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for MAFLD in adolescents and
young adults from 1990 to 2021
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Metabolic-dysfunction associated fatty liver disease (MAFLD) is a widespread chronic liver condition
that has been steadily increasing among adolescents and young adults in recent years, posing a major
global public health concern. This study aims to conduct an in-depth analysis of the Global Burden

of Disease (GBD) 2021 data on MAFLD, focusing on prevalence, incidence, and disability-adjusted

life years (DALY) for individuals aged 15-39, spanning the period from 1990 to 2021. This research
examines data from the GBD study covering 1990 to 2021 to assess the prevalence, incidence, and
DALYs associated with of MAFLD in adolescents and young adults aged 15-39. The analysis is broken
down by socioeconomic status, geographic regions, and specific countries. Advanced statistical
methods, including the estimated annual percentage change (EAPC) and Bayesian age-period-cohort
(BAPC) modeling, were used to deliver the most current and thorough epidemiological assessment of
MAFLD in this demographic. In 2021, the estimated global cases of non-alcoholic fatty liver disease
among adolescents and young adults reached approximately 423 million, representing a 75.31%
increase from 1990. The age-standardized prevalence rate (ASPR) was 14,221.32 cases per 100,000
population, and the age-standardized incidence rate (ASIR) was 977.61 cases per 100,000 population
in 2021. Between 1990 and 2021, the ASPR, ASIR, age-standardized DALY rate, and age-standardized
mortality rate showed a continuous upward trend, with EAPC of 0.84, 0.79, 0.65, and 0.81,
respectively. Regions with Middle and Low-middle Socio-Demographic Index (SDI), as well as High-
middle SDI, emerged as “hotspots” for MAFLD prevalence, particularly in North Africa, the Middle
East, East Asia, and South Asia. Males exhibited higher prevalence rates compared to females, and the
rates continued to increase across all adolescents and young adult age groups. By 2050, the ASPR for
MAFLD among this population is projected to reach 16,101 cases per 100,000, signaling an alarming
trend. Over the last 30 years, the burden of metabolic-dysfunction associated fatty liver disease has
significantly increased among adolescents and young adults worldwide. To counter this rising global
health concern, it is crucial to develop and implement targeted and effective interventions tailored to
socio-economic settings.
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Metabolic-dysfunction associated fatty liver disease is a common chronic liver disorder characterized by the
excessive accumulation of fat in the liver, unrelated to significant alcohol intake. Recently, the term Non-Alcoholic
Fatty Liver Disease (NAFLD) has been redefined as Metabolic-Dysfunction Associated Fatty Liver Disease
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(MAFLD) to better reflect its underlying pathophysiological mechanisms and to establish a more inclusive
diagnostic criterial. Since this disease was first coned in 1987, its global prevalence has surged dramatically, now
affecting approximately 25% of the adult population worldwide*?. The increasing incidence of MAFLD among
adolescents and young adults, largely driven by the global obesity epidemic, has become a major public health
concern.

Metabolic-dysfunction associated fatty liver disease, particularly its subtype non-alcoholic steatohepatitis
(NASH), can progress to advanced liver disease, cirrhosis, and hepatocellular carcinoma (HCC)®. Studies show
that approximately 20% of individuals with MAFLD will develop NASH, and of those with NASH, about 30% may
further progress to liver fibrosis. Fibrosis involves the gradual hardening and loss of liver function, potentially
leading to cirrhosis, which significantly raises the risk of HCC*®. As a result, MAFLD is projected to become
a leading cause of liver-related morbidity, mortality, and transplantation’~". Recent research has revealed that
MAFLD extends beyond liver function, emerging as a multisystem disease that impacts multiple organ systems
and a variety of regulatory mechanisms. For instance, MAFLD is linked to an increased likelihood of developing
cardiovascular disease (CVD), heart issues, and chronic kidney disease (CKD)'™. It is also closely linked with
metabolic disorders such as obesity, type 2 diabetes mellitus (T2DM), dyslipidemia, and hypertension!’.

MAFLD is often considered a “silent” disease, as it typically presents with few or no symptoms. Consequently,
its true prevalence is likely significantly underestimated, as limited biochemical and imaging tests is performed in
large populations'2. The rising prevalence of MAFLD among adolescents and young adults is driven by unhealthy
lifestyle factors, including physical inactivity, poor dietary habits, and the consumption of high-fat, high-sugar
foods. In this age group, MAFLD often manifests with subtle early symptoms, significant metabolic risk factors,
and a prolonged disease course, all contributing to long-term health risks. To gain a deeper understanding of the
epidemiology and public health impact of MAFLD in this population, and to examine variations in prevalence
and risk factors across regions and demographic groups, a systematic analysis of global disease burden data is
necessary.

Although past research has investigated MAFLD epidemiology at global and regional levels'>~!°, including
some focused on adolescents'’, there is still a lack of comprehensive epidemiological analyses specifically
targeting the adolescent population. Additionally, in the post-pandemic era, the long-term health effects of
COVID-19 are becoming increasingly significant, with MAFLD emerging as one such concern'®. Our analysis
utilizes the latest data from the 2021 Global Burden of Disease (GBD) database to comprehensively examine the
possible effects of the COVID-19 pandemic on MAFLD rates—an area that prior studies, based on pre-2020
data, could not fully address. Using GBD 2021 data, our study seeks to offer the latest and most comprehensive
epidemiological insights into MAFLD among adolescents and young adults. We applied advanced statistical
techniques, such as EAPC and BAPC projections, to assess trends over time, explore population characteristics
and variations, evaluate associated risk factors, and make future predictions. By integrating this data, we gained
insights into how global health crises impact MAFLD prevalence in young populations, thereby providing
essential information for developing effective prevention and intervention strategies to mitigate MAFLD’s effect
on global health.

13-16

Methods

Data acquisition and sources

In this study, data on MAFLD among youths and young adults were sourced from the Global Burden of Disease
(GBD) 2021 dataset, which provides a comprehensive assessment of health loss for 371 diseases across 204
countries and territories, encompassing metrics such as prevalence, disease severity, and mortality'?. Specifically,
data on Total burden related to MAFLD were extracted, including prevalence, incidence, and disability-adjusted
life years (DALYs). Our research targets youths and young adults, with the age range of 15-39 years chosen as the
population for analysis. The data were accessed and downloaded via the Global Health Data Exchange (GHDx)
platform (http://ghdx.healthdata.org/gbd-results-tool). GHDx is the world’s most comprehensive catalog of
surveys, censuses, vital statistics, and other health-related data. For gathering the data utilized in the models, the
GBD conducts thorough reviews, takes advantage of spontaneous searches, and integrates information supplied
by national collaborators and the WHO. Data seeking is iterative and ongoing in process in order to identify
new sources®’. Moreover, SDI data were used to evaluate the influence of socioeconomic factors on disease
burden. Countries and territories were grouped into five SDI strata in the GBD 2021, ranging from low to high
development.

Disease definition

To address issues with the former nonalcoholic fatty liver disease (NAFLD) term, APASL was the first society
to endorse the MAFLD definition?!. The definition of MAFLD requires (1) evidence of hepatic steatosis (HS),
confirmed through imaging or histology, and (2) the absence of secondary causes of hepatic fat accumulation,
such as significant alcohol consumption, long-term use of steatogenic medications, or monogenic hereditary
disorders®. In the ICD-9 classification, MAFLD does not have a distinct code and is generally categorized under
571.8 (Other specified chronic liver disease). However, in ICD-10, MAFLD is coded under K75.8 (Other specified
inflammatory liver diseases) and K76.0 (Fatty liver, not elsewhere classified). The GBD categorizes causative
factors into four tiers, starting from the most general (Level 1) and narrowing down to the most specific ((Level
1).The total burden related to MAFLD is categorized under the most detailed cause level.

Statistical analysis

We carried out a descriptive study to examine metabolic-dysfunction associated fatty liver disease variations
by gender, age brackets (spanning 5-year intervals: 15-19, 20-24, 25-29, 30-34, and 35-39 years), and the
Sociodemographic Index(SDI), which was divided into five categories. To examine the global distribution and
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regional variations in the burden of MAFLD, we created global maps and performed regional comparative
analyses. Age-standardized rates(ASR) were calculated using the world standard population defined for the
GBD study. All GBD estimates for disease burden are presented with 95% uncertainty intervals (Uls), which
represent the range within which the true value of a parameter is expected to fall with 95% probability. These
Uls not only capture variability in parameter estimation but also address uncertainties stemming from data
collection, model selection, and other factors related to the estimation processzz.

To analyze long-term trends in the ASR of MAFLD prevalence, incidence, and disability-adjusted life years
(DALYs), we also applied the Estimated Annual Percentage Change (EAPC) method. The EAPC is a widely used
metric for quantifying temporal trends in disease burden across various populations. It is derived from fitting a
linear regression model to the natural logarithm of ASR over time. The model is expressed as:

In (ASR (t)) = a+ (Bt + e,

where t represents the calendar year, « is the intercept representing the baseline ASR at the starting year, and
B is the slope coefficient indicating the annual change in log-transformed ASR. The EAPC was then calculated
using the following formula:

EAPC = (¢’ — 1) x 100% ,

reflecting the estimated annual percentage change in ASR over the study period®. We evaluated long-term
trends using the EAPC and its 95% confidence interval (CI), where a positive EAPC indicates an increasing
trend in ASR, while a negative EAPC signifies a decreasing trend.

The choice of EAPC is based on its robustness in providing a straightforward interpretation of temporal
trends and its compatibility with the GBD framework. EAPC has been extensively applied in previous studies
assessing time trends in various diseases?%>. Its simplicity in interpretation and compatibility with ASR-based
disease burden estimation make it a preferred method for longitudinal analysis.

We further employed the Bayesian Age-Period-Cohort (BAPC) model to improve trend estimation reliability
and capture nonlinear trends. BAPC offers a flexible framework for incorporating age, period, and cohort effects,
enhancing precision through shrinkage estimation and providing probabilistic predictions of future trends.
This approach is especially beneficial for handling sparse data and making long-term projections compared to
conventional regression methods. Recent studies have demonstrated the advantages of BAPC in providing more
stable and reliable future projections, including its applications in estimating cancer burden from particulate
matter pollution and forecasting infectious disease trends®*?”.

All statistical computations and visual representations were carried out using R Studio software (version
4.2.1), employing the BAPC (version 0.0.36), INLA (version 24.05.011), and ggplot2 (version 3.4.2) packages. In
each analysis, a two-tailed p-value under 0.05 was deemed indicative of statistical significance.

Risk factors

The risk factor analysis conducted in GBD 2021 utilized a methodology grounded in the comparative risk
assessment framework, which is based on a causal network of hierarchically structured, potentially interactive,
and modifiable risk factors. For each risk-outcome pair, the relative risk (RR) as a function of exposure, the
summary exposure value (SEV), and the theoretical minimum risk exposure level (TMREL) were calculated.
These estimates were used to derive the population attributable fraction (PAF), representing the proportional
reduction in health risk if exposure were reduced to the TMREL. The attributable burden for each specific
risk factor was determined by multiplying the PAF by the disease burden, measured in DALYs?. We selected
behavioral and metabolic risk factors closely associated with MAFLD for analysis. In the GBD study, behavioral
risk factors include smoking, alcohol consumption, unhealthy diet, physical inactivity, drug use, unsafe sexual
practices, and poor breastfeeding habits. While metabolic risk factors included high fasting plasma glucose, high
low-density lipoprotein (LDL) cholesterol, high systolic blood pressure, high body mass index but low bone
mineral density and impaired kidney function®.We aim to explore the potential associations between these
factors and MAFLD.

Prediction

To predict the future burden of MAFLD disease, the future disease burden from 2021 to 2050 was predicted by
using the BAPC model integrated nested Laplace approximations. The BAPC model, implemented using the
INLA and ‘BAPC’ packages in R, allowed us to forecast the incidence and prevalence of the disease through
2050. This model considers the effects of age, period, and cohort, providing a comprehensive approach to
understanding future trends in disease burden?**°.

Results

Global level

We noted a marked rise in the burden of MAFLD among global youth and young adults, particularly in the
15-39 age group, from 1990 to 2021 (Table 1, Supplementary Tables S1, S2). By 2021, the estimated prevalence
worldwide reached 423,059,626.9 cases (95% UL 366,558,184.4-494,288,314.5), representing a 75.31% increase
from 241,327,584.6 cases (95% UI:208,552,726.3-281,185,672.3) in 1990. Correspondingly, the age-standardized
prevalence rate (ASPR) increased to 11,010.48 cases per 100,000 population(95% UI: 9,515.14-12,828.99) in
1990 to 14,221.32 cases per 100,000 population (95% UI: 12,322.00-16,615.70) in 2021. Meanwhile, the number
of incident cases surged from 17,053,028.78 in 1990 to 29,082,232.37 in 2021, an increase of 70.54%. The age-
standardized incidence rate (ASIR) escalated from 778.04 cases per 100,000 population (95% UT: 670.53-901.83)
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1990 2021
Location Number (95%UI) ASR (95%UT) Number (95%UI) ASR (95%UT) EAPC_95%CI
Global 241,327,584.6 11,010.48 423,059,626.9 14,221.32 0.844
(208,552,726.3-281,185,672.3) | (9515.14-12,828.99) | (366,558,184.4-494,288,314.5) | (12,322.00-16,615.70) | (0.779,0.910)
High SDI 29,707,390.62 8562.08 43,452,540.36 12,301.11 1.320
& (25,652,823.24-34,617,169.64) | (7393.50-9977.15) (37,464,110.78-50,742,293.14) | (10,605.83-14,364.79) | (1.256, 1.384)
Hieh-middle SDI 51,058,710.14 11,282.76 68,267,040.9 15,505.82 1.044
g (44,111,919.34-59,662,279.55) | (9747.68-13,183.94) | (58,803,742.84-79,934,874.64) | (13,356.38-18,155.99) | (0.889, 1.200)
Middle SDI 88,203,406.28 11,719.33 143,904,882.9 15,515.52 0.910
(76,176,907.81-102,367,444.4) | (10,121.40-13,601.26) | (124,277,070.9-167,740,247.8) | (13,400.00-18,085.40) | (0.840, 0.979)
Low-middle SDI 52,736,709.99 11,631.38 113,704,981.2 14,168.98 0.635
(45,290,189.54-61,262,343.52) | (9989.01-13,511.76) | (98,430,820.25-131,889,053.2) | (12,265.64-16,434.92) | (0.574, 0.695)
Low SDI 19,403,697.74 10,527.84 53,404,642.29 11,892.49 0.404
(16,727,851.05-22,425,507.71) | (9076.01-12,167.37) | (46,029,735.54-61,815,791.17) | (10,250.20-13,765.54) | (0.375,0.433)
Andean Latin 1,627,319.87 10,523.49 3,557,021.82 13,135.46 0.772
America (1,402,980.39-1,897,532.45) (9072.74-12,270.89) | (3,075,003.22-4,139,832.83) (11,355.45-15,287.68) | (0.758, 0.786)
Australasia 588,883.88 7222.13 998,129.73 9532.41 0.856
(502,927.27-684,559.87) (6167.95-8395.51) (855,441.69-1,160,075.22) (8169.70-11,079.03) | (0.830, 0.882)
Caribbean 1,691,212.66 11,377.42 2,430,067.51 13,350.04 0.446
(1,462,179.30-1,957,400.71) (9836.62-13,168.16) | (2,097,579.41-2,835,036.73) (11,523.45-15,574.82) | (0.409, 0.482)
Central Asia 3,574,120.30 12,561.16 5,779,620.11 15,458.97 0.619
(3,073,485.88-4,169,808.48) (10,801.70-14,654.70) | (4,978,140.54-6,769,174.54) (13,315.22-18,105.77) | (0.492, 0.745)
Central Europe 4,980,317.63 10,630.71 4,426,414.01 12,639.77 0.709
P (4,290,392.41-5,816,707.07) (9158.03-12,416.02) | (3,802,004.89-5,153,865.62) (10,856.75-14,717.03) | (0.631, 0.787)
Central Latin 8,306,984.01 12,168.33 15,308,624.05 15,132.69 0.705
America (7,210,336.45-9,682,660.54) (10,561.93-14,183.46) | (13,196,405.49-17,836,472.81) | (13,044.75-17,631.49) | (0.689, 0.720)
Central Sub-Saharan | 1,942,689.58 9356.86 5,560,802.56 10,279.49 0.296
Africa (1,668,741.83-2,271,679.55) (8037.41-10,941.43) | (4,766,154.75-6,472,604.16) (8810.53-11,965.01) | (0.258, 0.334)
East Asia 61,946,595.22 10,950.31 72,557,360.76 15,146.16 1.010
(53,314,351.20-72,153,044.56) | (9424.39-12,754.51) | (62,072,287.19-85,611,922.18) | (12,957.42-17,871.26) | (0.748, 1.273)
Eastern Europe 8,600,779.57 10,027.90 7,806,456.99 11,796.99 0.568
P (7,403,942.13-10,068,454.84) | (8632.47-11,739.10) | (6,672,723.01-9,175,870.68) (10,083.71-13,866.42) | (0.427, 0.709)
Eastern Sub-Saharan | 7,049,751.62 9944.66 19,679,177.94 11,233.34 0.417
Africa (6,083,453.46-8,145,487.68) (8581.56-11,490.35) | (16,945,134.35-22,846,714.03) | (9672.69-13,041.45) | (0.382, 0.452)
High-income 5,146,055.20 7624.32 4,649,600.87 9199.95 0.739
Asia Pacific (4,472,083.14-5,945,194.52) (6625.78-8808.32) (3,989,451.98-5,422,292.95) (7893.75-10,728.84) | (0.664, 0.814)
High-income 8,631,581.79 7617.30 11,923,005.49 9679.01 0.826
North America (7,400,274.16-10,043,559.91) | (6530.68-8863.35) (10,274,470.87-13,858,277.00) | (8340.74-11,250.05) | (0.776,0.875)
North Africa and 26,261,740.06 19,623.28 69,336,376.41 27,269.21 1.200
Middle East (22,816,884.50-30,421,864.21) | (17,049.22-22,731.81) | (60,150,172.86-80,157,799.76) | (23,656.38-31,525.15) | (1.144, 1.256)
Oceania 283,540.34 10,673.92 678,037.07 12,033.84 0.386
(246,414.01-329,173.99) (9276.30-12,391.81) | (584,073.01-792,144.65) (10,366.16-14,059.03) | (0.348, 0.424)
South Asia 45,788,027.13 10,608.50 100,017,482.10 12,645.57 0.532
(39,355,677.03-53,201,270.77) | (9118.21-12,326.05) | (86,161,773.87-116,387,957.30) | (10,893.74-14,715.34) | (0.430, 0.635)
Southeast Asia 22,965,300.41 11,657.24 38,433,729.25 13,858.66 0.575
(19,749,664.64-26,610,313.94) | (10,024.97-13,507.45) | (32,997,713.82-44,970,715.21) | (11,898.51-16,215.81) | (0.563, 0.587)
Southern Latin 1,407,198.27 7375.55 2,519,405.01 9766.77 0.915
America (1,201,954.35-1,642,256.18) (6299.80-8607.56) (2,151,711.81-2,943,555.05) (8341.36-11,411.03) | (0.888, 0.941)
Southern Sub-Saharan | 2,572,948.03 11,903.36 5,060,282.06 14,867.43 0.747
Africa (2,232,956.54-2,995,790.70) (10,330.44-13,859.58) | (4,347,218.61-5,924,503.48) (12,772.41-17,406.57) | (0.678, 0.817)
Tropical Latin 8,066,772.89 12,542.97 13,401,121.32 15,175.15 0.688
America (6,925,004.09-9,417,954.11) (10,767.64-14,643.91) | (11,557,998.00-15,689,121.12) | (13,088.04-17,766.03) | (0.645,0.731)
Western Europe 11,564,426.79 8024.16 14,092,043.04 10,859.02 0.984
P (9,964,461.65-13,449,732.72) | (6914.00-9332.31) (12,168,539.98-16,463,862.82) | (9376.81-12,686.69) | (0.913, 1.056)
Western Sub-Saharan | 8,331,339.33 11,640.17 24,844,868.82 12,993.60 0.347
Africa (7,171,094.17-9,652,402.65) (10,019.13-13,485.90) | (21,497,049.11-28,874,532.80) | (11,242.72-15,101.07) | (0.339, 0.356)

Table 1. Prevalence of MAFLD between 1990 and 2021 at global and regional level.

in 1990 to 977.61 cases per 100,000 population (95% UI: 839.97-1,125.92) in 2021. In 2021, the number of
Disability-Adjusted Life Years (DALY) reached 377,553.18 (95% UI: 246,023.87-548,563.02), indicating a
significant upward trend compared to 225,363.89 (95% UI: 153,054.61-328,277.70) in 1990.

From 1990 to 2021, ASPR, ASIR, and age-standardized DALY rate of MAFLD among global youth and
young adults showed a steady increase (Fig. 1). The EAPC for ASPR, ASIR and age-standardized DALY rate were
0.84 (95% CI: 0.78-0.91), 0.79 (95% CI: 0.74-0.84), and 0.65 (95% CI: 0.55-0.75), respectively (Tables 1, Tables
S1, S2). Males consistently exhibited higher prevalence rates compared to females (Fig. 1). Nevertheless, both
genders experienced a dramatic increase in ASPR, ASIR, and age-standardized DALY rates from 1990 to 2021,
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Fig. 1. Temporal trend of age-standardised prevalence rate, age-standardised incidence rate and
age-standardised disability adjusted life years (DALY) for the burden of MAFLD, globally and by
sociodemographic index (five categories; countries with a high, high-middle, middle, low-middle, or low
sociodemographic index) from 1990 to 2021.

underscoring the escalating impact of MAFLD on global youth and young adults, affecting young populations
across different genders and regions profoundly.

SDI regional level

In 2021, the middle SDI and low-middle SDI regions became the “epicenters” of MAFLD burden among youth
and young adults, with the largest total case counts. The prevalence and incidence rates in the middle SDI region
were 15,515.52 per 100,000 population(95% UI: 13,400.00-18,085.40) and 1,073.67 per 100,000 population(95%
Ul: 921.65-1,237.27), respectively, while in the low-middle SDI region, the rates were 14,168.98 per 100,000
population (95% UL 12,265.64-16,434.92) and 1,010.21 per 100,000 population (95% UI: 873.01-1,168.87),
placing both regions at the forefront in comparisons among SDI categories (Tables 1 and S1). Additionally,
the age-standardized DALY rate in the high-middle SDI region reached the highest level in 2021, at 14.87 per
100,000 population(95% UI: 9.23-22.89), and the ASPR in this region was also high, at 15,505.82 per 100,000
population (95% UTI: 13,356.38-18,155.99). From 1990 to 2021, the trend of MAFLD among youth in both global
and SDI regions exhibited a gradual increase (Fig. 1). The EAPC for ASPR and ASIR were highest in high SDI
regions, reaching 1.320 (95% CI: 1.256-1.384) and 1.12 (95% CI: 1.05-1.20), respectively. The largest increase
in age-standardized DALY rates occurred in the high-middle SDI region, with a corresponding EAPC of 2.12
(95% CI: 1.67-2.58).
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GBD regional level

In 2021, North Africa and the Middle East became the focal point of MAFLD prevalence among adolescents and
young adults, with an ASPR of 27,269.21 cases per 100,000 population (95% UI: 23,656.38-31,525.15) and an
ASIR of 1,836.44 cases per 100,000 population (95% UI: 1,587.68-2,091.66), significantly surpassing other GBD
regions globally. The projected number of cases peaked in South Asia, reaching approximately 100,017,482.1
cases (95% UL 86,161,773.9-116,387,957.3), while Oceania reported the lowest number of cases at 678,037.07
(95% UTI: 584,073.01-792,144.65). In the high-income Asia Pacific region, both the ASPR and ASIR were the
lowest, at 9,199.95 cases per 100,000 population (95% UI: 7,893.75-10,728.84) and 543.98 cases per 100,000
population (95% UI: 468.98-627.94), respectively (Table 1 and Supplementary Tables S1).

In the 21 regions analyzed, the prevalence and incidence of MAFLD increased over time across all regions
(Fig. 2A and B). Notably, the prevalence rate in North Africa and the Middle East experienced the steepest rise,
boasting an estimated annual percentage change (EAPC) of 1.200 (95% CI: 1.144-1.256). Following closely was
East Asia, with an EAPC of 1.010 (95% CI: 0.748-1.273). Furthermore, East Asia experienced the most severe
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Fig. 2. The change trends and correlation analyses of prevalence rate and SDI from 1990 to 2021. (A) The
change trends and correlation of ASPR and SDI from 1990 to 2021 in 21 regions. (B) The change trends and
correlation of ASIR and SDI from 1990 to 2021 in 21 regions. (C) The change trends and correlation of age-
standardized DALY rate and SDI from 1990 to 2021 in 21 regions. (D) Correlation between age-standardized
prevalence rate and SDI in 204 countries in 2021. (E) Correlation between age-standardized incidence rate and
SDI in 204 countries in 2021. (F) Correlation between age-standardized DALY rate and SDI in 204 countries
in 2021.
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increase in incidence, reaching an EAPC of 0.849 (95% CI: 0.598-1.101). The fluctuations in DALY rates varied
significantly across regions over time, with Eastern Europe witnessing a rapid surge, yielding an EAPC of 6.859
(95% CI: 5.575-8.158). Central Asia ranked second in this regard, with an EAPC of 2.206 (95% CI: 1.790-2.624).
In contrast, several high or upper-middle SDI regions, including Western Europe, High-income Asia Pacific,
and East Asia, observed a decline in age-standardized DALY rates over time (Fig. 2; Tables 1 and Supplementary
Tables S1, S2).

Countries level

In 2021, among the 204 countries analyzed, Qatar had the highest age-standardized prevalence rate (ASPR) for
MAFLD, with 37,750.8 cases per 100,000 population(95% UT: 32,195.4-44,266.1). Kuwait and the United Arab
Emirates closely trailed, securing the second and third positions, respectively. In stark contrast, Japan had the
lowest ASPR at 8,120.7 cases per 100,000 population (95% UL 7,010.1-9,476.1). Egypt emerged as the country
with the highest age-standardized incidence rate (ASIR), recording 2,330.4 cases per 100,000 population(95%
UI: 2,041.7-2,653.3). Regarding DALY, Turkmenistan reported the highest age-standardized DALY rate in 2021,
reaching 113.4 cases per 100,000 population(95% UL 61.0-193.7) (Fig. 3, Supplementary Figs. S1, S2).

From 1990 to 2021, the global prevalence of MAFLD among the youth and young adult population aged
15-39 revealed significant disparities between countries (Fig. 2D). The prevalence of MAFLD in Iran (Islamic
Republic of) demonstrated the most pronounced increase during this period (EAPC: 1.720; 95% CI: 1.120-
2.323). In contrast, Timor-Leste exhibited the most significant decline from 1990 to 2021 (EAPC: - 0.150; 95%
CI: - 0.229 to - 0.072). Regarding the incidence of MAFLD, Equatorial Guinea exhibited the steepest increase
from 1990 to 2021, with an EAPC of 1.608 (95% CI: 1.517-1.699), while Japan saw the steepest drop in the
incidence of MAFLD (EAPC: - 0.010; 95% CI: — 0.143 to 0.124). In contrast, the Russian Federation reported the
most pronounced rise in age-standardized DALY rates (EAPC: 7.668; 95% CI: 6.282 to 9.073). Furthermore, we
measured the relative changes between 1990 and 2021 across the global and various countries using percentage
change (PC) (Supplementary Fig. S3), finding that the leading countries align closely with the results of the
EAPC.

Age and sex patterns

In 2021, the global prevalence of MAFLD showed clear patterns related to age and gender (Fig. 4). Among
individuals aged 15 to 39, the number of cases in males consistently surpassed that in females, with prevalence
increasing with age and peaking in the 35-39 age group. Notably, the incidence of MAFLD exhibited a downward
trend with increasing age, with the highest peak occurring in the youngest group, 15-19 years, where males
consistently outnumbered females, showing a greater gender disparity as age decreased. In terms of DALY and
mortality, both indicators exhibited rapid increases with advancing age. In the younger age groups (15-19 and
20-24 years), females slightly surpassed males, but as age increased, the disease burden borne by males became
significantly greater than that of females, with this disparity widening further with age. Compared to the situation
in 1990, the distribution of the disease by gender and age has not changed significantly, but the number of cases
has exhibited a spiral increase. Additionally, country-level age- and sex-specific incidence rates of MAFLD in
1990 and 2021 are provided in Supplementary Tables S6, highlighting variations across 204 nations.

Attributable risk factors

The increasingly severe burden of MAFLD has prompted us to investigate the disease’s risk factors. High
fasting blood glucose and tobacco use have been identified as the primary behavioral and metabolic risk factors
associated with MAFLD, with the percentages of DALY and mortality represented as outcomes of the disease
(Fig. 5). From 1990 to 2021, the proportion of DALY and mortality attributed to high fasting blood glucose
significantly increased globally and across various regions, particularly in low-middle and high SDI areas. In
contrast, the impact of tobacco remained relatively stable overall. While there was an increase in low SDI and
middle-low SDI regions, the growth trend was more gradual, and high SDI regions exhibited stability or a slight
decrease.

The analysis of results across 21 GBD regions indicates significant regional variations in the impacts of high
fasting blood glucose and tobacco on MAFLD (Fig. 5B and D). In terms of high fasting blood glucose, the
region with the highest DALY percentage in 2021 was Southern Sub-Saharan Africa [0.23 (0.02, 0.5)], followed
by East Asia [0.20 (0.02, 0.45)] and Western Sub-Saharan Africa [0.15 (0.01, 0.35)]. These three regions also
exhibited the highest proportions of total mortality in 2021. Regarding tobacco use, its influence on MAFLD was
particularly pronounced in Southern Sub-Saharan Africa, East Asia, and Southeast Asia, with DALY percentages
0f0.26 (0.08, 0.5), 0.26 (0.08, 0.49), and 0.15 (0.05, 0.31), respectively. In 2021, Southern Sub-Saharan Africa and
East Asia bore the brunt of the impact from smoking and elevated fasting blood sugar levels.

Future burden of MAFLD

Figure 6 illustrates the projected future trends in MAFLD prevalence, incidence, DALY, and mortality rates for
males and females globally. The data indicate that the burden of MAFLD among young populations is expected
to rise steadily in the coming years. By 2050, the global age-standardized prevalence rate (ASPR) of MAFLD is
anticipated to reach 16,101 cases per 100,000 population (95% UI: 11,640-20,562). Males are projected to have
a higher prevalence than females, with an estimated 17,046 cases per 100,000 population (95% UI: 12,120-
21,971). The age-standardized incidence rate (ASIR) is also expected to show continuous growth, reaching 1,170
cases per 100,000 population globally by 2050 (95% UI: 754-1,585), with males significantly exceeding females.
Furthermore, by 2050, the ASR for global MAFLD is projected to reach 13.4 cases per 100,000 population (95%
UI: 8.1-18.8), showing a slight decline for males (12.3 cases per 100,000; 95% UI: 6.9-17.8) while females exhibit
an upward trend (13.7 cases per 100,000; 95% UL 8.3-19.2).
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Fig. 3. Global GBD and temporal trends of MAFLD prevalence in 204 countries or territories. (A) The ASR
per 100,000 people in 2021. (B) EAPC for MAFLD prevalence. *Maps were generated using R (version 4.3.3;
https://www.r-project.org/) and the ‘rnaturalearth’ package (version 1.0.1; https://github.com/ropensci/rnatural
earth), based on vector data from Natural Earth (https://www.naturalearthdata.com/).
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According to projected population changes, by 2030, an estimated 458 million individuals (95% UT: 440-476)
globally will be affected by MAFLD, increasing to 521 million (95% UI: 371-666) by 2050. This represents
an approximate increase of 13.8% in total cases compared to 2030. From 2030 to 2050, the expected number
of cases in males is projected to rise from 249 million (95% UI: 238-261) to 284 million (95% UI: 202-366),
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Fig. 4. Sex-age distribution of MAFLD among Ages 15-39 in 1990 and 2021.

while the expected number of cases in females will increase from 209 million (95% UI: 200-218) to 240 million
(95% UL 173-306). Notably, the projected trends exhibit significant regional disparities; for instance, regions
such as Andean Latin America, East Asia, South Asia, Tropical Latin America, and Southern Latin America are
expected to see marked increases, whereas growth in regions such as High-income Asia Pacific, Central Europe,
and Eastern Europe may be more modest or stabilize (Table 2). Furthermore, our analysis extends to country-
level projections across 204 nations, providing a more detailed perspective on the future burden of MAFLD at
the national level. These projections reveal substantial heterogeneity in MAFLD burden, with certain countries
experiencing more pronounced increases, while others exhibit relatively stable trends (Supplementary Tables
S7).

Discussion

Principal findings

Metabolic-Dysfunction Associated Fatty Liver Disease (MAFLD) is a significant and growing public health
concern, with a marked increase in prevalence among adolescents from 1990 to 2021, according to the 2021
Global Burden of Disease (GBD) data. The burden is particularly high in countries with medium, upper-
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Fig. 5. Risk attribution factors for MAFLD. (A) Trends in the Proportion of MAFLD DALYs attributable to
Tobacco and High Fasting Plasma Glucose, Globally and in 5 SDI Regions, from 1990 to 2021. (B) Proportion
of MAFLD DALY attributable to tobacco and high fasting plasma glucose for 21 GBD regions, 2021. (C)
Trends in the Proportion of MAFLD Deaths attributable to Tobacco and High Fasting Plasma Glucose,
Globally and in 5 SDI Regions, from 1990 to 2021. (D) Proportion of MAFLD Deaths attributable to tobacco
and high fasting plasma glucose for 21 GBD regions, 2021.

middle, and lower-middle socio-demographic indices (SDI), with males being more susceptible than females.
Tobacco use and elevated fasting blood glucose are identified as significant risk factors. Bayesian Age-Period-
Cohort predictions suggest a continued rise in MAFLD cases through 2050, highlighting the need for global
intervention®%,

Trends in MAFLD development parallel to obesity progression

MAFLD development is closely linked to obesity, with an estimated prevalence of 30% to 37% among obese
individuals. Abdominal obesity and increased visceral adipose tissue (VAT) are particularly associated with
MAFLD, while subcutaneous adipose tissue (SAT) is correlated with MAFLD regression’!. Weight loss has been
shown to improve MAFLD outcomes, emphasizing the importance of effective weight management®2-34,

Regional differences in the burden of MAFLD

The burden of MAFLD varies across SDI categories, with the highest prevalence in middle SDI regions, followed
by high-middle and low-middle SDI regions. North Africa, the Middle East, and East Asia are identified as
hotspots for MAFLD prevalence, likely due to rising obesity rates and lifestyle changes'**. Urbanization and
dietary shifts towards high-calorie, high-sugar, and high-fat foods contribute to the increasing prevalence of
MAFLD in these regions>®~.

Interethnic differences and genetic predisposition

Genetic variants near the TM6SF2, PNPLA3, NCAN, and PPP1R3B genes contribute to MAFLD susceptibility,
with the PNPLA3 I1148M variant being most prevalent among Hispanic populations (49%) and least common
among African Americans (17%)0-42. Lean MAFLD cases in Asia are associated with the PNPLA3 rs738409 GG
allele, highlighting the role of genetics in disease expression®* .

Health system and policy implications
Countries with middle and low-middle SDI levels lag in universal health coverage for non-communicable
diseases, necessitating targeted policies and resource allocation for disease prevention and management?®’.
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Fig. 6. Future forecasts of GBD in MAFLD prevalence, incidence, DALYs, and deaths.

High SDI regions, despite lower prevalence, show significant annual increases in MAFLD cases, underscoring
the need for robust health education and policy measures?.

Sex and age disparities in the burden of MAFLD

Males aged 15-39 are more likely to develop MAFLD than females, with tobacco use identified as a significant
risk factor®®. The highest prevalence is observed in the 35-39 age group, but an alarming trend of increased
incidence is seen in younger cohorts (under 30 years), highlighting the need for focused interventions in this
age group®.

Limitations of the study

Our analysis, based on the 2021 GBD data, focused on adolescents and young adults, potentially underestimating
the overall impact of MAFLD. Regional data quality varied, and only two risk factors were considered, limiting
the comprehensive understanding of MAFLD’s multifactorial nature.

Conclusion

MAFLD is an escalating global health concern, particularly in middle SDI countries and regions like North
Africa, the Middle East, and East Asia. Targeted interventions, improved public health measures, and enhanced
data accuracy are essential to address this growing issue effectively.
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ASPR (per 100,000) Cases (millions)
Location 2030 2040 2050 2030 2040 2050
Global 14,629.5 15,3304 16,101.5 458 496 521
(14,041.3-15,217.8) | (13,615.0-17,045.8) | (11,640.3-20,562.7) | (440-476) | (440-551) | (371-666)
Male 15,572.3 16,239.4 17,046.2 249 270 284
(14,857.7-16,286.9) | (14,285.9-18,192.9) | (12,120.7-21,971.7) | (238-261) (238-303) (202-366)
Female 13,656.0 14,438.5 15,239.2 209 227 240
(13,083.6-14,228.5) | (12,806.0-16,071.0) | (10,993.4-19,485.0) | (200-218) | (201-252) | (173-306)
Andean Latin 13,793.8 14,327.0 14,732.2 3.81 4.33 4.71
America (13,330.5-14,257.1) | (12,834.2-15,819.9) | (10,781.6-18,682.7) | (3.69-3.94) | (3.87-4.78) (3.45-5.98)
Australasia 9678.2 10,390.2 11,194.3 1.03 1.18 1.33
(9351.8-10,004.5) (9247.7-11,532.6) (8083.5-14,305.0) (0.99-1.06) | (1.05-1.31) (0.96-1.69)
Caribbean 13,767.6 14,603.8 15,567.3 243 2.48 2.49
(13,330.4-14,204.8) | (13,107.8-16,099.8) | (11,433.5-19,701.2) | (2.35-2.50) | (2.22-2.73) (1.83-3.16)
Central Asia 15,526.6 16,257.7 17,003.3 6.02 6.70 7.36
(14,994.8-16,058.5) | (14,522.6-17,992.7) | (12,403.1-21,603.4) | (5.81-6.22) | (5.99-7.42) (5.37-9.36)
Central Europe 12,346.7 12,965.8 13,579.9 3.74 3.53 3.23
P (11,967.9-12,725.4) | (11,632.5-14,299.0) | (9961.8-17,168.1) | (3.63-3.86) | (3.17-3.89) | (2.37-4.09)
Central Latin 16,123.8 17,819.3 19,967.2 18.1 20.3 223
America (15,634.3-16,613.3) | (15,947.7-19,690.8) | (14,524.5-25,409.8) | (17.5-18.6) | (18.2-22.4) (16.3-28.4)
Central sub-Saharan 11,470.7 11,997.4 12,619.6 8.17 10.9 13.4
Africa (11,104.5-11,836.9) | (10,762.1-13,232.8) | (9260.2-15,978.9) | (7.91-8.43) | (9.76-12.0) | (9.79-16.9)
East Asia 14,282.6 14,608.9 14,902.7 60.4 55.3 50.0
(12,618.0-15,947.3) | (11,399.8-17,818.1) | (8767.4-21,038.1) (53.4-67.4) | (43.1-67.4) (29.4-70.6)
Eastern Europe 11,1424 11,781.1 12,504.0 6.48 6.73 6.62
P (10,793.8-11,490.9) | (10,558.2-13,003.9) | (9171.9-15,836.2) (6.28-6.69) | (6.03-7.43) | (4.86-8.39)
Eastern sub-Saharan 12,607.3 13,107.4 13,638.5 29.5 385 46.6
Africa (12,206.1-13,008.6) | (11,769.2-14,445.7) | (10,028.9-17,248.0) | (28.6-30.5) | (34.6-42.5) | (34.3-58.9)
High-income 8933.4 9155.7 9430.6 4.10 3.70 345
Asia Pacific (8457.9-9408.9) (7840.1-10,471.3) (6237.6-12,623.7) (3.89-4.32) | (3.16-4.23) (2.28-4.62)
High-income 10,847.1 13,463.6 17,131.0 13.6 16.9 21.2
North America (10,198.9-11,495.2) | (11,213.6-15,713.7) | (10,582.4-23,679.5) | (12.8-14.4) | (14.1-19.7) (13.1-29.3)
North Africa and 29,060.2 32,297.5 35,846.8 81.2 98.5 114.6
Middle East (27,677.0-30,443.4) | (28,276.6-36,318.4) | (25,247.4-46,446.2) | (77.3-85.0) | (86.2-110.8) | (80.7-148.5)
Oceania 13,056.3 14,275.0 158,864.6 0.84 1.13 1.48
(12,552.0-13,560.6) | (12,636.4-15,913.5) | (11,311.3-20,418.0) | (0.81-0.87) | (1.00-1.26) | (1.05-1.90)
South Asia 13,164.7 13,446.0 13,760.7 111 111 102
(12,513.6-13,815.9) | (11,851.2-15,040.8) | (9942.7-17,578.7) (106-117) (97.5-123.7) | (73.5-130)
Southeast Asia 13,986.0 14,315.1 14,571.3 38.5 38.8 38.0
(13,565.3-14,406.8) | (12,904.7-15,725.4) | (10,781.1-18,361.5) | (37.3-39.6) | (35.0-42.7) | (28.1-47.9)
Southern Latin 10,198.6 10,985.8 11,889.2 2.58 2.76 2.96
America (9842.7-10,554.4) (9797.0-12,174.6) (8632.7-15,145.7) (2.49-2.67) | (2.47-3.06) (2.15-3.77)
Southern sub-Saharan | 15,222.5 15,840.1 16,516.9 5.57 6.32 6.96
Africa (14,763.5-15,681.6) | (14,253.2-17,427.0) | (12,192.0-20,841.9) | (5.40-5.74) | (5.68-6.95) (5.14-8.78)
Tropical Latin 15,219.2 15,891.2 16,571.4 12.9 12.6 12.1
America (14,760.7-15,677.6) | (14,331.0-17,451.4) | (12,293.2-20,849.6) | (12.5-13.2) | (11.4-13.9) (8.97-15.2)
Western Europe 11,256.7 12,506.9 14,001.2 14.3 15.6 16.9
P (10,878.0-11,635.4) | (11,124.1-13,889.7) | (10,075.7-17,926.7) | (13.9-14.8) | (13.9-17.4) (12.2-21.7)
Western sub-Saharan 14,576.7 14,967.5 15,350.9 37.1 49.7 63.2
Africa (14,149.0-15,004.5) | (13,496.2-16,438.7) | (11,374.3-19,327.6) | (36.0-38.2) | (44.8-54.6) (46.8-79.6)

Table 2. Forecast of future trends in MAFLD prevalence globally and across 21 regions.

Data availability

The datasets generated during the current study are available in the Global Health Data Exchange query tool

(https://vizhub.healthdata.org/gbd-results).
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