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Abstract

Objective

We evaluated the clinical characteristics of metabolic dysfunction-associated fatty liver dis-
ease (MAFLD) to evaluate the usefulness of the MAFLD diagnostic criteria in a resident
health survey.

Methods

In 1056 participants of a health survey, we compared obesity, diabetes, metabolic dysregu-
lation, FibroScan-aspartate aminotransferase (FAST) score, dietary habits, and gut micro-

biota between healthy individuals and participants with MAFLD and Nonalcoholic fatty liver
disease (NAFLD).

Results

The proportion of participants with MAFLD in the fatty liver was higher than that with NAFLD
(88.1% vs. 75.5%, respectively). Of 36 participants with a FAST score > 0.35, 29 (80.6%)
participants had MAFLD and 23 (63.9%) participants had NAFLD. Of 29 patients with liver
fibrosis, 26 (89.7%) participants had obesity and metabolic dysregulation. In the evaluation
of diet, the total energy, protein, dietary fiber, and salt intake were significantly higher in par-
ticipants with MAFLD than those in participants without fatty liver. In the microbiota analysis,
the results of the linear discriminant analysis effect size analysis revealed nine bacterial gen-
era that were significantly different in participants with MAFLD in comparison with partici-
pants without fatty liver. Of these genera, the relative abundance of Blautia was especially
low in participants with MAFLD.
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Conclusion

In a resident health survey, participants with MAFLD had a higher proportion of fatty liver
than those with NAFLD. MAFLD criteria could help in improved screening of participants
with liver fibrosis. Therefore, the MAFLD criteria could be a useful diagnostic tool for aggres-
sively identifying participants with a high risk of fatty liver. Additionally, Blautia might be
involved in the development of MAFLD.

Introduction

Nonalcoholic fatty liver disease (NAFLD)/nonalcoholic steatohepatitis (NASH) is one of the
most common chronic liver diseases. The incidence of NAFLD is increasing globally; its
reported prevalence is approximately 20%-46% in Europe and the United States [1, 2] and
9%-30% in Japan [3]. In recent years, it has been reported that metabolic disorders, such as
obesity and diabetes are associated with various events in patients with NAFLD [4-7]. How-
ever, the NAFLD diagnostic criteria do not include metabolic disorders. In 2020, a new diag-
nostic criterion for fatty liver—metabolic dysfunction-associated fatty liver disease (MAFLD)
—was proposed [8]. The advantages of MAFLD diagnostic criteria are that metabolic disorders
are included in them, they are independent of the amount of alcohol consumption, and they
can be combined with other liver diseases. MAFLD is an appropriate term for defining fatty
liver disease associated with metabolic dysregulation. The modification of “NAFLD” to
“MAFLD” would help understand the role of metabolic dysfunction in the disease. Although
the usefulness of MAFLD has been demonstrated, the prevalence and clinical characteristics of
patients with MAFLD remain unclear. Furthermore, there is insufficient evidence to demon-
strate the usefulness of the diagnostic criteria.

In this study, we compared obesity, diabetes, metabolic dysregulation, FibroScan-aspartate
aminotransferase (FAST) score [9], dietary habits, and gut microbiota between healthy indi-
viduals and participants with MAFLD and NAFLD to clarify the characteristics of MAFLD.

Materials and methods
Study participants

A total of 1056 adults (age range 20-88 years) who participated in the Iwaki Health Promotion
Project held in June 2018 in Aomori Prefecture, northern Japan, were included. This study
was performed in accordance with the ethical standards of the Declaration of Helsinki and was
approved by the Hirosaki University Medical Ethics Committee (Authorization number:
2018-063). Written informed consent was obtained from all participants.

Transient elastography

Transient elastography with liver stiffness measurement (LSM) and controlled attenuation
parameter (CAP) measurements were performed using a FibroScan 530 compact device
equipped with both M and XL probes. The examinations were performed by five well-trained
hepatology specialists. When the number of measurements was less than 10 or the ratio of the
interquartile range was greater than 0.30, the measured values were excluded due to unreliabil-
ity. Fatty liver was diagnosed if CAP > 248 dB/m [10]. The FAST score was calculated using
the following formula [9]: ex/(1 + ex), where x = —1.65+1.07xIn (LSM)+2.66x10-8xCAP3—-
63.3xAST-1. Based on previous reports, liver fibrosis was defined as a FAST score > 0.35 [9].
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Clinical parameters

The following clinical parameters were recorded on the morning of transient elastography:
sex, age, height, weight, waist circumference, body mass index (BMI; calculated by dividing
the weight in kilograms by the squared height in meters), hepatitis B surface (HBs) antigen or
anti-hepatitis C virus (HCV) antibody, and serum levels of total protein, albumin, total biliru-
bin (T-bil), AST, alanine aminotransferase (ALT), gamma-glutamyl transpeptidase (GGT),
blood glucose, insulin, hemoglobin Alc (HbAlc), uric acid, total cholesterol, high-density
lipoprotein (HDL)-cholesterol, low-density lipoprotein (LDL)-cholesterol, triglyceride, plate-
lets, and C-reactive protein (CRP). Type 2 diabetes was defined as either fasting blood
glucose > 126 mg/dL and HbA1lc > 6.5% or the use of oral hypoglycemic drugs. Insulin resis-
tance index was calculated using the homeostasis model assessment of insulin resistance
(HOMA-IR) as follows: fasting blood glucose (mg/dL) x fasting insulin (pU/mL)/405 [11].
The FIB-4 index [12], NFS [13], and fatty liver index (FLI) [14] were calculated using the fol-
lowing formulas according to previous reports.

FIB-4 index = {age (years)xAST (U/L)}/{platelets (x109/L)x/ALT}. NFS = —1.675+
0.037xage (years)+0.094xBMI (kg/m2)+1.13ximpaired glucose tolerance/diabetes (yes = 1,
no = 0)+0.99xAST/ALT-0.013xplatelets (x109/L)-0.66xalbumin (g/dL)

FLI = ey/(1 + ey)x100, y = 0.953xIn {triglyceride (mg/dL)}+0.139x{BMI (kg/m2)}+0.718xIn
{y-GTP (U/L)}+0.053x{waist circumference (cm)}-15.745

Energy and nutrient intakes were calculated based on the results of a brief self-administered
diet history questionnaire (BDHQ) [15]. The BDHQ is a convenient diet assessment question-
naire developed in Japan that asks the frequency and amount of consumption of beer, wine,
whisky, Japanese sake and Japanese distilled spirits and includes questions concerning the
intake frequency of 58 foods and beverages commonly consumed in Japan [15]. We excluded
participants with lacking data regarding body weight and/or waist circumference (n = 7),
serum CRP level (n = 1), alcohol intake (n = 13), and transient elastography (n = 85) (Fig 1).

Classification of fatty liver

Based on a previous report, in participants with fatty liver based on CAP measurements, those
meeting any of the following criteria were diagnosed with MAFLD [16]: obesity (BMI > 23
kg/m2); type 2 diabetes; or BMI < 23 kg/m2 with > two metabolic dysregulations: waist
circumference > 90 cm in men and > 80 cm in women, blood pressure > 130/85 mmHg or

| Participants of health promotion project (n=1056) |

Exclusion n=106

1. Lack of body weight and/or waist circumference (n=7)
—p|2. Lack of data on C-reactive protein (n=1)

3. Lack of data on alcohol intake (n=13)

4. Failure of transient elastography measurement (n=85)

A 4
| Participants with reliable data (n=950) |

Fig 1. Flowchart for participant selection.

https://doi.org/10.1371/journal.pone.0277930.9001
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specific drug treatments, triglyceride > 150 mg/dL or specific drug treatment, HDL-
cholesterol < 40 mg/dL in men and < 50 mg/dL in women or specific drug treatment,
impaired glucose tolerance (fasting blood glucose > 100 mg/dL or HbAlc > 5.7%), homeosta-
sis model assessment of insulin resistance (HOMA-IR) > 2.5, and CRP > 2 mg/dL. NAFLD
was defined as fatty liver on transient elastography in the absence of the following: excessive
alcohol consumption (> 30 g/day in men and >20 g/day in women), HBs antigen or HCV
antibody positivity, and use of steatogenic medications such as amiodarone, methotrexate, cor-
ticosteroids, and tamoxifen. The participants who satisfied both the MAFLD and NAFLD cri-
teria were defined to have an overlap, and participants who did not meet either of the criteria
were defined as non-MAFLD/non-NAFLD. The participants were divided into five groups: no
fatty liver (normal), MAFLD, NAFLD, overlap, and non-MAFLD/non-NAFLD. To evaluate
the effects of risk factors on liver fibrosis, the participants with MAFLD were divided into
three groups according to the number of risk factors corresponding to the MAFLD diagnostic
criteria.

DNA extraction from fecal samples

Fecal samples were collected from each subject in specific containers (TechnoSuruga Labora-
tory Co., Ltd., Shizuoka, Japan). The samples were suspended in guanidine thiocyanate solu-
tion [100 mM Tris-HCI (pH 9.0), 40 mM Tris-EDTA (pH 8.0), and 4 M guanidine
thiocyanate] and stored at -80°C until DNA extraction. Frozen fecal solids were beaten with
zirconia beads at 5 m/s for 2 min using FastPrep 24 (MP Biomedicals, Santana Ana, CA, USA).
DNA was extracted from 200 pL of the suspension using a Magtration System 12 GC (Preci-
sion System Science, Japan) and MagdDEA DNA 200 (Precision System Science) as the
reagent for automatic nucleic acid extraction.

Next-generation sequence analysis and 16S rDNA-based taxonomic
analysis

Fecal samples were analyzed for a series of representative bacteria in the human gut microbiota
using primers for the V3-V4 hypervariable region of the 16S rDNA of prokaryotes, according
to previous studies [17, 18]. Sequencing was performed using an Illumina MiSeq system (Illu-
mina, San Diego, CA, USA). Quality filtering was performed as follows: only reads that had
quality value scores > 20 for more than 99% of the sequence were extracted for the analysis.
Bacterial sequences were detected and identified using Metagenome@KIN software (World
Fusion Co., Tokyo, Japan) and the TechnoSuruga Lab Microbial Identification database
DB-BA 10.0 (TechnoSuruga Laboratory) at 97% sequence similarity. A linear discriminant
analysis effect size (LEfSe) was performed to compare the microbiota features between the
MAFLD and non-fatty liver groups (Normal). LEfSe scores measure the consistency of differ-
ences in relative abundance between taxa in both groups with a higher score indicating higher
consistency.

Statistical analysis

Statistical analyses of clinical data were performed using EZR [19]. The Mann-Whitney U
test was used for comparisons between two groups of continuous variables, and one-way
analysis of variance was used for comparisons between multiple groups. Fisher’s exact test
was used to compare ratios between groups. Spearman’s rank correlation coefficients were
used to correlate two continuous variables, and logistic regression analysis was used for
multivariate analysis of binary variables. A p-value<0.05 was considered statistically signifi-
cant. LEfSe combines the Kruskal-Wallis test or pairwise Wilcoxon rank-sum test with
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linear discriminant analysis (LDA). LEfSe also ranks the features by effect size, thus identi-
fying features that explain most of the biological differences. LEfSe analysis was performed
using the following conditions: o = 0.01, and threshold of the logarithmic LDA score for
discriminative features = 2.0 [20].

Results
Characteristics of participants

Of the 950 participants, 402 (42.3%) participants were male. The median age of the cohort was
52 (39-65) years, and the median BMI, waist circumference, alcohol intake, and HbAlc were
22.5(20.2-24.8) kg/m2, 83.8 (76.9-90.3) cm, 1.17 (0-17.57) g/day, and 5.7% (5.4-5.9%),
respectively (Table 1). Based on the CAP values, 310 subjects were diagnosed with fatty liver.
The percentage of participants with hypertension and diabetes was 44% and 5.9%, respectively.
In non-invasive scores, the median values were as follows: fatty liver index: 14.4 (6.0-36.4);
CAP, 219 (185-262) dB /m; LSM, 4.3 (3.5-5.4) kPa, and FAST score, 0.058 (0.030-0.103).
Healthy, MAFLD, NAFLD, overlap, and non-MAFLD/non-NAFLD groups included 640, 273,
234,202, and 5 participants, respectively (Fig 2).

Examination of MAFLD

In comparison with participants without fatty liver (healthy), those with MAFLD had signifi-
cant differences in age, percentage of males, hepatobiliary enzyme, indices of liver fibrosis and
steatosis, and items related to metabolic abnormalities, which are included in MAFLD criteria
(Table 2). BMI, waist circumference, prevalence of hypertension and diabetes, fatty liver
index, and serum levels of uric acid, y-GTP, and triglycerides were significantly higher in par-
ticipants with MAFLD than those in participants with NAFLD. Furthermore, the proportion
of participants with MAFLD in the fatty liver was higher than that with NAFLD (88.1% vs.
75.5%, respectively). When participants with MAFLD were divided into three groups accord-
ing to the number of risk factors of MAFLD diagnostic criteria, participants with one, two,
and three risk factors included 77 (28.2%), 167 (61.2%), and 29 (10.6%) participants, respec-
tively. In factor-specific examination, obesity, diabetes, and metabolic dysregulation were
noted in 221 (81.0%), 37 (13.6%), and 240 (87.1%) participants, respectively. A total of 106
(38.8%) participants had both obesity and metabolic dysregulation, and the combination was
the most frequent (Fig 3). In comparison with the number of risk factors, the indices of liver
steatosis—such as the fatty liver index and CAP—increased as the number of factors increased
(Table 3). To examine the effects of diet on MAFLD, we found that the total intake of energy,
protein, dietary fiber, and salt in participants with MAFLD was significantly higher than that
in participants without fatty liver (Table 4). Additionally, we evaluated and compared the
energy and nutrient intake between normal subjects and subjects with NAFLD (Table 5) and
between subjects with MAFLD and NAFLD (Table 6) using the BDHQ. There were no signifi-
cant differences in energy and nutrient intake in all groups; however, alcohol intake was signif-
icantly different between participants with MAFLD and NAFLD. The results of LEfSe analysis
revealed six bacterial genera that were overrepresented and three genera that were underrepre-
sented in participants with MAFLD compared with those without fatty liver (Fig 4A). Of these
genera, the relative abundance of Blautia was especially low in participants with MAFLD.
Meanwhile, Lactobacillus and Lactobacillaceae were more abundant in participants with
MAFLD than that in those with NAFLD (Fig 4B). After excluding 202 overlapping partici-
pants, LEfSe analysis did not reveal any significant differences between participants with
MAFLD and NAFLD (Fig 4C).
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Table 1. Characteristics of participants.

n
Age (years)
Gender, Male (%)
BMI (kg/m?)
Waist circumference
(cm)
Diabetes (%)
Hypertension (%)
Alcohol intake (g/day)
Platelet count (x10*/ uL)
BUN (mg/dL)
Uric acid (mg/dL)
Creatinine (mg/dL)
Total bilirubin (mg/dL)
AST (U/L)
ALT (U/L)
GGT (U/L)
Total protein (g/dL)
Albumin (g/dL)
HbAlc (%)
HOMA-IR
Glucose (mg/dL)

Total cholesterol (mg/
dL)

Triglyceride (mg/dL)

LDL-cholesterol (mg/
dL)

HDL-cholesterol (mg/
dL)

M2BPGi C.0.1
NAFLD fibrosis score

FIB-4 index
Fatty liver index
CAP (dB/m)
LSM (kPa)
FAST score

FAST score>0.35

All

950
52 (39-65)
402 (42.3%)
22.5 (20.2-24.8)
83.8 (76.9-90.3)

56 (5.9%)
418 (44%)
1.17 (0-17.57)
25.7 (22.5-29.8)
13.6 (11.2-16.3)
4.9 (4.1-6.0)
0.64 (0.55-0.76)
0.8 (0.7-1.0)
21 (17-25)
18 (13-25)
21 (15-38)
7.1 (6.8-7.3)
4.4 (4.2-4.6)
5.7 (5.4-5.9)
1.10 (0.81-1.57)
92 (86-99.8)
202 (178-225)

79 (56-114)
116 (95-136)

63 (54-75)

0.51 (0.36-0.72)

213 (-3.22 -
-1.09)

0.94 (0.66-1.42)

14.4 (6.0-36.4)

219 (185-262.8)
4.3 (3.5-5.4)

0.058 (0.030-
0.103)

36 (3.8%)

Normal

640
51 (38-64)
244 (38.13%)
21.5 (19.6-23.4)
80.4 (74.9-86.4)

19 (2.97%)
239 (37.3%)
1.2 (0-17.6)

25.9 (22.4-29.5)
13.7 (11.2-16.2)
4.7 (4.0-5.7)
0.63 (0.54-0.75)
0.8 (0.7-1.0)

20 (17-24)
16 (12-22)
20 (14-32)
7.1 (6.8-7.3)
4.4 (4.2-4.6)
5.6 (5.4-5.8)

0.98 (0.72-1.29)

90 (84-96)

199 (175-224)

69 (51-99)
113 (92-134)

66 (56-79)

0.48 (0.32-0.67)

227 (-3.39 -
-1.27)

0.93 (0.65-1.41)
9.4 (4.3-21.3)
197 (166-220)
4.1 (3.4-5.2)

0.046 (0.024-
0.081)

6 (0.9%)

MAFLD

273
58 (44-68)
144 (52.7%)
25.2 (23.5-27.5)
91.1 (86.5-97.5)

37 (13.6%)
174 (63.7%)
1.3 (0-20.8)
25.3 (22.4-30.0)
13.5 (11.4-16.8)
5.5 (4.7-6.5)
0.67 (0.57-0.77)
0.8 (0.6-1)
23 (19-29)
23 (17-36)
30 (19-53)
7.1 (6.9-7.4)
4.4 (4.2-4.6)
5.8 (5.6-6.1)
1.59 (1.12-2.37)
97 (91-108)
207 (88-228)

105 (79-154)
121 (106-141)

57 (48-66)

0.61 (0.44-0.82)

-1.64 (-2.77 -
-0.58)

1.00 (0.68-1.47)
42.3 (21.0-64.3)
288 (266-313)
4.6 (3.8-5.8)

0.100 (0.057-
0.205)

29 (10.6%)

NAFLD

234
58 (42-68)
97 (41.5%)
24.6 (22.5-27.0)
89.4 (85-96)

29 (12.4%)
121 (51.7%)
0 (0-4.8)
25.4 (22.8-30.7)
13.3 (11.3-16.6)
5.0 (4.2-6.1)
0.65 (0.56-0.76)
0.8 (0.6-1.0)
21 (18-27)
22 (16-33)
24.5 (18-38.8)
7.1 (6.9-7.4)
4.4 (4.2-4.6)
5.8 (5.6-6.1)
1.57 (1.11-2.38)
95 (89-107.8)

204 (184.3-
227.8)

94.5 (67-130)
120 (106-141.8)

58 (48-70)

0.61 (0.43-0.80)

-1.93 (-2.82 -
-0.71)

0.95 (0.63-1.43)
30.4 (15.3-55.2)
285 (263-309)
4.6 (3.7-5.8)

0.084 (0.045-
0.181)

23 (9.8%)

Overlap

202
59 (44-68)
86 (42.6%)
25.2 (23.4-27.6)
91.0 (86.0-97.1)

29 (14.36%)
118 (58.4%)
0(0-4.2)
25.3 (22.8-30.7)
13.5 (11.5-17.0)
5.1 (4.4-6.1)
0.65 (0.58-0.76)
0.8 (0.6-1.0)
22 (19-28)
23 (16.3-36)
26 (19-39.8)
7.1(6.9-7.4)
4.4 (4.2-4.6)
5.9 (5.6-6.2)
1.67 (1.22-2.6)
97 (91-110.8)
186.3 (186.3-228)

97 (73-141)
121 (108-142)

56.5 (47-67.8)

0.65 (0.46-0.83)

-1.59 (-2.77 -
-0.57)

1.01 (0.65-1.48)
35.0 (18.8-59.1)
288 (264.3-312.8)
4.6 (3.7-5.9)

0.091 (0.050-
0.189)

22 (10.9%)

Fatty liver with non MAFLD and non
NAFLD

5
56 (49-60)
3 (60%)
22.2 (21.5-22.4)
81.4 (80.5-83.4)

0 (0%)

2 (40%)
38.5 (33.1-50.8)
23.2 (22.9-25.0)
12.9 (10.6-15.7)

5.5 (4.9-5.5)
0.69 (0.64-0.81)
1.1 (0.8-1.5)
19 (19-20)

15 (12-16)
22 (20-28)
6.9 (6.6-6.9)
43 (4.3-4.4)
5.5 (5.3-5.6)
0.72 (0.71-0.90)
93 (92-96)
207 (194-209)

55 (54-56)
109 (103-133)

71 (70-88)

0.4 (0.4-0.65)
-1.95 (-2.09 - -1.00)

1.21 (1.21-1.23)
9.3 (8.4-10.1)
271 (262-272)

3.8 (3.6-3.9)
0.052 (0.048-0.056)

0 (0%)

Data are presented as number (percentage) or median (range). ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood

urea nitrogen; CAP, controlled attenuation parameter; FAST, FibroScan-aspartate aminotransferase; FIB-4, fibrosis-4; GGT, y-glutamyl transpeptidase; HbAlc,

hemoglobin Alc; HDL, high density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low density lipoprotein; LSM, liver stiffness

measurement; NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic dysfunction-associated fatty liver disease; M2BPGi C.O.I, macrophage galactose-specific

lectin-2 binding protein glycosylation isomer cut off index

https://doi.org/10.1371/journal.pone.0277930.t001
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Normal (n=640) Fatty Liver(n=310)
NAFLD o MAFLD
(n=234) (n=273)
Overlap
(n=202)

non—-NAFLD/non—-MAFLD (n=5)

Fig 2. Grouping of the study participants.
https://doi.org/10.1371/journal.pone.0277930.g002

Evaluation of liver fibrosis using FAST score

A total of 36 participants had a FAST score > 0.35; of them, 29 (80.6%) participants had
MAFLD, and 23 (63.9%) participants had NAFLD (Table 1). In the comparison of MAFLD
according to the number of risk factors, 2 (5.6%) participants with one risk factor, 23 (13.8%)
participants with two risk factors, and 4 (13.8%) participants with three risk factors had liver
fibrosis (Fig 3). Of the 29 participants with liver fibrosis, 26 (89.7%) had obesity and metabolic
dysregulation.

Assessment of risk factors for liver fibrosis

Analysis of the correlation between the eight items associated with the diagnostic criteria for
MAFLD and the FAST score revealed that only HDL-cholesterol was significantly negatively
correlated, while the other seven items were significantly positively correlated (Table 7). In
multivariate analysis, obesity (odds ratio, [OR]: 7.24, 95% confidence interval [CI]: 2.43-21.6,
p<0.01) and metabolic dysregulation (OR: 3.19, 95% CI: 1.06-9.59, p = 0.039) were identified
as independent factors associated with a FAST score > 0.35 (Table 8).

Discussion

We found that, in participants with fatty liver, those with MAFLD had a higher proportion
than those with NAFLD, and the criteria of MAFLD could identify participants with liver
fibrosis more accurately than those with NAFLD in the resident health survey. Furthermore,
multivariate analysis revealed that obesity and metabolic dysfunction are significant risk fac-
tors for liver fibrosis. In the evaluation of diet, total energy, protein, dietary fiber, and salt
intake were significantly higher in participants with MAFLD than in those without fatty liver.
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Table 2. Comparisons of MAFLD, healthy, and NAFLD groups.

MAFLD Normal NAFLD p Value p Value
MAFLD vs. Normal MAFLD vs. NAFLD
n 273 640 234

Age (years) 58 (44-68) 51 (38-64) 58 (42-68) <0.01 0.471
Gender, Male (%) 144 (52.7%) 244 (38.13%) 97 (41.5%) <0.01 <0.05
BMI (kg/m?) 25.2 (23.5-27.5) 21.5(19.6-23.4) 24.6 (22.5-27.0) <0.01 <0.05
Waist circumference (cm) 91.1 (86.5-97.5) 80.4 (74.9-86.4) 89.4 (85-96) <0.01 <0.05
Diabetes (%) 37 (13.6%) 19 (2.97%) 29 (12.4%) <0.01 0.791
Hypertension (%) 174 (63.7%) 239 (37.3%) 121 (51.7%) <0.01 <0.05
Alcohol intake (g/day) 1.34 (0-20.77) 1.2 (0-17.6) 0(0-4.8) 0.845 <0.05
Platelet count (x10*/uL) 25.3 (22.4-30.0) 25.9 (22.4-29.5) 25.4 (22.8-30.7) 0.935 0.422
BUN (mg/dL) 13.5 (11.4-16.8) 13.7 (11.2-16.2) 13.3 (11.3-16.6) 0.625 0.691
Uric acid (mg/dL) 5.5 (4.7-6.5) 4.7 (4.0-5.7) 5.0 (4.2-6.1) <0.01 <0.05
Creatinine (mg/dL) 0.67 (0.57-0.77) 0.63 (0.54-0.75) 0.65 (0.56-0.76) <0.01 0.176
Total bilirubin (mg/dL) 0.8 (0.6-1) 0.8 (0.7-1.0) 0.8 (0.6-1.0) <0.05 0.57
AST (U/L) 23 (19-29) 20 (17-24) 21 (18-27) <0.01 0.079

ALT (U/L) 23 (17-36) 16 (12-22) 22 (16-33) <0.01 0.078
GGT (U/L) 30 (19-53) 20 (14-32) 24.5(18-38.8) <0.01 <0.05

Total protein (g/dL) 7.1(6.9-7.4) 7.1(6.8-7.3) 7.1 (6.9-7.4) 0.314 0.95
Albumin (g/dL) 4.4 (4.2-4.6) 4.4 (4.2-4.6) 4.4 (4.2-4.6) 0.528 0.886
HbAlc (%) 5.8 (5.6-6.1) 5.6 (5.4-5.8) 5.8 (5.6-6.1) <0.01 0.844
HOMA-IR 1.59 (1.12-2.37) 0.98 (0.72-1.29) 1.57 (1.11-2.38) <0.01 0.909
Glucose (mg/dL) 97 (91-108) 90 (84-96) 95 (89-107.8) <0.01 0.169
Total cholesterol (mg/dL) 207 (88-228) 199 (175-224) 204 (184.3-227.8) <0.01 0.518
Triglyceride (mg/dL) 105 (79-154) 69 (51-99) 94.5 (67-130) <0.01 <0.05
LDL-cholesterol (mg/dL) 121 (106-141) 113 (92-134) 120 (106-141.8) <0.01 0.892
HDL-cholesterol (mg/dL) 57 (48-66) 66 (56-79) 58 (48-70) <0.01 0.38
M2BPGi C.O.1 0.61 (0.44-0.82) 0.48 (0.32-0.67) 0.61 (0.43-0.80) <0.01 0.529
Fatty liver index 42.30 (21.03-64.29) 9.43 (4.34-21.29) 30.38 (15.31-55.24) <0.01 <0.05
FIB-4 index 1.00 (0.68-1.47) 0.93 (0.65-1.41) 0.95 (0.63-1.43) 0.22 0.327

CAP (dB/m) 288 (266-313) 197 (166-220) 285 (263-309) <0.01 0.406

LSM (kPa) 4.6 (3.8-5.8) 4.1(3.4-5.2) 4.6 (3.7-5.8) <0.01 0.507

FAST score 0.100 (0.057-0.205) 0.046 (0.024-0.081) 0.084 (0.045-0.181) <0.01 0.073

FAST score>0.35 29 (10.6%) 6 (0.9%) 23 (9.8%) <0.01 0.883

Data are presented as number (percentage) or median (range). ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood
urea nitrogen; CAP, controlled attenuation parameter; FAST, FibroScan-aspartate aminotransferase; FIB-4, fibrosis-4; GGT, y-glutamyl transpeptidase; HbAlc,
hemoglobin Alc; HDL, high density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low density lipoprotein; LSM, liver stiffness

measurement; M2BPGi C.0.1, macrophage galactose-specific lectin-2 binding protein glycosylation isomer cut off index

https://doi.org/10.1371/journal.pone.0277930.1002

Additionally, in microbiota analysis, a significant decrease in the relative abundance of Blautia
was observed in those with MAFLD.

Our study found that the proportion of participants with MAFLD in the fatty liver group
was higher than that of participants with NAFLD. A previous study in a resident health survey
demonstrated that the prevalence of MAFLD in fatty liver was higher than that of NAFLD
(94.3% vs. 73.8%, respectively) [21]. Furthermore, the study demonstrated that MAFLD crite-
ria were superior to NAFLD criteria in detecting participants with significant liver fibrosis (68
vs. 48 of 2254 participants) [21]. Similarly, in the this study, the MAFLD criteria were able to
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Fig 3. Flowchart of risk factors and number of risk factors in MAFLD.
https://doi.org/10.1371/journal.pone.0277930.g003

detect more participants with liver fibrosis. The NAFLD criteria are based on the exclusion of
alcohol-related diseases, autoimmune hepatitis, and viral hepatitis, whereas the MAFLD crite-
ria are based on the inclusion of obesity, metabolic dysregulation, and diabetes, which are asso-
ciated with liver fibrosis. Significant correlations were observed between the FAST score for
predicting liver fibrosis and all items in the MAFLD criteria in the current study. Therefore,
these results revealed the reason MAFLD criteria helped identify more participants at risk for
liver fibrosis than the NAFLD criteria.

Obesity and metabolic dysregulation were significant independent factors for liver fibrosis
in multivariate analysis in this study. A previous study found that obesity and weight gain
increased the risk of liver fibrosis and that markers of liver fibrosis decreased in patients with
weight loss [4]. Another study used transient elastography during health checkups and
revealed that the complications of metabolic syndrome affected an increase in liver stiffness
[5]. Furthermore, the current study revealed that approximately 90% of participants with
MAFLD and liver fibrosis had obesity and metabolic dysregulation. Obesity and metabolic
dysregulation are both closely associated with liver fibrosis. Therefore, in terms of detecting
liver fibrosis, the MAFLD criteria could be superior to the NAFLD criteria in resident health
surveys.

Diabetes was not a significant factor in the multivariate analysis of liver fibrosis in this
study. However, recent evidence suggests that patients with diabetes are at a higher risk of
developing liver fibrosis [22]. Previous studies have demonstrated that HbA1lc was signifi-
cantly higher in those with liver fibrosis than those without liver fibrosis [23], and HbAlc
increased with the progression of liver fibrosis [24]. Furthermore, another study reported that
insulin resistance plays an important role in the progression of liver fibrosis [25]. In the cur-
rent study, diabetes was also a significant factor for liver fibrosis in univariate analysis and was
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Table 3. Comparison by number of risk factors in MAFLD.

Number of risk factor in MAFLD One Two Three p Value
n 77 167 29
Age (years) 56 (44-66) 59 (44-68) 65 (44-69) 0.447
Gender, Male (%) 32 (41.6%) 97 (58.1%) 15 (51.7%) 0.055
BMI (kg/mz) 22.7 (21.8-24.1) 25.9 (25.9-28.1) 26.6 (25.1-30.2) <0.01
Waist circumference (cm) 85.2 (82.7-88.6) 94.2 (89.2-100.0) 94.4 (90.9-98.8) <0.01
Diabetes (%) 1(1.3%) 7 (4.2%) 29 (100%) <0.01
Hypertension (%) 35 (45.5%) 116 (69.5%) 23 (79.3%) <0.01
Alcohol intake (g/day) 1.14 (0-20.58) 2.23(0-21.28) 0 (0-14.64) 0.976
Platelet count (><104/pL) 25.4 (23.4-29.9) 25.3(22.3-30.0) 23.2(20.3-31.2) 0.387
BUN (mg/dL) 13.6 (11.3-16.6) 13.2 (11.4-16.75) 14.3 (12.4-18.3) 0.148
Uric acid (mg/dL) 5.0 (4.2-5.9) 5.9 (4.8-6.9) 5.2 (4.4-5.9) <0.01
Creatinine (mg/dL) 0.67 (0.57-0.75) 0.69 (0.58-0.78) 0.64 (0.59-0.79) <0.05
Total bilirubin (mg/dL) 0.9 (0.7-1.0) 0.8 (0.6-1.0) 0.8 (0.6-1.0) 0.768
AST (U/L) 21 (19-26) 24 (20-30.5) 20 (18-24) 0.059
ALT (U/L) 21 (14-25) 27 (19-40) 23 (17-35) <0.01
y-GTP (U/L) 21 (16-43) 31 (21-55) 32 (21-53) 0.141
Total protein (g/dL) 7.1(6.8-7.3) 7.1 (6.9-7.4) 7.0 (6.9-7.4) 0.964
Albumin (g/dL) 4.5 (4.3-4.6) 4.4 (4.2-4.6) 4.2 (4.0-4.4) <0.01
HbAlc (%) 5.6 (5.4-5.8) 5.8 (5.6-6.1) 7.5 (6.6-8.8) <0.01
HOMA-IR 1.21 (0.99-1.51) 1.75 (1.25-2.40) 2.99 (1.81-4.55) <0.01
Glucose (mg/dL) 93 (87-99) 97 (92-106) 139 (122-155) <0.01
Total cholesterol (mg/dL) 208 (190-239) 207 (185.5-225) 204 (186-223) 0.13
Triglyceride (mg/dL) 97 (71-140) 109 (81-156) 124 (89-184) 0.16
LDL-cholesterol (mg/dL) 121 (101-142) 121 (107-141) 121 (108-135) 0.871
HDL-cholesterol (mg/dL) 65 (55-75) 55 (47-63.5) 52 (40-56) <0.01
M2BPGi C.O.I 0.59 (0.42-0.74) 0.59 (0.44-0.82) 0.78 (0.67-0.95) <0.01
NAFLD fibrosis score 222 (-2.96 - -1.34) -1.48 (-2.63 - -0.51) -0.46 (-2.02 - -0.19) <0.01
FIB-4 index 1.00 (0.69-1.44) 0.97 (0.69-1.48) 1.22 (0.65-1.57) 0.274
Fatty liver index 21.0 (13.1-32.3) 50.0 (31.6-69.1) 54.6 (41.7-86.1) <0.01
CAP (dB/m) 271 (260-287) 294 (269.5-318) 317 (281-339) <0.01
LSM (kPa) 4.1 (3.3-4.9) 4.8 (4.1-6.1) 5.6 (4.6-7.4) <0.01
FAST score 0.075 (0.044-0.116) 0.132 (0.065-0.225) 0.1137 (0.061-0.224) <0.01
FAST=0.35 2(2.6%) 23 (13.8%) 4 (13.8%) <0.05

Data are presented as number (percentage) or median (range). ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood
urea nitrogen; CAP, controlled attenuation parameter; FAST, FibroScan-aspartate aminotransferase; FIB-4, fibrosis-4; GGT, y-glutamyl transpeptidase; HbAlc,
hemoglobin Alc; HDL, high density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low density lipoprotein; LSM, liver stiffness
measurement; M2BPGi C.0.1, macrophage galactose-specific lectin-2 binding protein glycosylation isomer cut off index

https://doi.org/10.1371/journal.pone.0277930.1003

correlated with the FAST score. However, diabetes was no longer a significant factor in the
multivariate analysis after adjusting for obesity and metabolic dysregulation. This is because
the participants in this health survey had better glycemic control and lower insulin resistance
than those in other studies. Therefore, there were fewer participants with advanced liver fibro-
sis caused by diabetes in the healthy general population. According to a resident health survey,
diabetes might not be a good indicator of liver fibrosis.

A study of the US population revealed that the prevalence of MAFLD and NAFLD is high
(39.1% and 37.1%, respectively) [26]. Another study showed that the prevalence of liver
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Table 4. Comparison of energy and nutrient intake between normal subjects and subjects with MAFLD.

n
Energy intake (kcal/kg-IBW)
Carbohydrate (g/kg-IBW)
Total fat (g/kg-IBW)
Animal-based fat (g/kg-IBW)
Plant-based fat (g/kg-IBW)

Total protein (g/kg-IBW)
Animal-based protein (g/kg-IBW)
Plant-based protein (g/kg-IBW)
Saturated fatty acid (g/kg-IBW)
Monounsaturated fatty acid (g/kg-IBW)
Polyunsaturated fatty acid (g/kg-IBW)
Cholesterol (mg/kg-IBW)

Total dietary fiber (g/kg-IBW)
Soluble dietary fiber (g/kg-IBW)
Insoluble dietary fiber (g/kg-IBW)
Salt (g/kg-IBW)

Ethanol (g/kg-IBW)

Normal
640

30.8 (25.6-37.4)

4.0 (3.2-5.0)
0.89 (0.70-1.11)
0.40 (0.31-0.54)
0.47 (0.36-0.61)
1.11 (0.93-1.47)
0.62 (0.48-0.85)
0.49 (0.39-0.61)
0.23 (0.17-0.30)
0.31 (0.25-0.40)
0.22 (0.18-0.28)

6.1 (4.4-8.2)
0.17 (0.13-0.22)

0.043 (0.032-0.059)

0.12 (0.10-0.16)
0.18 (0.14-0.22)
0.021 (0-0.28)

MAFLD
273

32.3 (26.4-39.5)

4.1 (3.5-5.1)
0.88 (0.69-1.17)
0.42 (0.30-0.57)
0.47 (0.34-0.59)
1.24 (0.94-1.52)
0.67 (0.47-0.93)
0.53 (0.42-0.64)
0.23 (0.17-0.31)
0.31 (0.24-0.41)
0.23 (0.18-0.29)

6.5 (4.3-8.6)
0.19 (0.14-0.25)

0.047 (0.034-0.062)

0.13 (0.10-0.17)
0.19 (0.15-0.24)
0.021 (0-0.36)

Data are presented as median (range). IBW, ideal body weight; MAFLD, metabolic dysfunction-associated fatty liver disease

https://doi.org/10.1371/journal.pone.0277930.1004

p Value

<0.05
0.067
0.779
0.326
0.508
<0.05
0.123
<0.05
0.82
0.993
0.544
0.562
<0.05
0.05
<0.05
<0.05
0.896

steatosis was 33.7% [27], which is higher than that in our study. The difference may be attrib-
uted to the differences in the characteristics of subjects, such as BMI, ethnicity, laboratory

parameters, and diagnostic cutoff value of CAP.

Table 5. Comparison of energy and nutrient intake between normal subjects and subjects with MAFLD.

n
Energy intake (kcal/kg-IBW)
Carbohydrate (g/kg-IBW)

Total fat (g/kg-IBW)
Animal-based fat (g/kg-IBW)
Plant-based fat (g/kg-IBW)
Total protein (g/kg-IBW)
Animal-based protein (g/kg-IBW)
Plant-based protein (g/kg-IBW)
Saturated fatty acid (g/kg-IBW)
Monounsaturated fatty acid (g/kg-IBW)
Polyunsaturated fatty acid (g/kg-IBW)
Cholesterol (mg/kg-IBW)

Total dietary fiber (g/kg-IBW)
Soluble dietary fiber (g/kg-IBW)
Insoluble dietary fiber (g/kg-IBW)
Salt (g/kg-IBW)

Ethanol (g/kg-IBW)

Data are presented as median (range). IBW, ideal body weight; NAFLD, nonalcoholic fatty liver disease

https://doi.org/10.1371/journal.pone.0277930.t005

Normal
640

30.8 (25.6-37.4)

4.0 (3.2-5.0)
0.89 (0.70-1.11)
0.40 (0.31-0.54)
0.47 (0.36-0.61)
1.11 (0.93-1.47)
0.62 (0.48-0.85)
0.49 (0.39-0.61)
0.23 (0.17-0.30)
0.31 (0.25-0.40)
0.22 (0.18-0.28)

6.1 (4.4-8.2)
0.17 (0.13-0.22)

(
(
(
(

0.043 (0.032-0.059)

0.12 (0.10-0.16)
0.18 (0.14-0.22)
0.02 (0-0.28)

NAFLD
234

31.6 (25.4-38.4)

4.1 (3.5-5.1)
0.90 (0.72-1.17)
0.43 (0.31-0.57)
0.47 (0.36-0.60)
1.21 (0.93-1.54)
0.67 (0.47-0.95)
0.52 (0.41-0.63)
0.24 (0.18-0.31)
0.32 (0.25-0.40)
0.23 (0.18-0.28)

6.5 (4.4-8.7)
0.19 (0.14-0.25)

0.049 (0.033-0.062)

0.14 (0.10-0.17)
0.18 (0.15-0.24)
0.00 (0-0.08)

p Value

0.908
0.141
0.373
0.191
0.968
0.089
0.187
0.095
0.271
0.546
0.490
0.303
0.022
<0.05
<0.05
0.057
<0.05
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Table 6. Comparison of energy and nutrient intake between subjects with MAFLD and NAFLD.

MAFLD NAFLD p Value
n 273 234

Energy intake (kcal/kg-IBW) 32.3 (26.4-39.5) 31.6 (25.4-38.4) 0.11
Carbohydrate (g/kg-IBW) 4.1 (3.5-5.1) 4.1 (3.5-5.1) 0.842
Total fat (g/kg-IBW) 0.88 (0.69-1.17) 0.90 (0.72-1.17) 0.645
Animal-based fat (g/kg-IBW) 0.42 (0.30-0.57) 0.43 (0.31-0.57) 0.789
Plant-based fat (g/kg-IBW) 0.47 (0.34-0.59) 0.47 (0.36-0.60) 0.541
Total protein (g/kg-IBW) 1.24 (0.94-1.52) 1.21 (0.93-1.54) 0.908
Animal-based protein (g/kg-IBW) 0.67 (0.47-0.93) 0.67 (0.47-0.95) 0.996
Plant-based protein (g/kg-IBW) 0.53 (0.42-0.64) 0.52 (0.41-0.63) 0.82
Saturated fatty acid (g/kg-IBW) 0.23 (0.17-0.31) 0.24 (0.18-0.31) 0.471
Monounsaturated fatty acid (g/kg-IBW) 0.31 (0.24-0.41) 0.32 (0.25-0.40) 0.639
Polyunsaturated fatty acid (g/kg-IBW) 0.23 (0.18-0.29) 0.23 (0.18-0.28) 0.944
Cholesterol (mg/kg-IBW) 6.5 (4.3-8.6) 6.5 (4.4-8.7) 0.699

Total dietary fiber (g/kg-IBW) 0.19 (0.14-0.25) 0.19 (0.14-0.25) 0.865
Soluble dietary fiber (g/kg-IBW) 0.047 (0.034-0.062) 0.049 (0.033-0.062) 0.92
Insoluble dietary fiber (g/kg-IBW) 0.13 (0.10-0.17) 0.14 (0.10-0.17) 0.817
Salt (g/kg-IBW) 0.19 (0.15-0.24) 0.18 (0.15-0.24) 0.407
Ethanol (g/kg-IBW) 0.02 (0-0.36) 0.00 (0-0.08) <0.05

Data are presented as median (range). IBW, ideal body weight; MAFLD, metabolic dysfunction-associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease

https://doi.org/10.1371/journal.pone.0277930.t006

In this study, participants with MAFLD had a significantly higher total energy intake than
those without fatty liver. A previous study that compared participants with NAFLD and those
without fatty liver reported that those with NAFLD had a higher total energy intake [28]. This
is closely associated with an increase in BMI, glucose intolerance, and metabolic dysregulation,
which are the diagnostic criteria for MAFLD [29, 30]. Furthermore, salt intake was signifi-
cantly higher in participants with MAFLD in the present study. Previous reports also found
that excessive salt intake is associated with increased BMI, blood pressure, and waist circum-
ference and increases the risk of NAFLD [31-33], BMI, blood pressure, and waist circumfer-
ence were included in the MAFLD diagnostic criteria, and higher total energy and salt intake
were associated with an increased risk of MAFLD.

LEfSe analysis demonstrated that the relative abundance of Blautia was significantly lower
in participants with MAFLD in comparison with those without fatty liver, whereas its relative
abundance was not significantly different between participants with MAFLD and NAFLD.
Previous studies have demonstrated that Blautia produces acetic acid and butyric acid, which
leads to a reduction in obesity by regulating G-protein-coupled receptors [34, 35]. Another
study demonstrated that Blautia was inversely associated with the visceral fat area [36]. In the
current study, the relative abundance of Blautia was lower and BMI was higher in participants
with MAFLD in comparison with those without fatty liver. The relative abundance of Blautia
could be associated with fat accumulation and BMI, which might be related to the pathogenesis
of MAFLD.

This study had several limitations. First, we did not use histological evaluation with liver
biopsy, which is the gold standard method for diagnosing fatty liver and liver fibrosis. How-
ever, a liver biopsy is an invasive procedure. Therefore, it would have been unethical to con-
duct the health survey. Transient elastography is an effective non-invasive alternative for
evaluating fatty liver and liver fibrosis [37]; therefore, we used it in this study. Second, we used
the FAST score to evaluate fibrosis. Although the FAST score can identify patients at risk of
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Fig 4. a: Result of the LEfSe analysis between MAFLD and healthy participants. b: Result of LEfSe analysis of participants with and without NAFLD. c:
Result of LEfSe analysis of participants with NAFLD and MAFLD.

https://doi.org/10.1371/journal.pone.0277930.g004
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Table 7. Correlation with FAST score.

r p Value
BMI (kg/m?) 0.342 <0.01
HbA1lc (%) 0.231 <0.01
Waist circumference (cm) 0.374 <0.01
Systolic blood pressure (mmHg) 0.359 <0.01
Triglyceride (mg/dL) 0.304 <0.01
HDL-cholesterol (mg/dL) -0.094 <0.01
HOMA-IR 0.226 <0.01
CRP (mg/dL) 0.274 <0.01

BMI, body mass index; CRP, C-reactive protein; HbAlc, hemoglobin Alc; HDL, high density lipoprotein;

HOMA-IR, homeostasis model assessment of insulin resistance

https://doi.org/10.1371/journal.pone.0277930.t007

Table 8. Multivariate analysis results for risk factors with FAST score > 0.35.

Variables Multivariable
OR 95% CI p Value
Obesity 7.24 2.43-21.6 <0.01
Metabolic dysregulation 3.19 1.06-9.59 0.039
Diabetes 1.51 0.55-4.14 0.426

CI, confidence interval; OR, odds ratio

https://doi.org/10.1371/journal.pone.0277930.t008

progressive NASH, elevated NAFLD activity, and significant fibrosis (score >2) in NAFLD
patients, its ability to pick up the patients with MAFLD and NAFLD in the general population has
not been established. However, a recent cohort study demonstrated the FAST score can be used to
stratify disease severity of MAFLD and NAFLD in health examination [21]. In the current study,
most of subjects with positive FAST score were diagnosed as having either MAFLD or NAFLD.
Additionally, the FAST score alone was used to evaluate patients with MAFLD and NAFLD.

Conclusions

In a resident health survey, participants with MAFLD had a higher proportion of fatty liver
than those with NAFLD. The MAFLD criteria could help identify participants with liver fibro-
sis at a higher rate. Therefore, the MAFLD criteria could be a useful diagnostic tool for aggres-
sively identifying participants at high risk of fatty liver. Furthermore, obesity and metabolic
dysregulation are significantly associated with liver fibrosis. The MAFLD criteria, which
include both obesity and metabolic dysregulation, are considered useful in detecting liver
fibrosis. In the microbiota analysis, Blautia might be one of the causes of MAFLD.
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