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Abstract
Background and aims Metabolic dysfunction-associated fatty liver disease (MAFLD) establishes new criteria for diagnosis 
of fatty liver disease independent of alcohol intake. We aimed to describe the prevalence and compare characteristics and 
mortality outcomes of persons with nonobese and obese MAFLD.
Methods Using data from 13,640 participants from the third National Health and Nutrition Examination Survey (NHANES 
III) 1988–1994, we identified participants with fatty liver on ultrasound who had MAFLD and analyzed them by the pres-
ence of obesity.
Results Overall prevalence of MAFLD was 19%; amongst those, 54% were obese and 46% were nonobese. Nonobese 
MAFLD was more common in participants older than 65 than in younger participants (56.8% vs. 43.2%, p < 0.0001). Non-
obese MAFLD was more common in males (63.2% vs. 48.3%, p < 0.0001). Obese MAFLD was more common in females 
(51.7% vs. 48.3%, p < 0.0001). After adjusting for several demographic factors and alcohol use, older age [adjusted odds 
ratio (aOR) 1.02, 95% CI 1.00–1.02, p = 0.003] and being male (aOR: 1.65, 95% CI 1.25–2.17, p = 0.001) were independent 
risk factors for nonobese MAFLD. Nonobese MAFLD participants had a higher 20-year cumulative incidence for all-cause 
mortality compared to obese MAFLD participants (33.2% vs. 28.8%, p = 0.0137). However, nonobese MAFLD was not inde-
pendently associated with mortality after adjusting for relevant confounders, while FIB-4 > 1.3 and cardiovascular disease 
were the strongest risk factors associated with increased mortality [adjusted hazard ratio (aHR)  > 2.7 for both, p < 0.0001 
for both].
Conclusions Nonobese MAFLD constitutes about half of the MAFLD in the United States, especially among males and 
the elderly. Notably, nonobese MAFLD carries higher mortality than obese MAFLD. Screening and diagnosis of MAFLD 
should be considered in nonobese populations.
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MAFLD  Metabolic dysfunction-associated fatty liver 
disease

MetS  Metabolic syndrome
NAFLD  Nonalcoholic fatty liver disease
NHANES  National Health and Nutrition Examination 

Survey
T2DM  Type 2 diabetes mellitus

Introduction

Metabolic dysfunction-associated fatty liver disease 
(MAFLD) was recently proposed in place of non-alco-
holic fatty liver disease (NAFLD), which is defined as the 
presence of significant hepatic steatosis in the absence of 
significant alcohol consumption and alternate causes of 
hepatic steatosis such as viral hepatitis or other chronic 
liver diseases and a leading cause of liver disease globally 
and in the US [1–4]. As fatty liver disease unrelated to 
alcohol is associated with type 2 diabetes, obesity, hyper-
lipidemia, and hypertension [1–4], it has been referred to 
as the liver manifestation of metabolic syndrome (MetS) 
[1]. Although there is a consistent and strong relationship 
between increasing body mass index (BMI) and the risk 
for metabolic fatty liver, it is important to acknowledge 
that NAFLD is found in nonobese individuals [4–6].

Given the intricate relationship between fatty liver that 
is not primarily due to alcohol and metabolic diseases, in 
March 2020, an expert opinion paper proposed changing 
the name of this fatty liver disease from NAFLD to meta-
bolic dysfunction-associated fatty liver disease (MAFLD) 
[7], as evidence has shown that MAFLD would better 
represent this liver disease as a hepatic manifestation of 
metabolic syndrome. Currently, the established criteria for 
NAFLD diagnosis exclude those with significant alcohol 
use, which many feel does not capture the full spectrum of 
the disease since some could have both [7]. The proposed 
term “MAFLD” would represent a multisystem disorder 
that warrants a positive diagnosis instead of a “non”-
disease rubric, as currently used by NAFLD [7]. Recent 
professional society guideline has also been proposed for 
MAFLD [8].

As with NAFLD, previous studies have reported the risk 
factors of MAFLD to include body composition [9, 10]. 
However, while nonobese NAFLD has been well recognized, 
little is known about the distinction between those with 
obese and nonobese MAFLD especially in the multiethnic 
US population. Therefore, we aim to investigate the preva-
lence, clinical characteristics, and mortality outcomes and 
associated factors of obese and nonobese individuals with 
MAFLD using the population-based NHANES (National 
Health and Nutrition Examination Survey) data.

Patients and methods

Study population and study design

The NHANES is conducted by the National Center for 
Health Statistics (NCHS) of the Centers for Disease Con-
trol and Prevention (CDC) in 2-year cycles in the US. This 
is a retrospective study of a population-based sample of 
people with MAFLD using NHANES III, the survey con-
ducted from 1988 to 1994. NHANES III is a comprehen-
sive dataset that uses a stratified, clustered, and multistage 
probability sample design to obtain a representative sam-
ple of the noninstitutionalized civilian US population [11]. 
Answers to the questionnaires, such as medical history and 
demographics are self-reported. NHANES is designed to 
monitor health and nutritional status in the US through the 
collection of demographic, dietary, physical examination, 
laboratory and questionnaire data from adults and children 
[11]. Hepatic ultrasound was also performed in NHANES 
III. Therefore, we elected to use NHANES III to utilize 
ultrasound to define fatty liver, as there is no validated 
blood test-based biomarker for MAFLD. In addition, as 
NHANES III was conducted between 1988 and 1994, we 
were able to robust long-term mortality outcome for the 
cohort. All participants gave written informed consent.

Inclusion/exclusion criteria

We included participants aged 20 years and older with 
a complete set of relevant laboratory data and physi-
cal measurements to allow for an accurate diagnosis of 
MAFLD as detailed below. We excluded participants with 
missing ultrasound data. We also excluded patients if they 
were pregnant at the time of examination due to different 
waist circumference and BMI measurements caused by 
pregnancy.

Definition of hepatic steatosis

Hepatic steatosis was determined in NHANES III partici-
pants using the Hepatic Steatosis Ultrasound Examination 
(HSUE). Adults underwent hepatic ultrasound at a mobile 
examination center using a Toshiba Sonolayer SSA-90A 
ultrasound machine (Toshiba America Medical Systems, 
Inc., Tustin, California) [12]. Board-certified radiologists 
used five different parameters to assess hepatic steatosis: 
parenchymal brightness, liver-to-kidney contrast, deep 
beam attenuation, bright vessel walls, and gallbladder 
wall definition [13]. The ultrasonographic assessments 
were reported as normal, mild, moderate, or severe hepatic 
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steatosis. Abiding by quality control procedures, reliability 
results (intra-rater and inter-rater) were calculated. The 
intra-rater reliability was found to be 91.3% (kappa 0.77) 
and the inter-rater reliability was found to be 88.7% (kappa 
0.70) [13].

Definition of MAFLD

MAFLD was defined as the presence of hepatic steatosis 
by liver ultrasound plus the presence of one of the follow-
ing conditions: (1) overweight (BMI ≥ 25 and < 30 kg/m2, 
or obese (BMI ≥ 30 kg/m2), (2) presence of type 2 diabetes 
mellitus (T2DM), or (3) at least two metabolic risk abnor-
malities [7]. Metabolic risk abnormalities consisted of: (1) 
waist circumference ≥ 102 cm in male and ≥ 88 cm female, 
(2) blood pressure ≥ 130/85 mmHg or specific drug treat-
ment, (3) plasma triglycerides ≥ 150 mg/dl (≥ 1.70 mmol/L) 
or specific drug treatment, (4) plasma HDL-choles-
terol < 40 mg/dl (< 1.0 mmol/L) for male and < 50 mg/dl 
(< 1.3 mmol/L) for female or specific drug treatment, (5) 
prediabetes (fasting glucose levels 100–125 mg/dl [5.6 to 
6.9 mmol/L] or hemoglobin A1c [HbA1c[ 5.7–6.4% [39 to 
47 mmol/mol]), (6) homeostasis model assessment of insulin 
resistance (HOMA-IR) score ≥ 2.5, (7) and/or plasma high-
sensitivity C-reactive protein level > 2 mg/L [7].

Other definitions and measurements

We defined obese participants as those with BMI ≥ 30 kg/m2. 
Nonobese participants were defined as having a BMI under 
30 kg/m2 and includes normal-weight (BMI ≤ 25 kg/m2) 
and overweight (25 ≤ BMI < 30 kg/m2). T2DM is defined as 
fasting plasma glucose levels ≥ 126 mg/dl or HbA1c ≥ 6.5%. 
Advanced fibrosis was defined as Fibrosis-4 index (FIB-
4) > 2.67 [14, 15]

General demographic and socioeconomic characteristics 
such as age, sex, race and ethnicity (Non-Hispanic White, 
Non-Hispanic Black, Mexican American, Other [Asian 
was not oversampled by NHANES until 2012]), birthplace 
(US-born, foreign-born), military service, marital status 
(single, married, divorced/separated, other/widowed), edu-
cation level (≤ high school, > high school), poverty income 
ratio (< 1.0), and insurance (public, private) were obtained. 
All these variables were self-reported as per the design of 
NHANES. Comorbidities such as stroke, heart attack, and 
congestive heart failure were all self-reported by partici-
pants. Excessive alcohol intake was defined as having > 2 
drinks/day for male or > 1 drink/day for female.

Physical and blood measurements including BMI, sys-
tolic blood pressure (SBP), diastolic blood pressure (DBP), 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), alkaline phosphatase (ALP), gamma-glutamyl 
transferase (GGT), albumin, total cholesterol, high-density 

lipoprotein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), triglycerides, plasma fasting glucose, 
creatinine, bilirubin, and homeostatic model assessment of 
insulin resistance (HOMA-IR) were obtained from the labo-
ratory tests obtained by highly trained medical personnel 
using a standard protocol.

Mortality follow‑up

The NHANES data are linked to death records from the 
National Death Index. Vital status was ascertained through 
probabilistic matching and death certificate review. Inter-
national Classification of Diseases, Ninth Revision (ICD-9) 
was used to define the cause of death prior to 1999 and ICD-
10 codes for deaths from 1999 to 2015. The follow-up period 
for each study participant was the length of time between the 
NHANES III baseline examination date and the participant’s 
death date or last date of follow-up (December 31, 2015), 
whichever came first.

Statistical analyses

Weighted analyses were performed using NHANES sur-
vey weights, which account for the survey design, survey 
nonresponse, post-stratification, and oversampling [16]. We 
used weights in our statistical analysis so that the estimates 
are representative of the US civilian, noninstitutionalized 
population.

Descriptive statistics were reported as a weighted pro-
portion (%) for categorical variables and mean ± standard 
deviation for continuous variables. Chi-square tests were 
performed to compare the distribution of categorical vari-
ables such as sex, race and ethnicity, education level, and 
comorbidities among MAFLD patients with and without 
obesity. The Student t-tests were performed to compare the 
distribution of continuous variables such as age, blood bio-
chemical lab data, and physical measurements.

We calculated the prevalence of nonobese MAFLD 
among the overall cohort of patients with MAFLD as well 
as in relevant subgroups such as by age, sex, and FIB-4 cat-
egories. We also performed univariable and multivariable 
logistic regression to determine factors associated with non-
obese MAFLD. We reported the univariate and multivariate 
odd ratios (OR) as 95% confidence intervals (CI).

Next, we estimated mortality rates in patients with 
MAFLD overall and in subgroups using the Kaplan–Meier 
methods. We compared mortality between groups using 
the log-rank test. In addition, we performed univariable 
and multivariable Cox proportional hazards regressions 
to estimate hazard ratios (HR) of all-cause mortality in 
obese MAFLD individuals compared to nonobese MAFLD 
individuals. Variables were included if there was a clini-
cal concern for possible association with survival. These 
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were sex, race and ethnicity, current smoking status, viral 
hepatitis, FIB-4 category, alcohol use, cardiovascular dis-
ease, lung disease, and non-cutaneous cancer. We tested 
all variables for the proportional hazards assumption by 
graphical comparison of the Kaplan–Meier survival curves 
with the Cox predicted curves for the same variable. If the 
predicted and observed curves were close together and 
did not intersect, the proportional-hazards assumption was 
considered to have been met [17].

The p-values for all statistical analyses were two-tailed, 
and statistical significance was defined with p < 0.05. We 
analyzed the data using Stata version 16.1 (Stata Corp., 
College Station, TX, USA).

Results

Study population

A total of 33,199 participants with sufficient data for study 
analysis were identified in the NHANES database between 
1988 and 1994. We then excluded participants under the 
age of 18 (n = 13,581), patients with missing ultrasound 
data (n = 6557), and pregnant patients (n = 216); after 
which a total of 13,640 participants remained and were 
included in the analyses (Fig. 1).

Prevalence, clinical characteristics, and factors 
associated with nonobese MAFLD

Overall ,  the prevalence of MAFLD was 19.2% 
(2619/13,640). Amongst the MAFLD population, 53.8% 
(1410/2619) were obese and 46.2% (1209/2619) were 
nonobese; and among the nonobese, the majority (85%, 
1027/1209) were overweight. The demographic and clini-
cal characteristics of participants with obese MAFLD 
and nonobese MAFLD are summarized in Table 1A and 
B. Participants in the nonobese MAFLD group were older 
(50.1 vs. 47.5, p = 0.001), more likely to be male (63.2% vs. 
48.3%, p < 0.0001), more likely to have smaller mean waist 
circumference (96.7 vs. 114.0 cm, p < 0.0001), lower BMI 
(26.8 vs. 35.9 kg/m2, p < 0.0001), lower ALT levels (24.6 
vs. 27.2 U/L, p = 0.033), and lower platelet levels (268.3 
vs. 281.4 ×  103, p = 0.018). The obese MAFLD group had 
a higher prevalence of advanced fibrosis (2.2% vs. 1.5%, 
p = 0.0046), diabetes (20.0% vs. 12.9%, p = 0.0003), and 
HOMA-IR (7.1 vs. 4.3, p < 0.0001). Cardiovascular disease 
prevalence was similar between the obese and nonobese 
MAFLD group (7.8% vs. 9.0%, p = 0.38) (Table 1). 

In subgroup analysis, participants older than 65 were 
more likely to have nonobese MAFLD vs. obese MAFLD 
(56.8% vs. 43.2%, p < 0.0001; Fig. 2a). By sex, nonobese 
MAFLD was more common in male compared to female 
(52.4% vs. 37.4%, p < 0.0001) while obese MAFLD was 
more common in female compared to male (62.6% vs. 
47.6%; p < 0.0001, respectively; Fig. 2b). By race and eth-
nicity, there was no statistically significant difference in the 
distribution of obese versus nonobese MALFD with about 
46% of the non-Hispanic white group having nonobese 
MAFLD, 39% of the non-Hispanic blacks, 47.5% among 
the Mexican Americans, and 50.2% among other race and 
ethnicity (p = 0.24; Fig. 2c).

Compared to the obese MAFLD group, nonobese 
MALFD participants were less likely to have advanced fibro-
sis (FIB-4 > 2.67) (36.2% vs. 63.8%, p = 0.0046; Fig. 3a), 
with similar and consistent findings among the male sub-
group and the female subgroup (Fig. 3b).

In multivariable analysis (Table 2A), factors indepen-
dently associated with a higher risk of nonobese MAFLD 
(as compared to obese MAFLD) were older age (aHR: 1.02, 
95% CI 1.00–1.02, p = 0.003), being male (aHR: 1.65, 95% 
CI 1.25–2.17, p = 0.001), and being widowed/separated 
(aHR: 1.66, 95% CI 1.09–2.54, p = 0.015).

Long‑term mortality in obese versus nonobese 
MAFLD and factors associated with mortality

We found higher 20-year cumulative all-cause mortal-
ity among participants in the nonobese MAFLD group 
as compared to the obese MAFLD group (log-rank test Fig. 1  Flowchart
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Table 1  Demographic characteristics, laboratory, and clinical characteristics of participants with MAFLD, overall and by presence of obesity

Characteristics Overall (n = 2619) Obese MAFLD 
(n = 1410)

Nonobese MAFLD 
(n = 1209)

p-value

Mean age 48.7 ± 0.5 47.5 ± 0.6 50.1 ± 0.5 0.001
Sex < 0.0001
 Male 55.1% 48.3% 63.2%
 Female 44.9% 51.7% 36.8%

Ethnicity 0.24
 Non-Hispanic White 75.5% 75.4% 75.7%
 Non-Hispanic Black 8.6% 9.6% 7.3%
 Mexican American 7.8% 7.6% 8.1%
 Other race 8.1% 7.4% 8.9%

US Born 86.2% 87.5% 84.7% 0.14
Served in US military 25.8% 20.1% 32.4% 0.002
Poverty income ratio < 1.0 14.2% 14.4% 13.9% 0.81
Marriage status 0.72
 Legally married 69.8% 69.6% 70.0%
 Divorced/separated 11.0% 11.3% 10.7%
 Never married 10.2% 11.0% 9.2%
  Othera 9.0% 8.1% 10.1%

Significant alcohol use 10.3% 8.9% 11.9% 0.16
Current smoker 36.8% 34.7% 39.2% 0.20
Education level 0.26
 ≤ high school 67.1% 68.6% 65.2%
 > high school degree 32.9% 31.4% 34.8%

Insurance 0.57
 Public 18.9% 18.3% 19.5%
 Private 81.1% 81.7% 80.5%

Body mass index (kg/m2) 31.8 ± 0.2 35.9 ± 0.2 26.8 ± 0.1 < 0.0001
Weight Category < 0.0001
 Lean 7.2% 0% 15.0%
 Overweight 39.0% 0% 85.0%
 Obese 53.8% 100% 0%

Alanine aminotransferase (U/L) 26.0 ± 0.9 27.2 ± 1.0 24.6 ± 1.2 0.033
Aspartate aminotransferase (U/L) 25.5 ± 0.5 25.6 ± 0.5 25.5 ± 0.9 0.89
Alkaline phosphatase (U/L) 89.9 ± 1.1 90.3 ± 1.2 89.5 ± 1.4 0.55
Mean platelet 275.4 ± 3.4 281.4 ± 5.1 268.3 ± 3.2 0.018
FIB-4 categories 0.0046
 < 1.3 78.4% 81.9% 74.2%
 1.3–2.67 19.7% 15.9% 24.3%
 > 2.67 1.9% 2.2% 1.5%

Diabetes 16.7% 20.0% 12.9% 0.0003
Viral hepatitis 1.8% 1.3% 2.3% 0.31
Hypertension 60.5% 63.1% 57.4% 0.072
Lung diseases 13.8% 15.4% 12.0% 0.080
Cardiovascular diseases 8.4% 7.8% 9.0% 0.38
Non-cutaneous cancer 3.9% 4.5% 3.3% 0.37
Systolic blood pressure (mmHg) 131.6 ± 0.6 131.6 ± 0.7 131.6 ± 0.9 0.98
Diastolic blood pressure (mmHg) 80.3 ± 0.3 80.5 ± 0.4 80.0 ± 0.5 0.45
Waist Circumference (cm) 106.1 ± 0.5 114.0 ± 0.5 96.7 ± 0.3 < 0.0001
Albumin (g/dL) 4.2 ± 0.02 4.1 ± 0.02 4.2 ± 0.03 < 0.0001
Gamma-glutamyl transferase (U/L) 45.4 ± 1.8 45.3 ± 2.0 45.5 ± 2.7 0.93
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p = 0.0137) (Fig.  4a). There was no significant differ-
ence in all-cause mortality by the presence of significant 
alcohol use among the obese MAFLD group (log-rank 
p = 0.762, Fig. 4b) as well as the nonobese MAFLD popu-
lation (log-rank p = 0.092, Fig. 4c). There was also no sta-
tistically significant difference in cardiovascular mortality, 
cancer-related mortality and other cause mortality between 
the obese and nonobese MAFLD (p = 0.116, p = 0.250, 
p = 0.117, respectively, Supplemental Figure S1).

On multivariable Cox regression analysis, we found 
no significant difference in the risk of all-cause mortality 
between the nonobese MAFLD and obese MAFLD groups 
(aHR: 1.11, 95% CI 0.88–1.40, p = 0.360) after adjust-
ing for sex, race and ethnicity, smoking, viral hepatitis, 
alcohol use, cardiovascular diseases, lung disease, non-
cutaneous cancer, and FIB-4 index (which includes age, 
AST, ALT, and platelet) (Table 2B).

In addition, among participants with MAFLD, cardio-
vascular disease, lung disease, and non-cutaneous cancer 
were significantly associated with over 3 times (aHR: 3.19, 
95% CI 2.25–4.53, p < 0.0001), over 1.3 times (aHR: 1.38, 
95% CI 1.04–1.82, p = 0.027), and 1.8 times the risk of all-
cause mortality (aHR: 1.79, 95% CI 1.12–2.85, p = 0.016), 
respectively. FIB-4 index within the range of 1.3–2.67 and 
greater than 2.67 were also significantly associated with 
over 2.7 times (aHR 2.73, 95% CI 2.16–3.44, p < 0.001) 
and over 3.6 times the higher risk of mortality (aHR 3.69, 
95% CI 2.37–5.74, p < 0.0001), respectively. In an alterna-
tive model without the inclusion of nonliver comorbidities 
such as cardiovascular diseases, lung disease, and non-
cutaneous cancer (Supplemental Table S1), the finding of 
nonobese MAFLD not independently associated with all-
cause mortality remained consistent (adjusted HR 1.07, 
95% CI 0.86–1.33, p = 0.53).

Discussion

As research continues to investigate the use of MAFLD as 
a more encompassing term and definition to better describe 
what appears to be a metabolically based fatty liver dis-
ease, our study investigated the prevalence, clinical char-
acteristics, and long-term mortality of obese and nonobese 
MAFLD in the multi-ethnic US population over a 6-year 
period from 1988 to 1994. In total, we found the overall 
prevalence of MAFLD was 19.2%, 53.8% were obese and 
46.2% were nonobese. Those with MAFLD were more fre-
quently male, non-Hispanic white, married, had less than 
a high school degree, and had private insurance. Notably, 
78.4% have mild fibrosis and only 1.9% with advanced 
fibrosis, and with over 60% having hypertension.

We found that there were distinct differences between 
individuals with MAFLD who were obese and nonobese. 
The obese MAFLD group was younger, more frequently 
female, more frequently had diabetes or insulin resistance. 
Among the nonobese MAFLD group, 85% were over-
weight and 15% had normal weight. Nonobese MAFLD 
participants were less likely to have advanced liver fibro-
sis via FIB-4 criteria as compared to the obese MAFLD 
group. However, there was no difference in the prevalence 
of obese and nonobese MAFLD among the different racial 
and ethnic groups. These findings were highlighted in our 
multivariate analysis where we found that the predictors 
for having nonobese MAFLD included being older and 
being male, but not race and ethnicity.

We also examined the mortality and found that over 
a follow-up time of 20 years, the overall mortality rate 
was higher among nonobese participants as compared 
to obese participants (p = 0.0137). However, nonobese 

MAFLD, metabolic dysfunction-associated fatty liver disease; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; FIB-4, fibro-
sis 4
a Other marriage status is widowed or living separately

Table 1  (continued)

Characteristics Overall (n = 2619) Obese MAFLD 
(n = 1410)

Nonobese MAFLD 
(n = 1209)

p-value

Glucose (mg/dL) 111.2 ± 1.3 113.1 ± 1.8 109.2 ± 1.8 0.12
Total bilirubin (mg/dL) 0.6 ± 0.01 0.6 ± 0.01 0.6 ± 0.002 0.32
Creatinine (mg/dL) 1.1 ± 0.007 1.1 ± 0.009 1.1 ± 0.01 0.006
HOMA-IR 5.8 ± 0.3 7.1 ± 0.4 4.3 ± 0.2 < 0.0001
Total cholesterol (mg/dL) 217.7 ± 1.5 216.3 ± 1.6 219.3 ± 2.8 0.37
High-density lipoprotein cholesterol (mg/dL) 43.3 ± 0.5 42.5 ± 0.8 44.2 ± 0.5 0.036
Low-density lipoprotein cholesterol (mg/dL) 134.9 ± 1.5 135.4 ± 2.1 134.3 ± 2.6 0.75
Triglycerides (mg/dL) 226.0 ± 5.8 226.7 ± 10.1 225.1 ± 6.1 0.89
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MAFLD was not independently associated with higher 
mortality as compared to obese MAFLD after adjusting for 
confounders. Notably, the strongest and most significant 
predictor of all-cause mortality was having FIB-4 > 2.67 
where those with MAFLD and FIB-4 > 2.67 were almost 
four times more likely to die compared to those without 
severe fibrosis, followed by having cardiovascular disease 
or FIB-4 between 1.3 and 2.67 where the risk was about 
three times higher.

Together, these descriptions of those with MAFLD 
help to paint a more complete picture of patients using the 
MAFLD definition. While obesity is often associated with 
fatty liver not related to alcohol use, close to half of the 
participants with MAFLD in our study were not obese and 
major criteria of MAFLD is the presence of obesity or over-
weight. Our study expands the results of other studies in that 
we have taken the concepts of obese and nonobese from 
what we have learned from the study of NAFLD and applied 

Fig. 2  Distribution of obese and 
nonobese MAFLD participants 
in demographic subgroups: a by 
age, b by sex, c by ethnicity
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them to those with MAFLD. Like what has been indicated in 
the NAFLD studies, having cardiovascular disease is one of 
the strongest predictors for all-cause mortality among those 
with MAFLD [18–21]. However, we found no difference in 
cardiovascular-related mortality between those with obese 
MAFLD and those with nonobese MAFLD which is most 
likely due to there being no difference in the cardiometabolic 
risk factors between the two groups.

It is also of interest to note, that being at high risk for 
advanced fibrosis may play a role in increasing the risk of 
mortality among those with MAFLD. Such an indicator 
would also be in line with what has been reported to be the 
most significant predictor of mortality among those with 
NAFLD—the presence of fibrosis as well as recently in the 
MAFLD population [22–29]. Therefore, we suggest that 
mortality is an area that will require much more in-depth 

study and whether the current treatment interventions (diet 
and exercise) have been advocated for those with NAFLD 
will have the same impact for those with MAFLD [29, 30].

There are some limitations to this study. NHANES III did 
not include an over-sampling of Asian Americans and par-
ticipants with race and ethnicities other than white, black, 
and Hispanic, so our data may not be generalizable to the 
Asian American and other race and ethnicity groups. Second, 
this study did not use liver biopsy to determine the presence 
of hepatic steatosis or liver fibrosis since it is invasive, not 
practical, and not ethical in a large epidemiological cohort of 
asymptomatic patients. Instead, our study used the noninvasive 
FIB-4 test with cutoff of 2.67 for advanced fibrosis, which 
has been proven to be an accurate measure of liver fibrosis 
among patients [16]. Regarding outcome, our dataset did 
not include liver-related mortality data as access to this data 

Fig. 3  Distribution of obese and 
nonobese MAFLD participants 
by a FIB-4 and by b sex and 
FIB-4
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Table 2  Factors associated with nonobese MAFLD and all-cause mortality in participants with MAFLD

CI, confidence interval; MAFLD, metabolic dysfunction-associated fatty liver disease; FIB-4, Fibrosis 4
a Other marriage status is widowed, living separately

Univariable odd ratio (95% CI) p-value Multivariable odd ratio (95% 
CI)

p-value

Nonobese MAFLD
Age 1.01 (1.00–1.02) 0.001 1.02 (1.00–1.02) 0.003
Sex
 Female 1 1
 Male 1.84 (1.46–2.32) < 0.0001 1.65 (1.25–2.17) 0.001

Ethnicity
 Non-Hispanic White 1 1
 Non-Hispanic Black 0.76 (0.63–0.92) 0.005 0.85 (0.62–1.17) 0.49
 Mexican American 1.07 (0.84–1.37) 0.56 1.07 (0.74–1.55) 0.55
 Other 1.19 (0.71–2.00) 0.49 1.14 (0.59–2.20) 0.71

US born 0.79 (0.58–1.08) 0.14 0.75 (0.46–1.23) 0.34
Served in US military 1.91 (1.29–2.82) 0.002 1.36 (0.83–2.24) 0.20
Poverty income ratio < 1.0 0.95 (0.65–1.41) 0.81 1.03 (0.63–1.67) 0.98
Marriage status
 Legally married 1 1
 Divorced/separated 0.94 (0.66–1.33) 0.71 0.96 (0.64–1.45) 0.75
 Never married 0.83 (0.48–1.45) 0.51 0.93 (0.52–1.65) 0.69
  Othera 1.25 (0.83–1.89) 0.28 1.66 (1.09–2.54) 0.015

Education level
 ≤ high school 1 1
 > high school degree 1.17 (0.89–1.53) 0.26 1.21 (0.90–1.62) 0.14

Insurance
 Public 1 1
 Private 1.08 (0.82–1.42) 0.57 1.36 (0.93–2.04) 0.14

Alcohol use 1.38 (0.87–2.20) 0.16 1.43 (0.86–2.37) 0.17

Univariable hazard ratio (95% 
CI)

p-value Multivariable hazard ratio (95% 
CI)

p-value

All-cause mortality in participants with MAFLD
Sex
 Female 1 1
 Male 0.88 (0.77–1.02) 0.079 0.78 (0.66–0.93) 0.007

Ethnicity
 Non-Hispanic White 1 1
 Non-Hispanic Black 0.99 (0.80–1.23) 0.919 0.96 (0.74 –1.24) 0.75
 Mexican American 0.50 (0.40–0.62) < 0.0001 0.60 (0.47–0.77) < 0.0001
 Other 0.37 (0.18–0.76) 0.007 0.35 (0.16–0.78) 0.008

Smoking 1.62 (1.29–2.05) < 0.0001 1.47 (1.16–1.86) 0.002
Viral hepatitis 1.65 (0.63–4.33) 0.301 1.94 (0.90–4.20) 0.091
FIB-4 categories
 < 1.3 1 1
 1.3–2.67 3.09 (2.45–3.90) < 0.0001 2.73 (2.16–3.44) < 0.0001
 > 2.67 5.99 (4.32–8.30) < 0.0001 3.69 (2.37–5.74) < 0.0001

Alcohol use 1.26 (0.83–1.90) 0.270 1.40 (0.92–2.14) 0.1113
Cardiovascular diseases 4.01 (3.02–5.33) < 0.0001 3.19 (2.25–4.53) < 0.0001
Lung diseases 1.92 (1.49–2.46) < 0.0001 1.38 (1.04–1.82) 0.027
Non-cutaneous cancer 2.45 (1.61–3.73) < 0.0001 1.79 (1.12–2.85) 0.016
Nonobese MAFLD 1.07 (0.85–1.35) 0.531 1.11 (0.88–1.40) 0.360
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is more restricted, but part of the mortality related to liver 
causes may be reflected in the data for other-cause mortality. 
Data on cirrhosis and hepatocellular carcinoma development 
were also not available in this community-based epidemiology 
cohort. Additionally, the classification of obese and nonobese 
was only determined at baseline while people can transition 
between obese to nonobese status and vice versa, so future 
studies should examine outcomes in people who remained 
nonobese throughout follow-up time. Studies inclusive of 
participants from more recent time are also needed since our 
study cohort were recruited from over 20 years ago. Finally, 
many responses in NHANES such as demographic data and 
medical conditions were self-reported.

Conclusion

Using the data from NHANES 1988–1994, we found the 
overall prevalence of MAFLD to be 19%, with almost half 
(46%) of them having nonobese MAFLD, suggesting that 

about half of MAFLD patients had a significant metabolic 
disease in the absence of obesity. Nonobese individuals 
with MAFLD tended to be older and male had a higher 
incidence of all-cause mortality at 20-year follow-up as 
compared to participants with obese MAFLD. Notably, 
among participants with MAFLD, after adjustment for 
alcohol, viral hepatitis, liver fibrosis, cardiovascular dis-
ease, race/ethnicities and cancer, not only participants with 
FIB-4 indicative of advanced fibrosis with a value > 2.67 
had a higher risk for mortality but those in the indeter-
minate FIB-4 range (between 1.3 and 2.67) also had 
three times the risk of mortality compared to those with 
FIB < 1.3. As such, the older nonobese population with 
metabolic derangement should also be targeted for early 
screening and diagnosis of MAFLD so that appropriate 
lifestyle and pharmacologic interventions to curtail their 
mortality risk.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12072- 022- 10436-2.
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Fig. 4  All-cause mortality among participants with MAFLD overall and in subgroups: a overall, by the presence of obesity, b obese MAFLD, by 
the presence of significant alcohol use, c nonobese MAFLD, by the presence of alcohol use
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