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  Non-alcoholic fatty liver disease (NAFLD) affects almost a quarter of the world’s population and is the most 
common cause of chronic liver disease in children and adolescents. The recent proposal to replace the termi-
nology of NAFLD with metabolic-associated fatty liver disease (MAFLD) aims to reflect the pathophysiology and 
risk factors for this disease. Importantly, the risk factors for MAFLD may be prenatal, such as genetic factors, or 
postnatal, such as obesity and insulin resistance. MAFLD is increasingly recognized in children and adolescents. 
Early diagnosis and identification of high-risk individuals with type 2 diabetes mellitus and metabolic syndrome 
is important. The diagnosis and management of MAFLD in children and adolescents should follow international 
clinical guidelines, such as those from the American Diabetes Association (ADA) and the International Society 
for Pediatric and Adolescent Diabetes (ISPAD). Current guidelines recommend lifestyle and dietary modifica-
tions, exercise, screening, individualized patient assessment, and multidisciplinary patient management. This 
review assesses the revised terminology and discusses the epidemiology, risk factors, pathophysiology, diag-
nosis, and prevention of MAFLD in children and adolescents worldwide and in Mexico, and also considers the 
implications for public health.
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Background

Non-alcoholic fatty liver disease (NAFLD) affects almost a quar-
ter of the world’s population and is the most common cause 
of chronic liver disease (CLD) in children and adolescents [1]. 
The recent proposal to replace the terminology of NAFLD with 
metabolic-associated fatty liver disease (MAFLD) aims to re-
flect the pathophysiology and risk factors for this disease [2,3]. 
Importantly, the risk factors for MAFLD development in children 
and adolescents may be prenatal, such as genetic factors, or 
postnatal, such as obesity and insulin resistance (IR) [4]. Early 
diagnosis and identification of high-risk individuals with type 
2 diabetes mellitus (T2DM) and metabolic syndrome (MetS) 
is highly recommended [5,6].

The NAFLD diagnostic criteria traditionally includes evidence 
of hepatic steatosis by imaging techniques, blood biomark-
ers/scores, or liver histology, as well as the absence of signifi-
cant alcohol consumption or any other secondary cause of liver 
steatosis (eg, virus, drugs, autoimmune). Thus, MAFLD nomen-
clature has been developed to better describe the pathophys-
iology and risk factors involved in either the establishment or 
progression of disease. This amendment in terminology is in-
tended for raising awareness of MAFLD and of the dysmeta-
bolic/obesity epidemic, while positive criteria might reduce se-
lection bias in the achievement of positive results for targeted 
treatment of MAFLD [2]. This review assesses the revised ter-
minology and discusses the epidemiology, risk factors, patho-
physiology, diagnosis, and prevention of MAFLD in children 
and adolescents worldwide and in Mexico, and the considers 
implications for public health.

Epidemiology of MAFLD in Adults Worldwide 
and in Mexico

In adults, the global prevalence of MAFLD and steatohepatitis 
has been continuously increasing, from 15% and 33% in 2005, 
to 25% and 59.1% in 2010 [1]. As a continuum, MAFLD/steato-
hepatitis are considered the second most common indication 
for liver transplantation in the United States (US) only after 
chronic hepatitis C. The highest rates were reported in South 
America (31%), the Middle East (32%), Asia (27%), USA (24%), 
and Europe (23%), whereas the lowest rates were reported in 
Africa (14%) [7,8]. In the USA, the prevalence of MAFLD and 
steatohepatitis were 21-24.1% and 3-4% in the general pop-
ulation, and the prevalence of MAFLD and the risk of NASH 
associated with IR were higher in Hispanic Americans [9,10]. 
Moreover, when the prevalence of MAFLD in individuals of 
Hispanic origin was 29%, individuals from Mexican origin 
had a higher prevalence of MAFLD (33%) than individuals of 
Dominican (16%) or Puerto Rican origin (18%) [11]. The prev-
alence of MAFLD comorbidities such as MS and T2DM were 

the highest in the USA, Mexico, Puerto Rico, Costa Rica, Chile, 
Venezuela, and Guyana in a review including 356 reports from 
2000 to 2013 [12].

Epidemiology of MAFLD in Children and 
Adolescents Worldwide and in Mexico

MAFLD has become the most common cause of CLD in chil-
dren and adolescents, and patients with childhood-onset of 
MAFLD had higher risk of progressive disease [13-15]. Globally, 
the prevalence of MAFLD in children and adolescents has in-
creased from 19.34 million in 1990 to 29.49 million in 2017, 
representing an annual increase of 1.35% independent of sex, 
age, and region. However, the greatest increases were observed 
in North Africa and the Middle East [7]. Further, from 1990 to 
2019, the prevalence of MAFLD among obese or overweight 
children and adolescents was 31.6%, exceeding the global 
estimations (26.9%) [15], while in the USA, 24.2% of adoles-
cents had some degree of hepatic steatosis and 4.4% had sig-
nificant fibrosis. Body mass index (BMI), sex (men), ethnicity 
(Hispanic), and hypertension were worse with higher steatosis 
severity, while higher BMI and ethnicity (non-Hispanic Black) 
were associated with significant fibrosis [8]. Finally, in Latin-
American children and adolescents, the prevalence of obesity 
ranges from 9.5% to 20% [16], while 22.7-66.7% of individuals 
in this group had IR and 45-66.7% had MAFLD [17]. In Mexico, 
the prevalence of MAFLD was 12.6% in obese or overweight 
children from 5.5 to 12 years old in 2004 [18]. Up-to-date epi-
demiological information is needed and protocol design must 
follow the recommendations international authorities (eg, 
International Diabetes Federation [IDF]).

Risk	Factors	for	MAFLD:	Obesity,	Type	2	
Diabetes	Mellitus,	Metabolic	Syndrome,	and	
Genetics

Based on the best available evidence, assessing the risk of 
MAFLD in children and adolescents attending a medical ap-
pointment with general practitioners or pediatricians is high-
ly recommended, but local epidemiology must guide screening 
programs. A recent study assessing patients after a 31-year 
follow-up demonstrated that the most important risk factors 
for adult MAFLD were BMI, plasma insulin levels, male sex, ge-
netic background (eg, patatin-like phospholipase domain-con-
taining 3 [PNPLA3] and transmembrane 6 Superfamily Member 
2 [TM6SF2] variants), and low birth weight [19].

Environmental risk factors have been dichotomized into pre-
natal (those present before birth) and postnatal (those occur-
ring after birth) factors. Prenatal risk factors include mater-
nal obesity, MetS during pregnancy, gestational diabetes, and 
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low birth weight. In contrast, postnatal factors include obe-
sity, hyperinsulinemia, IR, and high dietary fructose/carbohy-
drate/fat consumption [4]. Importantly, maternal pre-pregnancy 
overweight/obesity was demonstrated to be a modifiable risk 
factor for pediatric MAFLD, while breastfeeding (³6 months) 
was associated with a reduced risk of MAFLD, steatohepati-
tis, and fibrosis [14]. In Mexico, 33.25% of pregnant women 
were overweight, and 25% were obese (including 90% and 
10% with obesity class 1-2 and class 3, respectively), and 33% 
had more than the recommended weight gain during pregnan-
cy [20]. Moreover, a national representative survey in Mexico 
in 2018 showed that the prevalence of exclusive breastfeed-
ing in children under 6 months was 28.3%, and only 29% con-
tinued breastfeeding after 2 years [21]. Thus, Mexican children 
and adolescents are considered a high-risk group due to the 
increased prevalence of prenatal and postnatal risk factors for 
MAFLD development and progression.

Obesity

Internationally, the obesity rate in children has tripled from 
1960 to in 2010 (5.0% vs 16.9%) [22], and more recently, in 
2015, more than 100 million of children and adolescents were 
obese [23]. In Latin-American children and adolescents, the 
prevalence of overweight and obesity was 16%, representing 
one of the highest rates globally [24]. In Mexico, the prevalence 
of obesity and overweight among children ages 5-11 years was 
35.5% in 2018 (3 920 010 children), and it has increased by 
8.6% from 1999 (26.9%) to 2018 (35.5%) [25]. Currently, there 
are no data about the prevalence of MAFLD in Latin-American 
children and adolescents, but we recommend assessment of 
risk of developing MAFLD in obese children in this region, 
therefore, the estimation of MAFLD prevalence might be con-
ducted based on the country’s prevalence of obesity (including 
high-risk populations such as Mexican, Brazilian, and Hispanic 
children and adolescents) [26-30]. Importantly, metabolic pa-
rameters were similar among obese and overweight Mexican 
children, and authors suggested that steatohepatitis should 
be considered as part of the MetS criteria [18].

Importantly, weight gain between the 7th and 13th years of life 
was related to severity of histological features of adult MAFLD, 
while the risk of cirrhosis in adulthood was increased by 16% 
per 1 unit gain in BMI z-score in the same period. Similarly, 
weight gain during late adolescence can increase the risk of 
developing adult MAFLD [31].

Although BMI might not be a perfect marker of body composi-
tion and body fat [32], in obese children aged 9-13 years with 
MAFLD, baseline and increased BMI z-score independently pre-
dicted incident hepatic steatosis, while a decrease in BMI z-
score independently predicted disease remission and improved 
transaminase level [33]. If available, bioelectrical impedance 

analysis or magnetic resonance imaging are accurate mea-
sures of body composition in obese youth [34]. Alternatively, 
waist circumference and waist-to-height ratios are suggested 
to be measured, as they have been demonstrated to be good 
parameters for adiposity and MAFLD estimation in children 
and adolescents [35].

Type	2	Diabetes	Mellitus

MAFLD and T2DM share several pathogenic risk factors such as 
increasing rates of obesity and overweight, unhealthy eating 
habits, and an increasingly sedentary lifestyle, as well as neg-
ative impacts on quality of life, healthcare costs, and produc-
tivity. In the USA, T2DM prevalence rates for children and ado-
lescents 10-19 years of age were 18/100 000 for non-Hispanic 
Whites, 46 for Hispanic Whites, 108 for African Americans, and 
145 for USA Navajo Indians [36]. In Mexican children 10-14 
years old, the incidence of T2DM was 2.9/100 000, while in 
adolescents 15-19 years old it was 7.69/100 000 adults [37].

It is recommended that T2DM be diagnosed in children and 
adolescents using the American Diabetes Association (ADA) 
criteria, while in the absence of symptoms, testing should 
be confirmed by repeating the test on a different day, and 
additional diabetes autoantibody testing should be consid-
ered (Table 1) [38]. Further, the presence of clinically relevant 
comorbidities should be assessed at the time of diagnosis, 
as early onset of microvascular and macrovascular complica-
tions can be detected earlier, especially in children [39]. The 
International Society for Pediatric and Adolescent Diabetes 
(ISPAD) recommends that pediatric patients with diabetes 
should be screened for MAFLD/steatohepatitis by measuring 
alanine aminotransferase (ALT) (22 U/L for girls and 26 U/L for 
boys) and aspartate aminotransferase (AST) at diagnosis, and 
annually thereafter. Referral to a gastroenterologist for CLD is 
recommended if liver enzymes remain elevated at >3 times 
the upper limit of normal despite weight loss and attainment 
of glycemic control [40].

Symptoms and/or hyperglycaemia

Symptoms of diabetes (polydipsia, polyuria, unexpleined 
weight loss) + Random plasma glucose >200 mg/dl

Fasting plasma glucose ³126 mg/dl

Oral glucose tolerance test (75 gr glucose challenge)

Altered HbA1c

Table 1.  Diagnostic criteria for Type 2 Diabetes Mellitus in 
children.

Adapted from American Diabetes Association’s diagnostic 
criteria recommendations [38]. HbA1c – hemoglobin A1c or 
glycated hemoglobin.
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Metabolic	Syndrome

Since 2001, MAFLD has been considered the liver manifestation 
of MetS [5]. Although IDF recommendations state that MetS 
should not be diagnosed in children under age 10 years and 
that adult criteria can be accurate for patients older than 16 
years, MetS diagnostic criteria in patients 10-16 years old in-
clude central obesity adjusted for age and sex plus at least 2 
altered metabolic parameters (Table 2) [41]. In the 3rd National 
Health and Nutrition Examination Survey (NHANES 1988-1994) 
in the USA, MetS was the primary driver of MAFLD among non-
Hispanic Black patients and Mexican Americans, while the 
Homeostatic Model Assessment for Insulin Resistance (HOMA-
IR) score was not a risk factor associated with steatohepati-
tis among Latino patients, but it was for non-Latino White pa-
tients with steatohepatitis [42]. In 2018, 59% of children and 
adolescents who had MAFLD also had IR [26]. The prevalence 
ratio for prediabetes in children and adolescents age 5-18 years 
(fasting glucose ³100 mg/dL) for those with obesity was 1.4 
and for those with MAFLD it was 26.1 relative to those with 
healthy weight [43]. Further, 80% of adolescents with biopsy-
proven MAFLD had biochemical evidence of IR [44].

Genetics

In obese children and adolescents, rs1260326, a single-nucleo-
tide polymorphism (SNP) in the glucokinase regulator (GCKR), 
was associated with elevated triglycerides, very low-density li-
poprotein, and fatty liver, and this latter association was par-
ticularly significant in Hispanics. The synergy between PNPLA3 
and GCKR SNPs increased the susceptibility to fatty liver in 
obese children and adolescents [45]. In adolescents, SNPs 

rs738409 in PNPLA3 (additionally associated with severity of 
disease [46]), rs1044498 in ENPP1, and rs780094 in GCKR were 
strongly associated with MAFLD compared with adult controls. 
It was shown that patients with rs1260326/rs780094 minor al-
leles had decreased levels of GCKR protein, while rs738409 G/G 
carriers showed downregulation of the retinol pathway [47]. 
In Asian Indian adolescents with overweight/obesity, the poly-
morphisms rs738409 C >G of PNPLA3 and 455 T >C of APOC3 
were associated with MAFLD and obesity [48].

Additionally, the I148M protein variant of PNPLA3 programs 
the amount of fat in liver cells, increases the risk MAFLD de-
velopment by >50%, and elevates liver damage indexes in 
Hispanics [49,50]. This variant was significantly associated 
with elevated ALT levels, decreased HDL cholesterol levels, and 
lower BMI z-core, and the association with high ALT levels was 
more significant for lean MAFLD Mexican children, although 
overweight or obese children were more likely to have higher 
ALT levels [51]. Furthermore, I148M variant was inversely as-
sociated with estimated glomerular filtration rate in children 
when MAFLD was histologically confirmed [52].

Contrary to observations in adults, the rs641738C >T near 
Membrane-Bound O-Acyltransferase Domain-Containing 7 
(MBOAT7) genetic variant was neither associated with hepat-
ic steatosis after BMI stratification nor with the presence of 
steatohepatitis or the stage of liver fibrosis in children with 
biopsy-proven NAFLD [53,54].

Circulating microRNAs are promising diagnostic biomarkers 
of obesity-associated diseases in childhood, as it was showed 
that 4 miRNAs were overexpressed in obesity and 2 miRNAs 
(miR-122 and miR-34a) were overexpressed in children with 
obesity, MAFLD, and/or IR [55].

Interestingly, obese youth with MAFLD had decreased bac-
terial alpha-diversity and lower abundance of Bacteroidetes, 
Prevotella, Gemmiger, and Oscillospira but have a higher 
Firmicutes-to-Bacteroidetes (F/B) ratio. Further, F/B ratio, 
Bacteroidetes, Gemmiger, and Oscillospira were associated with 
increased hepatic fat content in this population. Additive effects 
were observed for the interactions of the PNPLA3 rs738409 
with Gemmiger and Oscillospira [56].

Pathophysiology of MAFLD in Children and 
Adolescents

The pathogenesis of MAFLD is not yet fully understood, but li-
potoxicity (a consequence of excessive dietary intake of carbo-
hydrates and fatty acids [FA]) is projected to be one of the main 
triggers in a multiple-hit model for liver damage in the different 
stages of MAFLD spectrum of disease. The overconsumption of 

Central obesity: waist circumference >90th percentile 
adjusted for age and gender

Plus at least 2 of the following

Systolic blood pressure >130 mmHg or >90th percentile 
adjusted for age and gender)

Diastolic blood pressure >85 mmHg (or >90th percentile 
adjusted for age and gender)

Treatment with antihypertensive medication

Triglyceride’s level higher than 150 mg/dl

HDL cholesterol lower than 40 mg/dL

Fasting plasma glucose >100 mg/dL

Known T2DM

Table 2. Diagnostic criteria for Metabolic Syndrome in children.

Adapted from International Diabetes Federation’s diagnostic 
criteria recommendations [41]. HDL – high density level 
cholesterol; T2DM – Type 2 Diabetes Mellitus.
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these nutrients causes an increase in visceral adipose tissue 
and in the rate of mobilization of FA toward the liver, along with 
increased release of proinflammatory cytokines (IL-6, TNF-a, 
CPR) and decreased release of adiponectin. Therefore, IR is pre-
sented at both hepatic and systemic levels [57]. Particularly in 
the liver, altered lipid metabolism carries increased de novo li-
pogenesis and transformation of FA into free FA; these later 
condense in the form of triglyceride droplets and are stored in 
the liver. High levels of FA lead to over-stimulation of FA ox-
idation and ROS generation pathways, and in consequence, 
increased effects of oxidative stress on mitochondria and en-
doplasmic reticulum physiology. Thus, lipotoxicity triggers the 
activation of proinflammatory pathways, causing steatohepa-
titis. In response to all these stimuli, the hepatocytes will be-
gin to activate repair mechanisms, which results in hepatic fi-
brosis [58]. Once developed, MAFLD in childhood is associated 
with metabolic and circulatory outcomes, whereas CLD is as-
sociated with increased morbidity and mortality rates in ado-
lescents and young adults [13]. Thus, there is an urgent need 
for qualitative and quantitative understanding of the lipotox-
icity and crosstalk in the liver and adipose tissue on the mo-
lecular level. Further, clinical implications and degree of impact 
of the different hits (such as lipotoxicity) in all MAFLD pheno-
types, including in children and adolescents, may help prevent 
and treat progressive disease [59]. Finally, it is important to 
uncover the pathways underlying the known histological dif-
ferences among children, adolescents, and adults with MAFLD.

Diagnosis of MAFLD in Children and 
Adolescents

Despite new MAFLD positive diagnostic criteria in adults aimed 
to raise disease’s awareness among Mexican physicians and 
specialists [60], the impact of nomenclature for MAFLD in chil-
dren and adolescents has not been explored. Recently, an inter-
national panel of experts proposed MAFLD diagnostic criteria 
for pediatric patients [61]. These criteria included histological, 
imaging (ultrasound), or blood biomarker (eg, ALT) evidence of 
steatosis, accompanied either by excess adiposity, presence 
of prediabetes or type 2 diabetes, or evidence of metabolic 
dysregulation. The latter is defined by 2 or more altered re-
sults on standardized biometric parameters for age and sex 
(including waist circumference, blood pressure, triglycerides, 
high-density lipoprotein cholesterol levels, fasting glucose, and 
triglyceride-to-HDL cholesterol ratio), but the cutoff varied ac-
cording to ethnicity and genetic factors [61]. Research defining 
the cause and magnitude of the differences found in the bio-
metric parameter cutoffs according to ethnicity, sex, age and 
genetic background is urgently needed for the enhancement 
of screening and diagnostic strategies in children and adoles-
cents with MAFLD. In this review, diagnostic pearls in pediat-
ric MAFLD are included in (Table 3).

Although 50% of overweighted and obese children and ado-
lescents also had MAFLD with different components of MetS 
as comorbid conditions [26], 35% of young patients with fibro-
sis had normal weight and 78% had normal levels of ALT [8]. 
Thus, follow-up assessment must be individualized according 
to the stage of disease.

The prevalence of MAFLD in children and adolescents was 
higher in studies using ultrasound (27.2%) or fatty liver index 
(30.1%) than in those using liver biochemical tests (19.1%) [15], 
while diagnosis based only on blood testing or ICD coding can 
lead to under-reporting [9]. However, among non-invasive meth-
ods (including blood-based biomarker, prediction score, and 
imaging technique) for staging liver fibrosis in children with 
MAFLD, transient elastography by FibroScan, Enhanced Liver 
Fibrosis test, and ultrasound elastography showed consistent 
accuracy compared with liver biopsy diagnosis, but due to het-
erogeneity in studies this evidence was not conclusive [63].

In MAFLD, the differences between children and adults on 
histological features are: 1) adult’s steatosis preferentially af-
fects zone 3, or it may be panacinar, whereas children’s ste-
atosis affects zones 1 and 3; 2) severity of steatosis trends to 
be higher (moderate-severe) in children, but tends to be mild 
or moderate in adults; 3) adult patients usually have lobular 
inflammation, but children usually have portal inflammation; 
4) fibrosis in adult patients has been traditionally described 
as pericellular with strands of collagen surrounding damaged 
hepatocytes (sometimes called “chicken wire”), and as portal-
periportal in children [64].

Although 5-10% of adults with MAFLD are at high risk for de-
veloping cirrhosis, only 1-2% of children with MAFLD have in-
creased risk [64]. Nevertheless, adults, children, and adolescents 
with MAFLD have been associated with increased cardiovascular 
disease (CVD) risk and subclinical atherosclerosis [65] that has 
been detected using ultrasound vascular markers [64]. Of note, 
children and adolescents with MAFLD/steatohepatitis had lower 
whole-body or lumbar bone mass density z-scores independent of 
age, sex, race/ethnicity, and BMI than those without MAFLD [66].

Apply MAFLD criteria

Search for comorbidities

Consider metabolic syndrome

Do not use blood biomarkers or ICD alone

Perform transient elastography 

Confirm the diagnosis with liver biopsy

Table 3. MAFLD diagnostic pearls.

ICD – International Classification of Diseases coding; 
MAFLD – Metabolic Associated Fatty Liver Disease.
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PHASE I

PHASE II

PHASE III

PROMOTE

Exercise
Healthy eating

Education

WARNING

Disease
Complications

Risks

Family background
High risk ethnic origin

High prevalance population
Genetic background?

Lean/Overweight/ObeseMAFLD
T2DM&MAFLD
MetS&MAFLD

Dual etiology MAFLD

Obesity
Metabolic Syndrome

Type 2 Diabetes Mellitius
Hypertension

Chronic KIdney Disease

Overweight/obesity.
Type 2 diabetes mellitus.
Metabolic dysregulation

(2 metabolic risk
abdnormalities)

Histological, imaging or blood biomarker evidence of
Hepatic Steastosis

+
Overweight/obesity.

Type 2 diabetes mellitus.
Metabolic dysregulation:

2 metabolic risk abnormalities

Nutritional, physical and psychological evaluation and education
Adequacy of the diet, physical activity and psychological care for

individual objectives
Weight loss and Supervised exercise

Family support
Psycholgical support therapies

Use of probiotics

Design research protocols
for diagnosis and treatment
for better assessing of each

particular MAFLD
subgroup of patients

Target comorbidity
Medication and

specializedprogramms:
Insulinic and non-insulinic

hipoglycaemia agents, weight
loss medication, statins, etc

Multidisciplinary assessment

ChiId or adolescent attending a medical checkup at a primary care center

Individual risk for MAFLD

MAFLD screening and diagnosis tests

Identify MAFLD phenotype and comorbidity

Treatment for MAFLD and comorbidities

HIGH

Figure 1.  Metabolic-associated fatty liver disease in children and adolescents: risk, diagnosis, and holistic treatment assessment 
model. Phase I in this context: it is highly recommended that first-contact clinicians or pediatricians caring for children and 
adolescents in the community assess the individual risk of metabolic-associated fatty liver disease (MAFLD) and highlight 
activities that help to prevent it. Phase II: if the individual risk for each child/adolescent patient is high (multiple risk 
factors), referral to a specialist in pediatric hepatology, gastroenterology, or endocrinology, as well as MAFLD screening and 
diagnostic tests, should not be delayed. Further, if a MAFLD diagnosis is made, MAFLD phenotype and comorbidities must 
be assessed. Phase III: in this stage, after MAFLD initial assessment, non-pharmacological therapies (nutritional, physical, 
and psychological approaches) should be introduced based on individual objectives for weight loss and physical activity. 
If medications are indicated by the severity of liver disease (MAFLD) or comorbidity (eg, obesity, type II diabetes mellitus, 
hypertension, and chronic kidney disease), specialized programs with multidisciplinary assessment groups are encouraged.
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Importantly, children under age 10 years with hepatic steato-
sis have a high prevalence of secondary causes (eg, glycogen 
storage disease, hepatitis C virus), and these must be consid-
ered in patients without traditional risk factors [67]. Further, 
the dentification of associated risk factors such as obstructive 
sleep apnea [68] and thyroid function [69] is recommended in 
children with high risk of or confirmed MAFLD.

Finally, children and adolescents with MAFLD commonly pre-
sented neuropsychiatric symptoms and poor quality of life, with 
no correlation with the degree of hepatic damage. Mentally 
and intellectually impaired youth appear to have a greater risk 
for developing MAFLD [70]. In response, a holistic approach 
of obese children and adolescents should include family sup-
port and guided behavior modification, as they may be effec-
tive methods of reducing BMI [71].

In this review we have proposed a “MAFLD in children and ad-
olescents: risk, diagnosis, and holistic treatment assessment 
model” composed of 3 phases: individual risk assessment, 
screening and initial diagnosis, and initial treatment and re-
ferral (Figure 1).

Prevention of MAFLD in Children and 
Adolescents

Prevention and treatment of MAFLD based on multidisciplinary 
assessment and management is recommended. The interven-
tions in patient’s behavior by establishing realistic individu-
al objectives might interfere with the perpetuation of the ob-
served effects in the adult population. The comprehensive 
approach to high risk is recommended in all practice settings 
(including first-contact physicians or pediatricians, metabo-
lism-specialized clinics, and pediatric liver units), with weight 
loss management and calculation of appropriate energy in-
take for age, sex, and activity as the first step in MAFLD pre-
vention and care (Table 4). Further guidance by a registered 
dietitian is recommended. Non-pharmacological lifestyle in-
terventions were associated with significantly improved lev-
els of BMI, ALT, and AST, and steatosis risk (the latter by 61%) 
in children and adolescents [72].

The recommended diet to reduce hepatic steatosis is low in 
simple carbohydrates (sweets and added sugars), with com-
plete elimination of all fructose and sugar-sweetened bever-
ages, and other similar components of a Western diet for 8 
weeks [73]. Additionally, the implementation of w-3 polyun-
saturated FA in the diet of children and adolescents aimed to 
reduce AST levels in the first 6 months, and ALT levels at 12 
months. These nutrients aim to increase the recovery rate of 
hepatic steatosis by 25% [74]. Thus, nutritional and pharma-
cological research must assess the importance of maintaining 

adequate gut-liver axis health in the holistic approach of chil-
dren and adolescents with MAFLD.

Importantly, supervised exercise training performed by chil-
dren and adolescents significantly reduced hepatic fat content 
and the risk and prevalence of MAFLD. Aerobic and resistance 
training are recommended at vigorous or moderate-to-vigor-
ous intensities, with ³60 min/session and a frequency of ³3 
sessions/week [75].

Follow-up assessment of children must be within 6 months of 
treatment initiation. If triglycerides are at normal levels in the 
follow-up laboratory test, diet and activity recommendations 
should be continued and reassessment should be programmed 
annually. In contrast, if TGs are altered (>100-130 mg/dL but 
<200 mg/d in children 10-19 years old), professionals should 
intensify diet counseling and physical activity, and perform 
assessment every 6 months. Further, if TG are >200 mg/dL 
but <500 mg/dL and lifestyle recommendations have been 
attempted with no weight loss, consider referral to an inten-
sive weight loss program, or start pharmacological treatment 
(including statins, metformin, and insulin alone or in combi-
nation [40] if 2 additional CVD risk factors are present [76]. 
Benefits may be achieved from bariatric surgery in advanced 
steatohepatitis in noncompliant adolescents with moderate/
severe obesity and comorbidities [77].

Conclusions

This review has highlighted the epidemiology, risk factors, 
pathophysiology, diagnosis, and prevention of MAFLD in chil-
dren and adolescents worldwide and in Mexico. The prevalence 
of MAFLD in children and adolescents has been increasing and 
is now the most common form of CLD in this age group. This 
review has also highlighted the importance of screening chil-
dren and adolescents for the known risk factors of obesity, 
T2DM, and MetS [36,38,40]. Evidence-based clinical diagnostic 

Education

Adequacy of the diet according to the basal metabolic rate

Supervised exercise

A diet low in free sugar

Use of probiotics

Weight loss

Family support

Psychological support therapies

Table 4. MAFLD treatment pearls.
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and management guidelines and disease prevention guide-
lines are required for children and adolescents with MAFLD. 
Further epidemiological studies from all countries and regions 
and randomized controlled clinical trials should be undertak-
en. International organizations, such as the ADA and ISPAD, 
will have an important role in coordinating and supporting fu-
ture clinical studies.
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