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Abstract: Background: Non-alcoholic fatty liver disease (NAFLD) is considered the hepatic manifes-
tation of metabolic syndrome. Recently, the term metabolic dysfunction-associated fatty liver disease
(MAFLD) has been proposed and adapted to body mass index (BMI). This study describes the impact
on prevalence of the application of both criteria in overweight and lean patients. Methods: Patients
who were evaluated for liver steatosis by transient elastography were included and divided according
to BMI (≥25 kg/m2 and <25 kg/m2) and classified as NAFLD or MAFLD, according to metabolic
abnormalities. Differences in prevalence were evaluated applying both criteria. A multivariate
analysis was performed to evaluate independent associations of metabolic abnormalities and liver
steatosis in lean patients. Results: 3847 patients were included. In overweight patients (61%), the
prevalence NAFLD was 63.6% and 65.3% for MAFLD (p = 0.22). In contrast, the prevalence of MAFLD
was lower (7.9% vs. 18.3%, p ≤ 0.001) in lean patients. In this group, higher age, fasting glucose,
triglycerides, and waist circumference showed independent association with liver steatosis. Conclu-
sion: The application of NAFLD/MAFLD criteria did not show prevalence differences in overweight
patients. With MAFLD criteria, the prevalence is lower in lean patients, but patients with high risk of
progression of liver disease for steatosis were identified, according to their metabolic abnormalities.

Keywords: metabolic syndrome; body mass index; liver disease; NAFLD; MAFLD

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most common liver disease in West-
ern countries, with an estimated prevalence of 17–36% in adults. Differences are attributed
to age, ethnicity, sex, and diagnostic method. It is a slowly progressive disease considering
the hepatic manifestation of metabolic syndrome that could progress to steatohepatitis,
fibrosis, cirrhosis, and hepatocellular carcinoma. A high-calorie diet, excess of refined car-
bohydrates, sugar-sweetened beverages, and high fructose intake have all been associated
with NAFLD [1].

There are different hypotheses related to liver steatosis genesis. The most elucidated
are the mechanisms related to obesity, insulin resistance, triglycerides, and fatty acid
metabolism. The development of steatosis, as well as the progression to steatohepatitis
and fibrosis, represents a complex and dynamic process. The combination of risk factors,
host genetics, and gut microbiota can lead to an excessive influx of free fatty acids and
accumulation of triglycerides in the hepatocytes, creating a lipotoxic environment that leads
to liver inflammation, fibrosis, hepatocyte cell death, and pathological angiogenesis. The
subsequent inflammatory response promotes fibrogenesis in the liver and is an important
driving force for disease progression [2,3].
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Despite these mechanisms being important, it seems to be that these are mediated
by other more complex mechanisms, in which the gut–liver axis, bile acids metabolism,
gut microbiota, endogenous ethanol, and intestinal catabolism of fructose are involved.
Recently, several studies have been associated dysbiosis and loss of commensal bacterial
metabolic functions with NAFLD, indicating that there are different mechanisms by which
gut microbiota can contribute to NAFLD: intestinal inflammation, gut permeability dys-
function, energy intake and anaerobic fermentation, energy homeostasis, and bile acid
metabolism [4–7].

Nowadays, due to the lack of an effective pharmacological treatment, lifestyle modifica-
tions, including diet and physical activity, are the first-line treatment options for NAFLD [8].
The effect of different diets has been studied in NAFLD patients, but due to the biological
mechanisms of the Mediterranean diet, such as anti-inflammatory and antioxidant effects,
as well as lipid lowering effect and modulation of gut microbiota through short fatty acid
production, it has been proposed as an ideal diet for NAFLD patients [9,10].

In 2020, a panel of experts published a consensus statement to re-name NAFLD as
metabolic dysfunction-associated fatty liver disease (MAFLD). Traditionally, NAFLD was
considered the hepatic manifestation of metabolic syndrome; however, liver steatosis is rec-
ognized as a standalone disease characterized by a state of systemic metabolic dysfunction
with MAFLD criteria [11]. The new proposal highlights insulin resistance and metabolic
disorders as the major underlying causes of liver steatosis and allows to identify a group of
patients with higher cardiovascular risk and liver complications [12].

Although liver steatosis is associated with overweight and obesity, it also occurs in
lean subjects. The prevalence has been estimated in 3 to 7% in the general population; the
differences could be explained by geographical regions, genetic alterations, and cut-off
points of body mass index (BMI). These patients present similar a cardiovascular risk to
overweight patients; nonetheless, pathophysiology of liver steatosis in lean subjects has not
been elucidated, and factors such as diet, ethnicity, and gut microbiome have been proposed
as triggers [13]. In these patients, besides metabolic factors, other mechanisms have been
related to development NAFLD/MAFLD such as higher serum levels of secondary bile
acids and fibroblast growth factor-19, as well as impairments in gut microbiota profile [14].
Regarding the progression of liver disease in lean patients, a recent meta-analysis shows that
39% had steatohepatitis, 29.2% had fibrosis, and 3% presented cirrhosis with an incidence
of liver related mortality of 4.1 per 1000 persons per year [15]. The new proposed definition
includes lean patients, denominated lean MAFLD, in whom metabolic abnormalities are
taken into account for diagnosis, besides evidence of liver steatosis [11].

The new definition of MAFLD does not significantly change the prevalence compared
with NAFLD, but it seems to reduce the incidence by 25% [16]; little is known about the
epidemiologic changes among lean patients applying the MAFLD criteria and the differ-
ences in metabolic profiles. The aim of this study is to describe changes in prevalence and
metabolic profiles using both definitions for this disease in overweight and lean patients.

2. Materials and Methods
2.1. Patient Population

The population of this retrospective study was selected from a series of consecutive
patients who attended a check-up unit of Medica Sur Clinic & Foundation between 2019
and 2020. Inclusion criteria were Hispanic patients of both genders, older than 18 years old.
The exclusion criteria included alcohol intakes > 2 drinks per day in women and >3 drinks
per day in men, known liver disease, and current use of hepatotoxic medication. The
absence of any viral, genetic, autoimmune, and drug-induced liver disease was confirmed
by laboratory tests and medical history during the check-up. Anthropometric parameters
such as weight, height and waist circumference were collected, as well as fasting metabolic
biochemical parameters (glucose, HbA1c, triglycerides, total cholesterol, HDL cholesterol,
and C-reactive protein).
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2.2. Liver Steatosis Assessment

Liver steatosis was assessed by Controlled Attenuated Parameter (CAP) of transient
elastography (Fibroscan 502 Touch, Echosens, Paris, France), operated by a single and
experienced operator. Liver stiffness was also measured. Transient elastography was
conducted according to manufacturer’s recommendations, and patients had at least four
hours of fasting. The use of M or XL probe was selected according to BMI (>27 kg/m2).
The reliability of the studies was determined by IQR < 40 and 10 valid measurements.

The diagnosis and severity of steatosis were determined according to cut-off of CAP
proposed by Sirli et al. [17] as follows: non-steatosis < 263 dB/m; S1 263–282 dB/m;
S2 283–295 dB/m; and S3 > 296 dB/m. Significant fibrosis was defined by liver stiffness of
7–10 kPa, whereas advanced fibrosis was defined by >10 kPa.

2.3. NAFLD and MAFLD Definitions

Patients were divided into two groups according to BMI: ≥25 kg/m2 (overweight
and obesity) and <25 kg/m2 (lean). For overweight and obesity patients, NAFLD was
defined by evidence of liver steatosis by CAP (>263 dB/m) and MAFLD was defined by
evidence of steatosis by CAP (>263 dB/m). Patients with criteria of type two diabetes
mellitus (DM) (previous diagnosis, fasting glucose > 126 g/dL or HbA1c > 5.6%) were
included in MAFLD definition.

Lean NAFLD was defined by BMI < 25 kg/m2 and CAP > 263 dB/m. Lean MAFLD
was defined according to consensus criteria: BMI < 25 kg/m2, CAP > 263 dB/m, and
the presence of at least two metabolic risk abnormalities: elevation of blood pressure
SBP > 130 mmHg, DBP >85 mmHg, diagnosed arterial hypertension, impaired fasting
glucose (100–125 mg/dL), abnormal postprandial glucose (140–199 mg/dL), HbA1c be-
tween 5.7 and 6.4%, triglyceride levels > 150 mg/dL, HDL cholesterol < 40 mg/dL in
men, <50 mg/dL in women, patients undergoing treatment for dyslipidemia, abdominal
circumference > 102 cm in men, >88 cm in women, and plasma high-sensitivity C-reactive
protein levels > 2 mg/L [11].

2.4. Statistical Analysis

Continuous variables were described by mean and standard deviation, whereas cat-
egorical data were presented as numbers and percentages. Comparison of prevalence
in each definition and BMI cut-off were analyzed by Fisher’s exact test, and effect size
was evaluated by Cohen’s d/w test according to characteristics of variables. Multivariate
analysis by logistic regression included variables with a p value < 0.1 in the univariate
analysis. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for each
covariate, and a p value < 0.05 was accepted as significant. All statistical analysis were
performed using statistical SPSS/Mac version 26.0 software (SPSS, Chicago, IL, USA).

3. Results

Medical records for 4271 patients were collected. After applying selection criteria,
3847 patients were included, with 59.4% (n = 2287) males with a mean age of 50 ± 11 years
and BMI of 26.4 ± 4 kg/m2. The prevalence of DM was 6.2% (n = 240), liver steatosis
was diagnosed in 46% (n = 1769) majorly S3 25.5% (n = 982). Mean of liver stiffness
was 4.2 ± 1.5 kPa, and significant fibrosis was present in 0.9% (n = 33), and 0.6% (n = 23)
presented advanced fibrosis. The characteristics of all patients are presented in Table 1.

Overall, 2351 patients (61.1%) had BMI ≥ 25 kg/m2. In these patients, the prevalence
of DM was 9% (n = 211) and the mean of CAP was 281.4 ± 51.5 dB/m. Most patients
presented two metabolic abnormalities (24%, n = 580), where elevated waist circumference
(48.6%, n = 1142) and low HDL levels (44.6%, n = 1049) were the most common. Accord-
ing to NAFLD criteria, the prevalence of liver steatosis was 63.6% (n = 1495), and 59%
(n = 886) corresponded to S3. When MAFLD criteria was applied, the prevalence was 65.3%
(n = 1536) and S3 was determined in 57.7% (n = 886). There were no statistical differences
between steatosis stages in both criteria (Figure 1); the effect size by Cohen’s W was 0.013.
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The prevalence of significant and advanced fibrosis was similar in the two criteria (less
than 2%). The characteristics of each definition are presented in Table 2.

Table 1. Clinical and demographic characteristics of all patients (n = 3847).

Characteristic % (n)/µ ± SD

Male 59.4 (2287)
Age (years) 50±11
DM 6.2 (240)
HBP 13.5 (521)
BMI (kg/m2) 26.4 ± 4.0

BMI ≥ 25 kg/m2 61.1 (2351)
Glucose (g/dL) 94.7 ± 22.4
HbA1c (%) 5.4 ± 0.7
SBP (mmHg) 112.4 ± 11.15.2
DBP (mmHg) 73.4 ± 9.4
Triglycerides (mg/dL) 133.1 ± 85.3
HDL (mg/dL) 49.2 ± 16.4
CRP (mg/L) 2.6 ± 7.5
WC (cm) 92.3 ± 11.6
CAP (dB/m) 258 ± 56.5
Steatosis by CAP > 263 db/m 46 (1769)

S1 12.4 (478)
S2 7.3 (279)
S3 25.5 (982)

kPa 4.2 ± 1.5
Significant Fibrosis 7–10 kPa 0.9 (33)
Advanced fibrosis > 10 kPa 0.6 (23)

DM: diabetes mellitus; HBP: high blood pressure; BMI: body mass index; HbA1C: glycosylated hemoglobin; SBP:
systolic blood pressure; DBP: diastolic blood pressure; HDL: high density lipoprotein; CRP: C reactive protein;
WC: waist circumference; CAP: controlled attenuation parameter.
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Table 2. Differences in clinical and demographic characteristics of NAFLD and MAFLD criteria in
patients with BMI ≥ 25 kg/m2 (n = 2351).

Characteristic NAFLD (n = 1495)
% (n)/µ ± SD

MAFLD (n = 1536)
% (n)/µ ± SD p Effect Size (Cohen’s d/w)

Male 71.6 (1071) 71.4 (1097) 0.90 0.28 Small
Age (years) 50.8 ± 13.1 51.1 ± 13.1 0.52 −0.01 Null
DM 11.4 (170) 13.7 (211) 0.05 0.87 Large
HBP 20.7 (310) 21.5 (330) 0.62 0.78 Medium
BMI (kg/m2) 29.5 ± 3.5 29.5 ± 3.5 1.00 −0.70 Null
Glucose (g/dL) 100.2 ± 25.8 100.7 ± 26.3 0.59 −0.31 Null
HbA1c (%) 5.6 ± 0.9 5.6 ± 0.9 1.00 −0.28 Null
SBP (mmHg) 117.3 ± 15.8 117.4 ± 15.8 0.86 −0.27 Null
DBP (mmHg) 76.7 ± 9.3 76.6 ± 9.4 0.76 −0.37 Null
Triglycerides (mg/dL) 165.8 ± 99 165.2 ± 98.4 0.86 −0.37 Null
HDL (mg/dL) 44.3 ± 18 44.3 ± 17.9 1.00 0.22 Small
CRP (mg/L) 3.2 ± 5.9 3.3 ± 6.8 0.66 −0.10 Null
WC (cm) 100.7 ± 9.7 100.6 ± 9.7 0.77 −0.74 Null
CAP (dB/m) 311.7 ± 35.7 309.5 ± 38 0.10 −2.44 Null

S1 23.7 (355) 23.1 (355) 0.69 0.76 Medium
S2 15.5 (232) 15.1 (232) 0.76 0.84 Large
S3 59.3 (886) 57.7 (886) 0.39 0.41 Small

kPa 4.6 ± 1.9 4.6 ± 1.9 1.00 −0.23 Null
Significant fibrosis
7–10 kPa 1.6 (24) 1.6 (25) 1.00 0.98 Large

Advanced fibrosis
>10 kPa 1.3 (20) 1.4 (22) 0.87 0.98 Large

DM: diabetes mellitus; HBP: high blood pressure; BMI: body mass index; HbA1C: glycosylated hemoglobin; SBP:
systolic blood pressure; DBP: diastolic blood pressure; HDL: high density lipoprotein; CRP: C reactive protein;
WC: waist circumference; CAP: controlled attenuation parameter.

On the other hand, 1496 patients were lean (BMI < 25 kg/m2), and 54.5% (n = 814)
were female. The prevalence of DM in lean patients was 1.9% (n = 28), mean of CAP
was 222.8 ± 44.2 dB/m, and mean of age was 48.7 ± 10.2 years. In general, metabolic
parameters were normal; however, 32.5% (n = 490) of patients presented one metabolic
abnormality and the most common was low HDL levels (25.4%, n = 379). Significant
fibrosis was present in 0.3% (n = 5). Regarding lean NAFLD criteria, the prevalence was
18.3% (n = 273); meanwhile, according to lean MAFLD criteria, the prevalence was lower
(7.9%, n = 118), with the Cohen’s W test indicating a large effect size (0.87) in difference
of prevalence. In lean NAFLD criteria, 45% (n = 123) of patients had S1. According
to lean MAFLD criteria, S3 was higher, at 39.8% (n = 47) in these patients. However,
stages of steatosis did not show significant differences (Figure 1). Significant or advanced
fibrosis was not found in lean NAFLD and MAFLD patients. Since lean MAFLD criteria
includes metabolic abnormalities, we observed that serum lipids impairments were the
most common in 62.7% (n = 74) of the cases. The characteristics of each definition are
presented in Table 3.

In patients with BMI < 25 kg/m2 (lean), univariate and multivariate analyses were
performed to identify independent metabolic factors associated with steatosis. Age, bio-
chemical, and anthropometrical data were dichotomized according to percentile 75 and 25
for HDL levels. In univariate analysis, age, anthropometrical, and biochemical data, except
CRP, were associated to liver steatosis; in multivariate analysis, age higher than 54 years
(OR 1.4 CI95% 1.0–1.9), BMI higher than 24 kg/m2 (OR 1.6 CI95% 1.1–2.2), and waist
circumference >89 cm (OR 2.0 CI95% 1.4–2.8) showed an independent association with
the presence of steatosis. According to biochemical data, glucose (OR 1.8 CI95% 1.3–2.4),
triglycerides (OR 2.6 CI95% 1.9–3.5), and HDL cholesterol (OR 1.5 CI95% 1.1–2.0) showed a
significant independent association (Table 4).
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Table 3. Differences in clinical and demographic characteristics of NAFLD and MAFLD criteria in
patients with BMI < 25 kg/m2.

Characteristic
Lean NAFLD

(n= 273)
% (n)/µ ± SD

Lean MAFLD
(n = 118)

% (n)/µ ± SD
p Effect Size (Cohen’s d/w)

Male 56.8 (155) 52.5 (62) 0.44 0.92 Large
Age (years) 50.7 ± 9.9 52.7 ± 10.5 0.07 −0.06 Null
DM 4.8 (13) 10.2 (12) 0.06 0.99 Large
HBP 10.3 (28) 17.8 (21) 0.04 0.98 Large
BMI (kg/m2) 23.4 ± 1.8 23.3 ± 2.4 0.65 −0.69 Null
Glucose (g/dL) 94.2 ± 16.5 98.9 ± 22.2 0.02 −0.40 Null
HbA1c (%) 5.4 ± 0.6 5.5 ± 0.7 0.15 −0.39 Null
SBP (mmHg) 110.4 ± 14.1 114.3 ± 13.8 0.01 −0.31 Null
DBP (mmHg) 72.4 ± 9.2 74.7 ± 9.6 0.02 −0.36 Null
Triglycerides (mg/dL) 138.8 ± 81.1 184.2 ± 95.8 <0.0001 −0.37 Null
HDL (mg/dL) 48.1 ± 12.7 43.2 ± 12.6 0.0005 0.23 Small
CRP 2.8 ± 18.3 5.2 ± 27.7 0.31 −0.14 Null
WC (cm) 87.7 ± 7.0 88.7 ± 7.9 0.21 −0.75 Null
CAP (dB/m) 291.9 ± 26.5 296.3 ± 27.9 0.13 −2.24 Null

S1 45.1 (123) 37.3 (44) 0.18 0.94 Large
S2 17.2 (47) 21.2 (25) 0.39 0.97 Large
S3 34.8 (95) 39.8 (47) 0.36 0.95 Large

kPa 4.0 ± 0.8 4.1 ± 0.8 0.257 −0.25 Null
Glucose abnormalities 26.4 (72) 44.9 (53) 0.004 0.95 Large
HBP abnormalities 17.2 (47) 31.4 (37) 0.003 0.97 Large
Triglycerides > 150 32.6 (89) 62.7 (74) 0.0001 0.94 Large
HDL abnormalities 35.5 (97) 62.7 (74) 0.0001 0.94 Large
CRP > 2.0 23.8 (65) 44.9 (53) 0.0001 0.96 Large
WC abnormalities 10.3 (28) 18.6 (22) 0.03 0.98 Large

DM: diabetes mellitus; HBP: high blood pressure; BMI: body mass index; HbA1C: glycosylated hemoglobin; SBP:
systolic blood pressure; DBP: diastolic blood pressure; HDL: high density lipoprotein; CRP: C reactive protein;
WC: waist circumference; CAP: controlled attenuation parameter.

Table 4. Univariate and multivariate analysis for steatosis in patients with BMI < 25 kg/m2.

Characteristic Univariate Multivariate

OR (CI 95%) p OR (CI 95%) p

Age > 54 years 1.65 (1.24–2.20) 0.001 1.42 (1.02–1.97) 0.036
BMI > 24 kg/m2 2.54 (1.92–3.36) ≤0.0001 1.63 (1.19–2.24) 0.002
SBP > 117 mmHg 1.70 (1.27–2.27) ≤0.0001 1.04 (0.72–1.50) 0.801
DBP > 76 mmHg 1.79 (1.34–2.38) ≤0.0001 1.20 (0.84–1.71) 0.307
Fasting glucose > 94 mg/dL 2.58 (1.94–3.42) ≤0.0001 1.80 (1.30–2.48) ≤0.0001
Triglycerides > 124 mg/dL 3.77 (2.86–4.97) ≤0.0001 2.63 (1.94–3.58) ≤0.0001
HDL < 44 mg/dL 2.57 (1.95–3.37) ≤0.0001 1.52 (1.12–2.08) 0.007
CRP > 1.80 mg/dL 1.28 (0.95–1.73) 0.099 0.97 (0.70–1.34) 0.869
HbA1c > 5.5% 1.53 (1.13–2.08) 0.006 0.87 (0.61–1.25) 0.476
WC > 89 cm 3.45 (2.59–4.58) ≤0.0001 2.04 (1.47–2.83) ≤0.0001

BMI: body mass index; HbA1C: glycosylated hemoglobin; SBP: systolic blood pressure; DBP: diastolic blood
pressure; HDL: high density lipoprotein; CRP: C reactive protein; WC: waist circumference.

4. Discussion

The new MAFLD term not only involves a change of name but also a change in
disease definition, in which metabolic risk factors play an important role. As a result, some
patients who were previously diagnosed with NAFLD or lean NAFLD may not fulfil the
MAFLD or lean MAFLD criteria [12]. Due to the recent coinage of the term, the impact in
epidemiology is unknown. In this study, liver steatosis prevalence was higher than reported
worldwide. This is an expected result because our population is Latin-American, with
higher risk of liver steatosis related to genetic and obesity characteristics [18]. However,
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the prevalence in patients with BMI ≥ 25 kg/m2 did not show significant differences when
both terms were applied (63% vs. 65%). Therefore, the new criteria do not seem to modify
the inclusion of patients in this scenario. In a similar study, Lin et al. [19] also observed
that prevalence is similar in both definitions, however those patients classified as MAFLD
showed more metabolic comorbidities. In this study, liver steatosis was determinate by
abdominal ultrasound and serum markers, both methods with lower diagnostic accuracy
than CAP, and they did not evaluate the difference of prevalence in lean patients.

In contrast, when MAFLD criteria were applied in patients with normal BMI, preva-
lence changed, being higher in lean NAFLD (18.3%) than in lean MAFLD (7.9%). As for
grade of steatosis, differences were not shown in the distribution. This is probably related
to sample size. However, it is necessary to keep in mind that lean MAFLD patients have
metabolic abnormalities (majorly high triglycerides, glucose impairments, and low HDL)
and they are considered a high cardiovascular risk population, with a high predisposition to
liver disease progression. We found higher prevalence than a meta-analysis by Lu et al. [20],
which reported a 9.7% prevalence of liver steatosis applying NAFLD criteria. Once again,
this difference is expected since prevalence in our region has been reported up to 70%.
Similar differences in prevalence have been observed in lean NAFLD. However, previous
studies came from Asiatic and Caucasian populations with different cut-off points for BMI;
notwithstanding, younger age stands out in patients with liver steatosis and normal BMI.
Evaluation of liver steatosis patients in lean patients is one of the strengths of our study.
In results of univariate and multivariate analysis, we observed that metabolic alterations
have strong associations with liver steatosis. Despite other proposed pathophysiology
mechanisms, this group of patients should be considered as high risk, especially because
liver steatosis and metabolic screening are not routine in these patients.

In a recent study, Wong et al. [16] retrospectively applied both criteria in 992 patients
with steatosis, measured by proton-magnetic resonance spectroscopy. They did not observe
differences in prevalence, but MAFLD criteria had a lower impact in incidence: nearly 25%
of patients with liver steatosis but initially without MAFLD. This could be explained with
decreased metabolic abnormalities in patients without steatosis, excluding them from the
MAFLD criteria, even with increased liver fat. Although MAFLD criteria are not more
discriminatory than NAFLD, when identifying patients with significant liver disease, they
observed a statistical, but not clinically significant, increase of liver stiffness in patients
with MAFLD, but not with NAFLD. Similar to our results, they did not find significative
differences in liver stiffness in patients with BMI < 25 kg/m2. When patients were classified
with MAFLD criteria, Kim et al. [21] observed a higher risk of cardiovascular mortality (HR
1.17 95% CI 1.04–1.32) in a study with more than 7000 patients. These results emphasize
the importance of early detection of MAFLD patients.

Regarding lean patients, our results are similar to the study performed by
Cheng et al. [22], with a prevalence of 16.5% in 880 patients, taking into account that
the cut-off for BMI to define lean patients is lower and the prevalence is higher in the
female gender in that study. However, these results are consistent with previous evidence,
and, with our results insofar as patients with lean MAFLD are characterized by being
older, with high levels of triglycerides and waist circumference. In Cheng et al.’s study,
body composition was measured, finding that lean MAFLD patients have a different body
composition (lower fat mass and corporal water) independently of BMI. However, this
body composition pattern is not different from lean patients without liver steatosis. Body
composition analysis deserves special interest in order to identify its possible prognostic
implications with metabolic abnormalities in each patient.

In a post-hoc analysis, we identified that patients with BMI < 25 kg/m2 with metabolic
abnormalities showed a higher risk of NAFLD/MAFLD (OR 1.4 to 2.6, Table 4). This
result highlights that if NAFLD criteria is applied in these patients, 70% of lean patients
could have metabolic risks that could be overlooked, impacting the early detection and
progression of liver disease and/or metabolic syndrome, which have a direct relationship.
In multivariate analysis, we observed that the independent risk factors for liver steatosis
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in lean patients are age, triglycerides, HDL, and waist circumference. Cheng et al. [22]
observed similar results in 56 lean subjects; elder age was associated with lean MAFLD
and these patients showed higher waist circumference. In 2021, Alam et al. [13] confirmed
these associations in a meta-analysis of 22 studies in patients with BMI < 25 kg/m2.

The results of application of both new definitions, in a determined population, could
be evaluated based on size effects, which are not dependent on sample size. According
to our results, metabolic variables such as DM and HBP showed medium and large effect
sizes in both lean and overweight/obese patients. Specifically in lean patients, it seems
to be that new definition enables the detection of patients with higher metabolic abnor-
malities (biochemical, clinical, and anthropometric) that have been associated with higher
cardiovascular risk and liver disease progression (steatohepatitis and fibrosis), even in the
absence of overweight.

As far as we know, this is the first epidemiologic study in a Mexican/Latin-American
population with both criteria for liver steatosis that includes lean patients. We evaluated
liver steatosis and fibrosis by transient elastography which, along with spectroscopy, is con-
sidered one of the best diagnostic methods for evaluation of liver fat and fibrosis. Although
there is no formal consensus for cut-off points for CAP, we evaluated our patients with a
cut-off >263 dB/m, based on the best diagnostic accuracy for similar and homogeneous
population [17]. Homeostasis model assessment of insulin resistance score is one of the
metabolic abnormalities considered in lean MAFLD definition; unfortunately, this score
was not available for our patients. On the other hand, the population for this study was
selected in a check-up unit—this could represent a selection bias for the extrapolation of
results. Another limitation was that liver steatosis was not measured by biopsy, which is a
gold standard. However, transient elastography is considered an equivalent non-invasive
diagnostic method nowadays.

Even though the new criteria are not universally accepted yet, they could include
patients at a younger age and with higher metabolic and cardiovascular risks. This may
not have an impact on prevalence, but on the increase of incidence. A previous study [21]
showed that patients included in the new criteria presented significant fibrosis. The
new criteria could have a global impact in the long term, starting early therapies in this
population with a high risk of cardiovascular and hepatic mortality.

Evidence of new definitions is still uncertain. The studies are heterogeneous in order of
methodology, selection criteria, diagnostic methods, and outcomes. However, conclusions
are consistent with a better selection of metabolic unhealthy patients with MAFLD and
lean MAFLD criteria. These patients have more cardiovascular risk and a higher risk of
liver fibrosis and disease progression [23]. The prevalence of liver steatosis in Western and
specifically Latin-American populations is close to 60%, representing an important impact
on health systems over the next decade and highlighting early detection and treatment for
liver steatosis for all patients but also focused on those who could be underestimated.

In previous years, we have focused on liver steatosis and underestimated metabolic
comorbidities. MAFLD criteria could be an additional and strict diagnostic tool for the
early detection of high risk of metabolic and hepatic abnormalities in patients, with the
purpose of starting timely lifestyle and/or pharmacological therapies, thus avoiding the
progression of metabolic and liver diseases.

5. Conclusions

The application of NAFLD/MAFLD criteria did not show prevalence differences
in patients with BMI ≥ 25 kg/m2. With MAFLD criteria, prevalence is lower in lean
patients, but it identifies high risks of progression of liver disease from steatosis, according
to metabolic and anthropometric abnormalities.



Int. J. Environ. Res. Public Health 2022, 19, 12221 9 of 10

Author Contributions: Conceptualization, A.L.O.-V. and I.L.-M.; methodology, A.L.O.-V., E.J.-H.
and I.L.-M.; formal analysis, A.L.O.-V., E.J.-H., I.L.-M. and G.C.-N.; investigation, A.L.O.-V. and
J.M.Z.-V.; resources, G.C.-N., M.H.R.-O. and M.U.; data curation, J.M.Z.-V., A.L.O.-V. and E.J.-H.;
writing—original draft preparation, A.L.O.-V., E.J.-H. and I.L.-M.; writing—review and editing,
I.L.-M., G.C.-N. and M.U.; project administration, M.U. and M.H.R.-O. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of MEDICA SUR S.A.B. DE C.V (2022-EXT-699)
at 11 August 2022.

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Acknowledgments: The authors would like to thank to Gastroenterology and Obesity Unit. Medica
Sur Clinic & Foundation, for transient elastography results access.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Marchesini, G.; Day, C.P.; Dufour, J.F.; Canbay, A.; Nobili, V.; Ratziu, V.; Tilg, H.; Roden, M.; Gastaldelli, A.; Yki-Jarvinen, H.; et al.

EASL-EASD-EASO Clinical Practice Guidelines for the Management of Non-Alcoholic Fatty Liver Disease. J. Hepatol. 2016, 64,
1388–1402. [CrossRef] [PubMed]

2. Kaufmann, B.; Reca, A.; Wang, B.; Friess, H.; Feldstein, A.E.; Hartmann, D. Mechanisms of Nonalcoholic Fatty Liver Disease and
Implications for Surgery. Langenbeck’s Arch. Surg. 2021, 406, 1–17. [CrossRef] [PubMed]

3. Watt, M.J.; Miotto, P.M.; De Nardo, W.; Montgomery, M.K. The Liver as an Endocrine Organ—Linking NAFLD and Insulin
Resistance. Endocr. Rev. 2019, 40, 1367–1393. [CrossRef]

4. Chen, J.; Vitetta, L. Gut Microbiota Metabolites in NAFLD Pathogenesis and Therapeutic Implications. Int. J. Mol. Sci. 2020,
21, 5214. [CrossRef] [PubMed]

5. Lau, L.H.S.; Wong, S.H. Microbiota, Obesity and NAFLD. Adv. Exp. Med. Biol. 2018, 1061, 111–125.
6. Aron-Wisnewsky, J.; Clément, K. The Gut Microbiome, Diet, and Links to Cardiometabolic and Chronic Disorders. Nat. Rev.

Nephrol. 2015, 123, 169–181. [CrossRef]
7. Kuchay, M.S.; Choudhary, N.S.; Mishra, S.K. Pathophysiological Mechanisms Underlying MAFLD. Diabetes Metab. Syndr. Clin.

Res. Rev. 2020, 14, 1875–1887. [CrossRef]
8. Ganguli, S.; DeLeeuw, P.; Satapathy, S.K. A Review Of Current And Upcoming Treatment Modalities In Non-Alcoholic Fatty

Liver Disease And Non-Alcoholic Steatohepatitis. Hepat. Med. 2019, 11, 159–178. [CrossRef]
9. Anania, C.; Massimo Perla, F.; Olivero, F.; Pacifico, L.; Chiesa, C. Mediterranean Diet and Nonalcoholic Fatty Liver Disease. World

J. Gastroenterol. 2018, 24, 2083–2094. [CrossRef]
10. Torres, M.C.P.; Aghemo, A.; Lleo, A.; Bodini, G.; Furnari, M.; Marabotto, E.; Miele, L.; Giannini, E.G. Mediterranean Diet and

NAFLD: What We Know and Questions That Still Need to Be Answered. Nutrients 2019, 11, 2971. [CrossRef]
11. Eslam, M.; Newsome, P.N.; Sarin, S.K.; Anstee, Q.M.; Targher, G.; Romero-Gomez, M.; Zelber-Sagi, S.; Wai-Sun Wong, V.; Dufour,

J.F.; Schattenberg, J.M.; et al. A New Definition for Metabolic Dysfunction-Associated Fatty Liver Disease: An International
Expert Consensus Statement. J. Hepatol. 2020, 73, 202–209. [CrossRef]

12. Wong, V.W.S.; Lazarus, J.V. Prognosis of MAFLD vs. NAFLD and Implications for a Nomenclature Change. J. Hepatol. 2021, 75,
1267–1270. [CrossRef] [PubMed]

13. Alam, S.; Eslam, M.; SKM Hasan, N.; Anam, K.; Chowdhury, M.A.B.; Khan, M.A.S.; Hasan, M.J.; Mohamed, R. Risk Factors
of Nonalcoholic Fatty Liver Disease in Lean Body Mass Population: A Systematic Review and Meta-Analysis. J. Gastroenterol.
Hepatol. 2021, 5, 1236–1249. [CrossRef] [PubMed]

14. Chen, F.; Esmaili, S.; Rogers, G.B.; Bugianesi, E.; Petta, S.; Marchesini, G.; Bayoumi, A.; Metwally, M.; Azardaryany, M.K.; Coulter,
S.; et al. Lean NAFLD: A Distinct Entity Shaped by Differential Metabolic Adaptation. Hepatology 2020, 71, 1213–1227. [CrossRef]
[PubMed]

15. Ye, Q.; Zou, B.; Yeo, Y.H.; Li, J.; Huang, D.Q.; Wu, Y.; Yang, H.; Liu, C.; Kam, L.Y.; Tan, X.X.E.; et al. Global Prevalence, Incidence,
and Outcomes of Non-Obese or Lean Non-Alcoholic Fatty Liver Disease: A Systematic Review and Meta-Analysis. Lancet
Gastroenterol. Hepatol. 2020, 5, 739–752. [CrossRef]

16. Wong, V.W.S.; Wong, G.L.H.; Woo, J.; Abrigo, J.M.; Chan, C.K.M.; Shu, S.S.T.; Leung, J.K.Y.; Chim, A.M.L.; Kong, A.P.S.; Lui,
G.C.Y.; et al. Impact of the New Definition of Metabolic Associated Fatty Liver Disease on the Epidemiology of the Disease. Clin.
Gastroenterol. Hepatol. 2021, 19, 2161–2171. [CrossRef]

17. Sirli, R.; Sporea, I. Controlled Attenuation Parameter for Quantification of Steatosis: Which Cut-Offs to Use? Can. J. Gastroenterol.
Hepatol. 2021, 2021, 6662760. [CrossRef]

http://doi.org/10.1016/j.jhep.2016.11.002
http://www.ncbi.nlm.nih.gov/pubmed/27856217
http://doi.org/10.1007/s00423-020-01965-1
http://www.ncbi.nlm.nih.gov/pubmed/32833053
http://doi.org/10.1210/er.2019-00034
http://doi.org/10.3390/ijms21155214
http://www.ncbi.nlm.nih.gov/pubmed/32717871
http://doi.org/10.1038/nrneph.2015.191
http://doi.org/10.1016/j.dsx.2020.09.026
http://doi.org/10.2147/HMER.S188991
http://doi.org/10.3748/wjg.v24.i19.2083
http://doi.org/10.3390/nu11122971
http://doi.org/10.1016/j.jhep.2020.03.039
http://doi.org/10.1016/j.jhep.2021.08.020
http://www.ncbi.nlm.nih.gov/pubmed/34464658
http://doi.org/10.1002/jgh3.12658
http://www.ncbi.nlm.nih.gov/pubmed/34816009
http://doi.org/10.1002/hep.30908
http://www.ncbi.nlm.nih.gov/pubmed/31442319
http://doi.org/10.1016/S2468-1253(20)30077-7
http://doi.org/10.1016/j.cgh.2020.10.046
http://doi.org/10.1155/2021/6662760


Int. J. Environ. Res. Public Health 2022, 19, 12221 10 of 10

18. Chinchilla-López, P.; Ramírez-Pérez, O.; Cruz-Ramón, V.; Canizales-Quinteros, S.; Domínguez-López, A.; Ponciano-Rodríguez,
G.; Sánchez-Muñoz, F.; Méndez-Sánchez, N. More Evidence for the Genetic Susceptibility of Mexican Population to Nonalcoholic
Fatty Liver Disease through PNPLA3. Ann. Hepatol. 2018, 17, 250–255. [CrossRef]

19. Lin, S.; Huang, J.; Wang, M.; Kumar, R.; Liu, Y.; Liu, S.; Wu, Y.; Wang, X.; Zhu, Y. Comparison of MAFLD and NAFLD Diagnostic
Criteria in Real World. Liver Int. 2020, 40, 2082–2089. [CrossRef]

20. Lu, F.B.; Zheng, K.I.; Rios, R.S.; Targher, G.; Byrne, C.D.; Zheng, M.H. Global Epidemiology of Lean Non-Alcoholic Fatty Liver
Disease: A Systematic Review and Meta-Analysis. J. Gastroenterol. Hepatol. 2020, 35, 2041–2050. [CrossRef]

21. Kim, D.; Konyn, P.; Sandhu, K.K.; Dennis, B.B.; Cheung, A.C.; Ahmed, A. Metabolic Dysfunction-Associated Fatty Liver Disease
Is Associated with Increased All-Cause Mortality in the United States. J. Hepatol. 2021, 75, 1284–1291. [CrossRef] [PubMed]

22. Cheng, Y.M.; Kao, J.H.; Wang, C.C. The Metabolic Profiles and Body Composition of Lean Metabolic Associated Fatty Liver
Disease. Hepatol. Int. 2021, 15, 405–412. [CrossRef] [PubMed]

23. Fouad, Y.; Elwakil, R.; Elsahhar, M.; Said, E.; Bazeed, S.; Ali Gomaa, A.; Hashim, A.; Kamal, E.; Mehrez, M.; Attia, D. The
NAFLD-MAFLD Debate: Eminence vs. Evidence. Liver Int. 2021, 41, 255–260. [CrossRef] [PubMed]

http://doi.org/10.5604/01.3001.0010.8644
http://doi.org/10.1111/liv.14548
http://doi.org/10.1111/jgh.15156
http://doi.org/10.1016/j.jhep.2021.07.035
http://www.ncbi.nlm.nih.gov/pubmed/34380057
http://doi.org/10.1007/s12072-021-10147-0
http://www.ncbi.nlm.nih.gov/pubmed/33539004
http://doi.org/10.1111/liv.14739
http://www.ncbi.nlm.nih.gov/pubmed/33220154

	Introduction 
	Materials and Methods 
	Patient Population 
	Liver Steatosis Assessment 
	NAFLD and MAFLD Definitions 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

