and hepatocellular carcinoma are not universal, this
disease is becoming an alarming health care problem because
of its high prevalence. Using imaging as a diagnostic tool for
HS, the NAFLD prevalence is estimated to be 25% world-
wide2; data from Latin America seem comparable, with
prevalence rates ranging from 14% to 17% in Mexico.3,4

As MAFLD is intimately related to chronic metabolic
diseases and an independent risk factor for cardiovascular
diseases (CVDs), it represents an alarming issue for Mexico.
As per the National Health and Nutrition Survey (ENSA-
NUT),5 25% of adults older than 60 years suffer from dia-
betes, and 96% of those older than 50 years have abdominal
obesity.
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Efforts have been made to develop a screening tool to
identify fatty liver disease. To avoid costs related to mass
implementation of imaging studies, scores such as the fatty
liver index, lipid accumulation product, liver fat score, and
clinical risk scoring for predicting NAFLD in patients with
metabolic syndrome (NAFLD-MS) have been developed in
the past decades.6–9 Although these scores require simple
laboratory results, few have been externally validated, and
to date, no score can predict the presence of MAFLD solely
with clinical characteristics, limiting their implementation.

Our study aims to estimate the prevalence of MAFLD in a
Latin American country with a high burden of metabolic
diseases and to develop a practical score for screening.
Methods
We performed a cross-sectional study from January 2017 to

February 2019. Multiple checkup campaigns were performed
for the general population from 5 Mexican states as a private
initiative for timely diagnosis of MAFLD. Included subjects were
adults (18 years or older) who self-proposed to participate and
signed informed consent. Subjects were excluded if excessive
alcohol consumption was self-reported (defined as more than
20 grams/d for women and 30 grams/d for men) and elimi-
nated if their clinical data were incomplete. Every participant
underwent a brief survey-based medical history that comprised
family and personal history for metabolic diseases (ie, T2 dia-
betes mellitus [DM], hypertension, CVD) and daily alcohol
intake. Past medical history for CVD (family and personal)
included myocardial infarction, cerebrovascular diseases, pe-
ripheral artery disease, and chronic stable angina. After medical
history was retrieved, weight and height were documented, and
a liver ultrasound (US) was performed. All USs were performed
by a single physician (fully capacitated in performing liver US)
and supervised by a single radiologist. USs were performed
using the same equipment (Welld 9618).

Overweight and obesity were defined according to World
Health Organization criteria as a body mass index (BMI) greater
than or equal to 25 kg/m2 and a BMI greater than or equal to
30 kg/m2, respectively. As per US findings, HS was defined as
none, grade 1 (lower liver-to-spleen attenuation with normal
visualization of intrahepatic vessels), grade 2 (moderate liver-
to-spleen attenuation, intrahepatic vessels with lower attenu-
ation than the liver), and grade 3 (higher liver-to-spleen
attenuation and nonvisible liver vessels).10 For this study, pa-
tients were considered as positive for steatosis if they had
grade 1 or higher in their US assessment or negative otherwise.
MAFLD was defined according to the 2020 International
Consensus Panel.1 A positive diagnosis was made if the liver US
was positive for steatosis plus any of the following: overweight
or obesity, T2DM, or at least 2 metabolic abnormalities (hy-
pertension and dyslipidemia). Mild alcohol consumption was
defined as a self-reported social or occasional consumption
below the previously defined limit.

Statistical Analysis
Participants’ characteristics are described in frequencies

and percentages if categorical, or in mean and standard devi-
ation if numerical, and are compared between subjects fulfilling
and not fulfilling the MAFLD criteria using a t-test that allows
for heteroscedasticity if numerical or using the c2 test for in-
dependence if categorical.

The prevalence of MAFLD was estimated in each state
where the study was performed using the normal approxima-
tion to the binomial distribution to compute the 95% confi-
dence intervals (CIs). The prevalence of MAFLD was
extrapolated to all Mexican states using data from the ENSA-
NUT 2018–2019 and the proposed score (see in the following).
ENSANUT is a survey performed every 6 years by the National
Institute of Public Health in Mexico to estimate information
regarding health and nutrition in the Mexican population. This
is a representative sample of the whole Mexican population,
and data are acquired through questionnaires, in situ mea-
surements (ie, weight, height, BMI, blood pressure, capillary
blood analysis), and biologic samples for further analysis.
Anthropometric measurements are collected from about 41%
of the sample, and weighted statistics are used to obtain the
population estimates with the weights corresponding to the
number of subjects they represent. We used these weights for
our predictions.

To develop a score for MAFLD prediction, we randomly split
the sample into 2 sets: a generating set with 75% of the sample
and a validation set with the remaining 25%. In the generating
set, we fitted 10 different logistic regression models including
MAFLD as the outcome of interest and combinations of age,
gender, diabetes, hypertension, dyslipidemia, and BMI as pre-
dictors (see Table A1). These variables were chosen because we
considered them as the most clinically relevant features to
predict MAFLD. We selected the model to build our proposed
score using the Akaike information criterion (AIC)11 and the
area under the ROC curve in the generating set. We evaluated
the performance of the proposed score in the validation set
using the area under the ROC curve (to assess discrimination)
and graphically comparing the observed and predicted proba-
bilities of having MAFLD in 10 equally sized groups based on
deciles of the predicted probabilities (to assess calibration). We
chose the optimal cutoff for the proposed score using the
Kolmogorov-Smirnov index.12 This score was then applied on
patient-level data obtained from ENSANUT, using the optimal
cutoff obtained in the validation set, to obtain predictions on
the prevalence of MAFLD for the different states and for the
entire country. The statistical analysis was performed using R,
version 4.1.0. ROC curves and their corresponding area under
the curve (AUC) were computed using the pROC package, and
the 95% CIs for the AUC were estimated using the DeLong
method.13 A 2-sided significant level of 0.05 was considered for
comparison of the patients’ characteristics.

This protocol was approved by the Institutional Review
Board of the National Institute of Medical Sciences and Nutri-
tion Salvador Zubirán, Mexico City, Mexico (GAS-3901-21-21-
1). All authors had access to the study data and reviewed and
approved the final article.
Results
General Features

We retrieved 3695 evaluations; 138 were eliminated
owing to incomplete information. The final sample
consisted of 3557 subjects, of which 60% (n ¼ 2147)
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were female, and the mean age was 47 years (�12).
Fifty-two percent (n ¼ 1859) of individuals had HS as
per US findings, 47% (n ¼ 1684) met the criteria for
MAFLD, and 4.9% (n ¼ 175) had HS but did not fulfill
the criteria. The estimated MAFLD prevalence in each of
the 5 states is shown in Figure 1. The prevalence of
self-reported diabetes, hypertension, and dyslipidemia
was 9%, 14%, and 26%, respectively. The mean BMI
was 28.5 kg/m2 (�5.3); 41% of subjects were over-
weight, and 33% were obese.

Comparison Between Patients With and Without
MAFLD

Patients with MAFLD were older (mean age of 48 years
vs 45 years, P < .001), were mostly male (43% vs 36%, P <

.001), had a higher BMI (mean BMI of 31.4 vs 25.7 kg/m2, P
< .001), and had higher prevalence of diabetes, hyperten-
sion, dyslipidemia, and prior history of HS but had a lower
frequency of mild alcohol consumption (41% vs 46%, P ¼
.010). Table 1 shows the population characteristics by
MAFLD status.

Subgroups of Patients With MAFLD
Using the MAFLD criteria, subjects with the disease were

further classified as follows: HS and overweight or obesity
(group 1), HS and T2DM (group 2), and HS and
hypertension-dyslipidemia (group 3). Patients could either
belong to one group or a combination of them. The per-
centage of subjects fulfilling MAFLD criteria in each group is
shown in Figure 2.

Proposed Score for MAFLD Prediction
The AIC and AUC for the assessed models are presented

in Table A2. Model J had the lowest AIC (AIC ¼ 2397) and
Figure 1.MAFLD prevalence in Mexico,
largest AUC (AUC ¼ 0.867) in the generating set. The for-
mula for the proposed model is displayed in Figure A1 and
their coefficients, in Table A3. The proposed score (MAFLD-
screening score, MAFLD-S) includes terms for the following
predictors: age (as a cubic polynomial), BMI (as a cubic
polynomial), gender, diabetes, hypertension, dyslipidemia,
and the interactions of gender with age and of gender with
the BMI. The performance of the proposed score (obtained
with model J) in the validating set is summarized in
Figures A2 and A3. The AUC for the MAFLD-S score in the
validation set is 0.852, 95% CI ¼ 0.828–0.877, and the
optimal cutoff is 0.548 with a sensitivity of 78.8% and a
specificity of 82.8% (see Figure A2). Moreover, the actual
probabilities for the grouped observations in the validation
set are very close to their predicted probabilities (see
Figure A3). The performance of the proposed score for
cutoffs from 0.05 to 0.95 is provided in Table A4.
Predicted Prevalence of MAFLD in the Country
Using the individual patient data of the ENSANUT 2018

sample and the optimal cutoff of the MAFLD-S (0.548), we
predicted a national MAFLD prevalence of 49.6%. The pre-
dicted prevalence at the state level is summarized in
Figure 3 and Table A5. The states with the highest and
lowest predicted prevalence were Baja California and Hi-
dalgo, respectively. The predicted prevalence of MAFLD in
the 5 states where our study was performed, using the
ENSANUT 2018 database, is also presented in Table 2 and
compared with the estimated and predicted prevalence in
our sample. The ENSANUT 2018 demographic characteris-
tics and prevalence of metabolic conditions for the 5 states
where our study was performed are presented in Table A6
and compared with the corresponding summaries in our
sample. Some features were slightly different between these
populations. Compared with our studied subjects, people in
as per the information from our study.



Table 1. Features of Subjects Fulfilling MAFLD Criteria, Compared With Those Who Did Not

Feature MAFLD (n ¼ 1684) No MAFLD (n ¼ 1873) P-valuea

Age (y) (SD) 48 (11) 45 (13) <.001

Female, n (%) 954 (57) 1193 (64) <.001

Weight (kg), mean (SD) 85 (16) 68 (12) <.001

Height (mt), mean (SD) 1.63 (0.10) 1.63 (0.10) .2

BMI (kg/m2), mean (SD) 31.6 (4.9) 25.6 (3.8) <.001

Obesity, n (%) 954 (57) 210 (11)

Family history:
Diabetes, n (%) 891 (53) 1022 (55) .3
Hypertension, n (%) 790 (47) 869 (47) .8
CVD, n (%) 425 (25) 467 (25) .9
Obesity, n (%) 407 (24) 423 (23) .3
Dyslipidemia, n (%) 243 (14) 323 (18) .019
Hepatic steatosis, n (%) 51 (3) 71 (3.8) .2
POS, n (%) 45 (2.7) 46 (2.5) .7
Hypothyroidism, n (%) 76 (4.5) 86 (4.6) .9

Comorbidities:
Diabetes, n (%) 206 (12) 112 (6) <.001
Hypertension, n (%) 317 (19) 175 (9.4) <.001
CVD, n (%) 57 (3.4) 42 (2.3) .04
Obesity, n (%) 756 (45) 210 (11) <.001
Dyslipidemia, n (%) 555 (33) 372 (20) <.001
Hepatic steatosis, n (%) 270 (16) 96 (5.2) <.001
POS, n (%) 127 (7.6) 150 (8.1) .5
Hypothyroidism, n (%) 77 (4.6) 74 (4) .4

Mild alcohol consumption, n (%) 694 (41) 847 (46) .010

Smoking, n (%) 345 (21) 398 (21) .4

POS, polycystic ovarian syndrome; SD, standard deviation.
at-test; Pearson’s chi-squared test.

2022 MAFLD prevalence in Mexico via MAFLD-S score 355
the ENSANUT sample from some states were younger
(Jalisco, Nuevo Leon, and Puebla), were more overweight
and obese (Ciudad de Mexico, Estado de Mexico, and Pue-
bla), were with more hypertension (Ciudad de Mexico and
Estado de Mexico), and had more dyslipidemia (Ciudad de
Mexico).
Figure 2. Groups of patients with MAFLD. Only HS accounts
for patients with HS who did not fulfill MAFLD criteria.
Discussion
Herein, we describe the largest MAFLD epidemiological

study in Mexico, finding an estimated MAFLD prevalence
close to fifty percent in the general population. The preva-
lence found in our study is higher than reported else-
where.2,3 Yet, we did not find this surprising because there
is an alarming and continuous rise of metabolic comorbid-
ities in Mexico. In addition, Hispanics seem to be the most
commonly affected ethnic race.14,15 As per the ENSANUT,
the prevalence of overweight adults in our country is over
70% (women 76.8%, men 73%), and 88.4% of the adult
population have abdominal obesity.5 Although relevant
alcohol consumption was an exclusion criterion for our
study, data from the National Survey of Addictions in Mexico
show that 35.4% of men and 20.2% of women may have
excessive alcohol consumption.16 It is likely that the esti-
mated prevalence of MAFLD would have been even higher if
excessive alcohol consumption had not been excluded. This
is relevant as the overlap between alcoholic steatohepatitis
and nonalcoholic steatohepatitis (NASH) has been associ-
ated with a worse prognosis.

The prevalence described in our study is a worrisome
finding, considering that patatin-like phospholipase
domain–containing protein 3 gene polymorphisms are pre-
dominantly present in Hispanics. These polymorphisms
have been associated with worse MAFLD severity and



Figure 3. Predicted MAFLD prevalence using the developed score.

356 Ruiz-Manriquez et al Gastro Hep Advances Vol. 1, No. 3
prognosis. Genome-wide association studies have confirmed
this association in Mexican-American populations,17 and
previous studies of patients with MAFLD from the Mexican
population have shown an overall frequency of 77% for a
MAFLD-risk allele (haplotype GG).18 If we analyze this high
prevalence of MAFLD in the general population along with
the high burden of patatin-like phospholipase
domain–containing protein 3 polymorphisms in the Mexican
population, many cases will progress to steatohepatitis,
fibrosis, and hepatocellular carcinoma in the upcoming
years.

Identifying MAFLD in every patient is crucial, first
because of the comorbidities mentioned previously and
second because of liver-related outcomes, which include
steatohepatitis, hepatocellular carcinoma development, and
fibrosis (and progression to cirrhosis). Regarding the latter,
it is crucial to identify the presence of fibrosis because it is
the solely most important predictor of both liver- and
nonliver-related mortality, but the first step should be to
diagnose MAFLD itself. Prevalence estimates for steatohe-
patitis among patients with NAFLD have been reported as
high as 30%; conversely, 40.7% of patients with histological
diagnosis of NASH progressed to fibrosis. Regarding
Table 2.MAFLD Prevalence Found in Our Study and After Calc
Population

State
Estimated prevalence in
this study with its 95% CI

Predicted
MAFLD

Mexico City 45.3 (43.1–47.5)

Jalisco 57.1 (51.3–62.9)

Estado de México 43.9 (39.1–48.6)

Nuevo León 53.5 (49.6–57.4)

Puebla 44.3 (38.6–50.0)

Values are presented in percentages.
hepatocarcinoma, the estimated incidence rates are 0.44 per
1000 person-years in patients with HS without inflamma-
tion and 5.29 per 1000 person-years in patients with stea-
tohepatitis.2 Comparatively, Estes et al19 predicted that by
2030, fibrosis will affect up to 0.24% of all patients with HS,
even without NASH. Considering these data, if MAFLD
prevalence trends do not change for the upcoming years, we
will be facing numerous complications of this entity.

Another relevant finding in this study is that 4.9% of the
study population with HS could not be classified as MAFLD.
This percentage could be overestimated as we did not
collect data regarding waist circumference, C-reactive pro-
tein, prediabetes, and insulin resistance. However, this
finding underscores the fact that we need more information
regarding the characteristics and natural history of non-
MAFLD HS.20

The score developed in this study (MAFLD-S) represents
an invaluable tool for an early screening of MAFLD. Our
score has a higher AUC than that reported for the hepatic
steatosis index (AUC ¼ 0.812), the fatty liver index (AUC ¼
0.84), the NAFLD-MS (AUC ¼ 0.76), and the lipid accumu-
lation profile (AUC ¼ 0.80).6–9 Given this high prediction
capability and its simplicity, this score could be a useful tool
ulating the MAFLD Score for Our Population and ENSANUT

prevalence using the
score (our sample)

Predicted prevalence using the
MAFLD score (ENSANUT sample)

44.5 50.8

65.6 44.1

422 47.9

61.8 50.6

42.0 43.7
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to identify those patients at high risk of having the disease,
especially in low-resource settings. This might guide clini-
cians and primary care physicians for a timely diagnosis of
MAFLD.

Strengths of this study include the high number of tests
performed in the general population from the most popu-
lated states in our country. We also retrieved family history
for relevant diseases, which let us compare the different
family backgrounds in MAFLD and no-MAFLD subjects. As
mentioned previously, the proposed score offers good
sensitivity and specificity with accessible data even with low
resources. Finally, this is the first study to include the
MAFLD criteria in our region and the largest epidemiolog-
ical study of HS to date; hence, this study shares important
insight into the urgency and gravity of the problem.

This study has some limitations. First, although the score
was developed and internally applied in a large sample, this
was an internal validation that must be externally evaluated.
Moreover, the score was developed based on US results,
which is known to be suboptimal for the detection of mild
HS. Second, it must be emphasized that we predicted the
prevalence of MAFLD for the different states, and as the real
prevalence for this disease in our population is not yet
known, these data have to be confirmed in the future. Third,
as this is a cross-sectional study, the self-report of alcohol
consumption and family and personal history for the
different diseases could lead to recall bias, and also self-
report alcohol consumption could be underreported.
Fourth, we did not collect information regarding diet and
exercise, both known as risk factors and treatment for
MAFLD. This information would be relevant, as sedentarism
could also be used as another relevant clinical variable to
screen for this disease; fifth, data regarding previous and
current treatments were not retrieved, so we could not
exclude the contribution of several drugs known to cause
HS. In addition, because this study was based on self-
enrollment, there could be some sort of referral bias; how-
ever, the prevalence rates of overweight, obesity, and dia-
betes closely resemble those reported on ENSANUT 2019,
which argues in favor of the representativeness of the
population. In addition, as the objective of the present study
was to screen for MAFLD at a certain time in a random
sample of the general population, we could not retrieve
more crucial information such as laboratory and imaging
surrogates of fibrosis or follow-up of any outcomes.
Conclusion
The prevalence of MAFLD in our sample is 47%, and the

predicted national prevalence in Mexico is 49.7%. The
MAFLD-S score is an accessible tool for screening MAFLD in
the general population, showing a promising AUC (0.86) in
the generation and validation samples. Appropriate
screening for this disease using the proposed score could
improve prompt diagnosis and treatment. External valida-
tion of our results is needed.
Supplementary Materials
Material associated with this article can be found in the

online version at https://doi.org/10.1016/j.gastha.2021.12.
011.
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