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Comparison of the role of alcohol 
consumption and qualitative 
abdominal fat on NAFLD 
and MAFLD in males and females
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Hiroyuki Ueda1,3, Tomoyuki Kawaguchi1,3, Akira Fukuya1,3, Kaizo Kagemoto1, 
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Hiroshi Miyamoto1, Yasushi Sato1, Masahiko Nakasono4 & Tetsuji Takayama1

The clinical difference between nonalcoholic fatty liver disease (NAFLD) and metabolic-associated 
fatty liver disease (MAFLD) between the two sexes is unclear. This study aimed to determine the 
influences of alcohol consumption and qualitative abdominal fat between male and female patients 
with NAFLD and MAFLD. This cross-sectional study examined 11,766 participants who underwent 
health check-ups comparing lifestyle habits, biochemical features, and noninvasive liver fibrosis 
scores, between non-MAFLD and MAFLD groups. Furthermore, differences in alcohol consumption 
and qualitative abdominal fat were examined between male and female patients with NAFLD and 
MAFLD. The prevalence of metabolic dysregulation, ratio of visceral fat area to subcutaneous fat 
area, and noninvasive liver fibrosis scores were significantly higher in male patients with MAFLD than 
in those with NAFLD (p < 0.05), but these were not significantly different in female patients. Among 
male patients with an alcohol consumption of > 70 g/week, several noninvasive liver fibrosis scores 
were significantly higher in the MAFLD group than in the NAFLD group (all p < 0.05). The influences 
of alcohol consumption and qualitative abdominal fat on NAFLD and MAFLD were different between 
sexes. The development of liver fibrosis should be considered in male patients with MAFLD who 
exceed mild drinking.

Nonalcoholic fatty liver disease (NAFLD) is currently the most common liver disease in Asian and Western 
countries, and it may lead to nonalcoholic steatohepatitis, cirrhosis, liver failure, and hepatocellular carcinoma1–5. 
NAFLD is diagnosed by the presence of hepatic steatosis in the absence of excessive alcohol consumption or 
other liver diseases, and it is known to be strongly associated with metabolic syndrome6,7. However, the pres-
ence of metabolic dysregulation has not been used in the definition of NAFLD. Recently, metabolic-associated 
fatty liver disease (MAFLD) was proposed from an international expert consensus in 20208, which highlights 
the association between fatty liver disease and metabolic dysregulation and does not require the exclusion of 
excessive alcohol consumption, viral hepatitis, or other liver diseases8,9. Although there are many reports on the 
influences of alcohol consumption and abdominal fat on NAFLD10–14, the utility of MAFLD in clinical practice 
and the influences of alcohol consumption, qualitative abdominal fat, and sex when distinguishing between 
MAFLD and NAFLD are not sufficiently clear because the criteria for MAFLD are new and do not assess alco-
hol consumption and qualitative abdominal fat. Therefore, this study aimed to investigate the clinical factors 
associated with MAFLD (including MAFLD subgroups) to clarify the clinical differences between NAFLD and 
MAFLD based on alcohol consumption, qualitative abdominal fat, and sex.
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Results
Baseline characteristics of non‑MAFLD and MAFLD patients.  Among 11,766 participants, the prev-
alence of MAFLD in male and female patients was 46.6% and 23.5%, respectively (Table 1). The aspartate ami-
notransferase (AST)-to-platelet ratio index (APRI) and NAFLD fibrosis score (NFS) were significantly higher in 
patients with MAFLD than in those with non-MAFLD (both p < 0.001); however, the AST/ alanine aminotrans-
ferase (ALT) ratio (AAR) and Fibrosis-4 (FIB-4) Index were significantly lower in patients with MAFLD than in 
those with non-MAFLD (both p < 0.001). The prevalence of MAFLD in male participants increased in their 50 s 
and decreased thereafter; in female participants, the prevalence of MAFLD decreased in their 30 s, increased 
until their 50 s, and decreased from their 60 s (Fig. 1). The prevalence of MAFLD differed significantly between 
male and female patients after their 20 s (all p < 0.05).

Table 1.   Baseline characteristics of the non-MAFLD and MAFLD groups. Data are presented as the 
mean ± standard deviation or number (%) for categorical variables. p-values are based on the χ2-test or 
Mann–Whitney U-test. p-values of three or more groups were determined using the m × n χ2 test. AAR​ AST/
ALT ratio; ALT alanine aminotransferase; APRI AST-to-platelet ratio index; AST aspartate aminotransferase; 
BMI body mass index; DBP diastolic blood pressure; FIB-4 Fibrosis-4; FPG fasting plasma glucose; GGT​ 
gamma-glutamyl transpeptidase; HbA1c hemoglobin A1c; HDL-C high-density lipoprotein cholesterol; IGT 
impaired glucose tolerance; LDL-C low-density lipoprotein cholesterol; MAFLD metabolic-associated fatty 
liver disease; NFS nonalcoholic fatty liver disease (NAFLD) fibrosis score; SBP systolic blood pressure; T-CHO 
total cholesterol; TG triglyceride; UA uric acid; WC waist circumference. p < 0.05 was considered statistically 
significant.

Total patients Male (n = 6,106) Female (n = 5,660)

Non-MAFLD MAFLD p-value Non-MAFLD MAFLD p-value

Number 11,766 3,261 2,845 4,328 1,332

Age (years) 52.3 ± 8.9 52.6 ± 9.5 53.5 ± 7.7  < 0.001 50.7 ± 9.4 54.1 ± 7.0  < 0.001

BMI (kg/m2) 23.7 ± 3.7 22.9 ± 2.5 26.4 ± 3.3  < 0.001 21.5 ± 2.8 26.7 ± 4.1  < 0.001

WC (cm) 83.7 ± 10.0 81.9 ± 7.1 91.4 ± 8.5  < 0.001 77.7 ± 8.0 91.1 ± 9.3  < 0.001

Current smoking 1,421 (12.1) 686 (21.0) 645 (22.7) 0.128 74 (1.7) 16 (1.2) 0.212

Drinking 6,607 (56.2) 2,359 (72.3) 1,972 (69.3)  < 0.05 1,803 (41.7) 473 (35.5)  < 0.001

Alcohol consumption (g/week)

None 902 (27.7) 873 (30.7)  < 0.05 2,525 (58.3) 859 (64.5)  < 0.01

0.1–69.9 845 (25.9) 665 (23.4) 1,256 (29.0) 317 (23.8)

70–139.9 1,068 (32.8) 885 (31.1) 450 (10.4) 130 (9.8)

140–279.9 362 (11.1) 353 (12.4) 78 (1.8) 19 (1.4)

 ≥ 280 84 (2.6) 69 (2.4) 19 (0.4) 7 (0.5)

Regular exercise 3,074 (26.1) 1,268 (38.9) 838 (29.5)  < 0.001 770 (17.8) 198 (14.9)  < 0.05

Eating before going 
to bed 4,633 (39.4) 1,329 (40.8) 1,215 (42.7) 0.125 1,556 (36.0) 533 (40.0)  < 0.01

Eating breakfast 1,186 (10.1) 403 (12.4) 344 (12.1) 0.754 345 (8.0) 94 (7.1) 0.292

SBP (mmHg) 123.5 ± 17.2 123.7 ± 16.2 131.0 ± 16.0  < 0.001 116.5 ± 15.8 130.0 ± 16.8  < 0.001

DBP (mmHg) 79.3 ± 12.6 80.5 ± 11.9 86.2 ± 12.0  < 0.001 73.2 ± 11.0 81.6 ± 11.2  < 0.001

Hypertension 5,394 (45.8) 1,532 (47.0) 1,990 (69.9)  < 0.001 1,083 (25.0) 789 (59.2)  < 0.001

T-CHO (mg/dL) 212.0 ± 34.9 207.0 ± 32.7 211.0 ± 35.5  < 0.001 212.8 ± 35.7 223.7 ± 33.4  < 0.001

TG (mg/dL) 109.8 ± 81.7 107.5 ± 69.5 159.0 ± 116.9  < 0.001 76.0 ± 38.6 120.7 ± 64.0  < 0.001

HDL-C (mg/dL) 66.9 ± 17.6 65.1 ± 16.0 54.8 ± 12.6  < 0.001 77.2 ± 16.4 64.1 ± 14.7  < 0.001

LDL-C (mg/dL) 129.2 ± 31.0 126.4 ± 29.4 133.4 ± 31.9  < 0.001 124.9 ± 30.5 141.4 ± 29.8  < 0.001

Dyslipidemia 3,307 (28.1) 751 (23.0) 1,489 (52.3)  < 0.001 501 (11.6) 566 (42.5)  < 0.001

FPG (mg/dL) 99.8 ± 17.5 99.2 ± 14.7 108.9 ± 23.6  < 0.001 93.1 ± 9.6 103.8 ± 18.3  < 0.001

HbA1c (%) 5.6 ± 0.57 5.5 ± 0.43 5.9 ± 0.84  < 0.001 5.5 ± 0.30 5.8 ± 0.59  < 0.001

IGT 5,891 (50.1) 1,482 (45.4) 2,051 (72.1)  < 0.001 1,447 (33.4) 911 (68.4)  < 0.001

UA (mg/dL) 5.3 ± 1.4 5.8 ± 1.2 6.3 ± 1.3  < 0.001 4.3 ± 0.9 5.1 ± 1.1  < 0.001

ALT (IU/L) 23.8 ± 17.2 22.4 ± 11.9 35.4 ± 22.0  < 0.001 16.4 ± 11.5 26.3 ± 18.1  < 0.001

AST (IU/L) 24.3 ± 10.8 24.4 ± 9.7 28.5 ± 12.3  < 0.001 21.4 ± 9.6 24.7 ± 10.4  < 0.001

GGT​ (IU/L) 37.3 ± 45.7 41.5 ± 48.9 58.8 ± 62.0  < 0.001 20.9 ± 18.9 34.4 ± 36.1  < 0.001

AAR​ 1.18 ± 0.40 1.18 ± 0.38 0.90 ± 0.31  < 0.001 1.40 ± 0.35 1.07 ± 0.34  < 0.001

APRI 0.27 ± 0.20 0.28 ± 0.22 0.32 ± 0.22  < 0.001 0.23 ± 0.17 0.25 ± 0.14  < 0.001

FIB-4 index 1.21 ± 0.60 1.30 ± 0.71 1.19 ± 0.58  < 0.001 1.19 ± 0.56 1.09 ± 0.45  < 0.001

NFS − 1.89 ± 1.13 − 1.88 ± 1.17 − 1.62 ± 1.09  < 0.001 − 2.14 ± 1.10 − 1.70 ± 1.08  < 0.001
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Comparison of baseline characteristics between MAFLD subgroups.  There was a significant 
difference in the quantity of alcohol consumption between the MAFLD subgroups (χ2(8, N = 4,177) = 24.5, 
p < 0.005) (Table 2). The prevalence of metabolic dysregulation (e.g., hypertension, dyslipidemia, and Impaired 
glucose intolerance [IGT]) and the level of liver enzymes (e.g., ALT, AST, and gamma-glutamyl transpeptidase 
[GGT]) were the highest in Group 3 and the lowest in Group 1 (all p < 0.001). The APRI and NFS were also the 
highest in Group 3 and the lowest in Group 1 (both p < 0.001); however, the AAR was the highest in Group 1 and 
lowest in Group 3 (p < 0.001).

Association between MAFLD and lifestyle habits, metabolic dysregulation, liver enzymes, 
and noninvasive liver fibrosis scores.  Among male patients, the odds ratio (OR) (95% confidence inter-
val [CI]) of drinking for MAFLD was 0.830 (0.773–0.965, p < 0.01). In analysis of the quantity of alcohol con-
sumption, the OR of drinking with 70–139.9 g/week and 140–279.9 g/week was 0.896 (0.816–0.983, p < 0.05) and 
0.931 (0.885–0.980, p < 0.01), respectively and the OR in all drinking categories was < 1, regardless of quantity. 
Among female patients, the OR for MAFLD in drinking was 0.853 (0.724–1.006, p = 0.058) and the OR of drink-
ing with ≥ 280 g/week was 2.092 (0.464–9.430, p = 0.337) (Table 3). The OR of regular exercise in male and female 
patients was 0.726 (0.637–0.826, p < 0.001) and 0.712 (0.571–0.888, p < 0.005), respectively. The ORs associated 
with metabolic dysregulation and elevation of liver enzymes were > 1 (all, p < 0.001) in both sexes. The OR of 
elevated APRI and NFS in male and female patients was 2.106 (1.708–2.596, p < 0.001), 1.742 (1.568–1.935, 
p < 0.001) and 2.616 (1.845–3.710, p < 0.001), 2.237 (1.964–2.548, p < 0.001), respectively; however, the ORs of 
elevated AAR and FIB-4 index were < 1 (all, p < 0.001), regardless of sex.

Comparison of clinical characteristics between NAFLD and MAFLD patients.  The prevalence of 
NAFLD and MAFLD was 32.7% and 46.6% in male patients and 22.2% and 23.5% in female patients, respec-
tively (Table 4). In participants with a fatty liver (n = 4,247), the prevalence of overlapping NAFLD and MAFLD 
was 75.4% (3,203/4,247) and the prevalence of only NAFLD or MAFLD was 24.2% (1,026/4,247) (Supplemen-
tary Figure S1). There was a significant difference in the quantity of alcohol consumption between NAFLD and 
MAFLD in male and female patients (χ2(5, N = 4,841) = 410.1, p < 0.001) and (χ2(5, N = 2,591) = 26.1, p < 0.001), 
respectively). The values of several clinical factors were significantly higher in male patients with MAFLD 
than in those with NAFLD; however, there were no significant differences in characteristics between female 
patients with MAFLD and those with NAFLD, except drinking and the quantity of alcohol consumption. Four 
noninvasive liver fibrosis scores were significantly higher in male patients with MAFLD than in male patients 
with NAFLD (all p < 0.05). Additionally, we compared female patients aged < 50  years with female patients 
aged ≥ 50 years to evaluate the influence of menopause (Supplementary Table S1) and found that the results were 
comparable between these two age groups.

Comparison between NAFLD and MAFLD according to the quantity of alcohol consump-
tion.  In male patients, there were no significant differences in the prevalence of hypertension, dyslipidemia, 
and IGT; the level of liver enzymes; or noninvasive liver fibrosis scores between patients with NAFLD and those 
with MAFLD who were non-drinkers or consumed 0.1–69.9 g/week of alcohol (Table 5). Among male patients 
who consumed 70–139.9 g/week or ≥ 140 g/week of alcohol, the AAR, FIB-4 Index, and NFS were significantly 
higher in patients with MAFLD than in those with NAFLD (p < 0.005, p < 0.001, and p < 0.05, respectively). In 
addition, there was a significant difference in noninvasive liver fibrosis scores among the 4 groups according to 
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Figure 1.   Comparison of the prevalence of MAFLD between sex and age groups. The white bar indicates male 
patients. The gray bar indicates female patients. The black bar indicates overall patients. *p < 0.05, **p < 0.001. 
MAFLD, metabolic-associated fatty liver disease.
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the quantity of alcohol consumption in male patients with MAFLD (all p < 0.005) (Fig. 2). In female patients, 
there were no significant differences between those with NAFLD and those with MAFLD, regardless of the 
quantity of alcohol consumption.

Comparison of qualitative abdominal fat between NAFLD and MAFLD patients.  At baseline, 
there were no significant differences in age, sex, body mass index (BMI), or waist circumference (WC) between 
all patients with NAFLD (n = 3,264) and those with NAFLD who underwent measurement of abdominal fat by 
CT (n = 1,340, 41.1%) or between all the patients with MAFLD (n = 4,177) and those with MAFLD who under-
went measurement of abdominal fat by computed tomography (CT) (n = 1,807, 43.3%). There were no signifi-
cant differences in BMI, WC, total adipose area (TAA), or subcutaneous adipose area (SAA) between patients 

Table 2.   Comparison of baseline characteristics between the three MAFLD subgroups. Data are presented as 
the mean ± standard deviation or number (%) for categorical variables. p-values are based on the m × n χ2-test 
or Kruskal–Wallis test. AAR​ AST/ALT ratio; ALT alanine aminotransferase; APRI AST-to-platelet ratio index; 
AST aspartate aminotransferase; BMI body mass index; DBP diastolic blood pressure; DM diabetes mellitus; 
FIB-4 Fibrosis-4; FPG fasting plasma glucose; GGT​ gamma-glutamyl transpeptidase; HbA1c hemoglobin A1c; 
HDL-C high-density lipoprotein cholesterol; IGT impaired glucose tolerance; LDL-C low-density lipoprotein 
cholesterol; MAFLD metabolic-associated fatty liver disease; NFS nonalcoholic fatty liver disease (NAFLD) 
fibrosis score; SBP systolic blood pressure; T-CHO total cholesterol; TG triglyceride; UA uric acid; WC waist 
circumference. p < 0.05 was considered statistically significant.

Group 1 Group 2 Group 3 p-value

Number 609 2,968 600

Sex (male) 387 (63.5) 2,007 (67.6) 451 (75.2)  < 0.001

Age (years) 54.3 ± 7.9 53.2 ± 7.5 55.7 ± 6.6  < 0.001

BMI (kg/m2) 22.2 ± 1.5 27.0 ± 3.2 28.3 ± 3.8  < 0.001

WC (cm) 81.9 ± 4.3 92.4 ± 8.0 95.6 ± 9.2  < 0.001

Current smoking 100 (16.4) 446 (15.0) 115 (19.2)  < 0.05

Drinking 356 (58.5) 1,760 (59.3) 329 (54.8) 0.129

Alcohol consumption (g/week)

None 253 (41.5) 1,208 (40.7) 271 (45.2)  < 0.005

0.1–69.9 151 (24.8) 700 (23.6) 131 (21.8)

70–139.9 150 (24.6) 750 (25.3) 115 (19.2)

140–279.9 52 (8.5) 257 (8.7) 63 (10.5)

 ≥ 280 3 (0.5) 53 (1.8) 20 (3.3)

Regular exercise 140 (23.0) 734 (24.7) 162 (27.0) 0.268

Eating before going to bed 221 (36.3) 1,281 (43.2) 246 (41.0)  < 0.01

Eating breakfast 63 (10.3) 323 (10.9) 52 (8.7) 0.269

SBP (mmHg) 123.8 ± 14.8 131.0 ± 15.8 135.8 ± 17.6  < 0.001

DBP (mmHg) 79.6 ± 10.7 85.3 ± 11.9 86.8 ± 12.1  < 0.001

Hypertension 284 (46.6) 1,983 (66.8) 512 (85.3)  < 0.001

Medication for hypertension 94 (15.4) 691 (23.3) 287 (47.8)  < 0.001

T-CHO (mg/dL) 215.0 ± 37.0 216.2 ± 33.8 209.3 ± 40.5  < 0.001

TG (mg/dL) 127.9 ± 78.5 145.0 ± 97.1 174.5 ± 148.9  < 0.001

HDL-C (mg/dL) 62.4 ± 15.4 57.7 ± 13.7 53.6 ± 12.8  < 0.001

LDL-C (mg/dL) 133.9 ± 33.9 137.4 ± 30.2 130.7 ± 34.4  < 0.001

Dyslipidemia 209 (34.3) 1,408 (47.4) 438 (73.0)  < 0.001

Medication for dyslipidemia 73 (12.0) 478 (16.1) 247 (41.2)  < 0.001

FPG (mg/dL) 98.7 ± 9.9 101.8 ± 11.0 143.4 ± 34.5  < 0.001

HbA1c (%) 5.6 ± 0.3 5.7 ± 0.4 7.1 ± 1.2  < 0.001

IGT 258 (42.4) 1,665 (56.1) 598 (99.7)  < 0.001

Medication for DM 3 (0.5) 39 (1.3) 354 (59.0)  < 0.001

UA (mg/dL) 5.6 ± 1.3 6.0 ± 1.3 5.6 ± 1.2  < 0.001

ALT (IU/L) 24.8 ± 14.5 32.9 ± 20.9 38.5 ± 25.9  < 0.001

AST (IU/L) 24.4 ± 10.0 27.3 ± 11.0 30.3 ± 16.0  < 0.001

GGT​ (IU/L) 43.2 ± 45.7 51.3 ± 57.0 57.2 ± 61.2  < 0.001

AAR​ 1.09 ± 0.35 0.95 ± 0.32 0.87 ± 0.28  < 0.001

APRI 0.26 ± 0.16 0.29 ± 0.19 0.35 ± 0.27  < 0.001

FIB-4 index 1.20 ± 0.55 1.13 ± 0.50 1.27 ± 0.70  < 0.001

NFS − 2.09 ± 1.09 − 1.67 ± 1.06 − 1.06 ± 0.95  < 0.001



5

Vol.:(0123456789)

Scientific Reports |        (2022) 12:16048  | https://doi.org/10.1038/s41598-022-20124-8

www.nature.com/scientificreports/

with NAFLD and those with MAFLD in either sex (Table 6). In male patients, visceral adipose area (VAA), VAA-
to-SAA ratio (VAA/SAA), and the prevalence of VAA ≥ 100 cm2 and VAA/SAA ≥ 1 were significantly higher in 
patients with MAFLD than in those with NAFLD (p < 0.001, p < 0.05, p < 0.001, and p < 0.05, respectively). In 
female patients, VAA and the prevalence of VAA ≥ 100 cm2 were significantly higher in patients with MAFLD 
than in those with NAFLD (both p < 0.001).

Discussion
The present study highlights the differences in clinical factors within the MAFLD group based on the number 
of MAFLD components. The principal findings were that noninvasive liver fibrosis scores and qualitative evalu-
ation of abdominal fat were useful for distinguishing between NAFLD and MAFLD in male patients. In addi-
tion, although there was very little difference between NAFLD and MAFLD in female patients, regardless of the 
quantity of alcohol consumption, several noninvasive liver fibrosis scores were significantly higher in patients 
with MAFLD than in those with NAFLD among males who consumed > 70 g/week of alcohol.

The level of liver enzymes (including AST and ALT) and the prevalence of metabolic dysregulations (such 
as hypertension, dyslipidemia, and IGT) increased significantly with an increase in the number of MAFLD 
components. In addition, these factors were associated with the onset of MAFLD in the present study, which 
was in accordance with findings of previous reports on NAFLD15,16. Regular exercise has been shown to reduce 
the risk of NAFLD17; the present study showed that regular exercise reduced the risk of MAFLD in both the 
sexes. Recent studies reported that considering metabolic condition rather than obese on metabolic fatty liver 
was important because not a few non-obese individuals existed in metabolic fatty liver population18,19. In the 
present study, among patients with and without fatty liver excepting obese patients, the prevalence of fullness for 
MAFLD criteria except diagnosis of ultrasonography was 88.4% and 58.6%, respectively (p < 0.001). Our results 
supported the importance of considering metabolic abnormality on the development of MAFLD.

Table 3.   Odds ratios for MAFLD in each category of lifestyle habits, metabolic dysregulation, liver enzymes, 
and noninvasive liver fibrosis scores. Factors with significant influence on the prevalence of MAFLD were 
determined using multivariate logistic regression analysis. The aOR is the adjusted OR for age, BMI, and 
WC. AAR​ AST/ALT ratio; ALT alanine aminotransferase; APRI AST-to-platelet ratio index; AST aspartate 
aminotransferase; CI confidence interval; FIB-4 Fibrosis-4; GGT​ gamma-glutamyl transpeptidase; IGT 
impaired glucose tolerance; MAFLD metabolic-associated fatty liver disease; NFS nonalcoholic fatty liver 
disease (NAFLD) fibrosis score; OR odds ratio.

Male (n = 6,106) Female (n = 5,660)

OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI)

Lifestyle habits

Current smoking 1.101 (0.975–1.243) 1.156 (0.998–1.338) 0.699 (0.406–1.204) 0.867 (0.451–1.666)

Drinking 0.864 (0.773–0.965) 0.830 (0.773–0.965) 0.771 (0.679–0.876) 0.853 (0.724–1.006)

Alcohol consumption (g/week)

None 1 1 1 1

0.1–69.9 0.875 (0.753–1.016) 0.869 (0.724–1.044) 0.800 (0.689–0.931) 0.909 (0.751–1.100)

70–139.9 0.938 (0.869–1.012) 0.896 (0.816–0.983) 0.679 (0.541–0.853) 0.647 (0.484–0.864)

140–279.9 0.947 (0.907–0.988) 0.931 (0.885–0.980) 0.786 (0.600–1.029) 0.996 (0.702–1.414)

 ≥ 280 0.967 (0.872–1.072) 0.945 (0.838–1.066) 1.470 (0.441–4.893) 2.092 (0.464–9.430)

Regular exercise 0.656 (0.590–0.730) 0.726 (0.637–0.826) 0.807 (0.681–0.956) 0.712 (0.571–0.888)

Eating before going to bed 1.084 (0.979–1.200) 1.021 (0.900–1.158) 1.188 (1.048–1.348) 1.006 (0.851–1.189)

Eating breakfast 0.975 (0.837–1.137) 1.070 (0.885–1.293) 0.877 (0.692–1.111) 0.849 (0.621–1.160)

Metabolic dysregulation

Hypertension 2.627 (2.364–2.919) 1.377 (1.210–1.567) 4.354 (3.826–4.954) 1.813 (1.531–2.146)

Dyslipidemia 3.670 (3.288–4.096) 2.281 (2.007–2.593) 5.644 (4.892–6.513) 2.924 (2.442–3.501)

IGT 3.101 (2.786–3.451) 2.166 (1.906–2.462) 4.308 (3.777–4.915) 2.331 (1.969–2.759)

Liver enzymes

ALT (≥ 31 IU/L) 5.034 (4.457–5.686) 3.184 (2.758–3.675) 7.234 (5.943–8.805) 3.446 (2.658–4.468)

AST (≥ 31 IU/L) 2.682 (2.352–3.058) 1.886 (1.607–2.214) 3.672 (3.019–4.467) 2.147 (1.635–2.820)

GGT (≥ 51 IU/L) 2.503 (2.231–2.807) 1.979 (1.727–2.269) 3.292 (2.674–4.052) 1.876 (1.430–2.461)

Noninvasive liver fibrosis scores

AAR (≥ 1) 0.221 (0.198–0.246) 0.130 (0.113–0.150)

APRI (≥ 0.5) 2.106 (1.708–2.596) 2.616 (1.845–3.710)

FIB-4 index (age < 65: ≥ 1.3; age ≥ 65: ≥ 2.0)

0.745 (0.669–0.830) 0.682 (0.591–0.788)

NFS (age < 65: ≥ − 1.455; age ≥ 65: ≥ 0.12)

1.742 (1.568–1.935) 2.237 (1.964–2.548)



6

Vol:.(1234567890)

Scientific Reports |        (2022) 12:16048  | https://doi.org/10.1038/s41598-022-20124-8

www.nature.com/scientificreports/

Regarding noninvasive liver fibrosis scores, the present study showed that increases in APRI and NFS and 
decreases in AAR and FIB-4 Index were correlated with MAFLD. We hypothesized that the AAR is not suitable 
for assessing liver fibrosis in participants with non-MAFLD or mild MAFLD because in non-MAFLD patients 

Table 4.   Comparison of characteristics between NAFLD and MAFLD. Data represent the mean ± standard 
deviation or number (%) for categorical variables. p-values of two groups are based on the χ2-test or Mann–
Whitney U-test. p-values of three or more groups were determined using the m × n χ2 test. AAR​ AST/ALT 
ratio; ALT alanine aminotransferase; APRI AST-to-platelet ratio index; AST aspartate aminotransferase; BMI 
body mass index; DBP diastolic blood pressure; FPG fasting plasma glucose; FIB-4 Fibrosis-4; GGT​ gamma-
glutamyl transpeptidase; HbA1c hemoglobin A1c; HDL-C high-density lipoprotein cholesterol; IGT impaired 
glucose tolerance; LDL-C low-density lipoprotein cholesterol; MAFLD metabolic-associated fatty liver disease; 
NAFLD nonalcoholic fatty liver disease; NFS NAFLD fibrosis score; SBP systolic blood pressure; T-CHO 
total cholesterol; TG triglyceride; UA uric acid; WC waist circumference. p < 0.05 was considered statistically 
significant.

Male Female

NAFLD MAFLD p-value NAFLD MAFLD p-value

Number 1,996 2,845 1,259 1,332

Age (years) 52.8 ± 8.1 53.5 ± 7.7  < 0.005 54.0 ± 7.0 54.1 ± 7.0 0.745

BMI (kg/m2) 26.5 ± 3.5 26.4 ± 3.3 0.139 26.6 ± 4.1 26.7 ± 4.1 0.537

WC (cm) 91.7 ± 8.9 91.4 ± 8.5 0.675 90.7 ± 9.4 91.1 ± 9.3 0.319

Current smoking 419 (21.0) 645 (22.7) 0.169 12 (0.9) 16 (1.2) 0.573

Drinking 1,119 (56.1) 1,972 (69.3)  < 0.001 400 (31.8) 473 (35.5)  < 0.05

Alcohol consumption (g/week)

None 877 (43.9) 873 (30.7)  < 0.001 859 (68.2) 859 (64.5)  < 0.001

0.1–69.9 672 (33.7) 665 (23.4) 325 (25.8) 317 (23.8)

70–139.9 343 (17.2) 885 (31.1) 75 (6.0) 130 (9.8)

140–209.9 104 (5.2) 104 (3.7) 0 (0) 9 (0.7)

210–279.9 0 (0) 249 (8.8) 0 (0) 10 (0.8)

 ≥ 280 0 (0) 69 (2.4) 0 (0) 7 (0.5)

Regular exercise 563 (28.2) 838 (29.5) 0.351 191 (15.1) 198 (14.9) 0.912

Eating before going to bed 775 (38.8) 1,215 (42.7)  < 0.005 484 (38.2) 533 (40.0) 0.355

Eating breakfast 235 (11.8) 344 (12.1) 0.753 86 (6.8) 94 (7.1) 0.817

SBP (mmHg) 129.5 ± 15.8 131.0 ± 16.0  < 0.005 129.5 ± 16.8 130.0 ± 16.8 0.460

DBP (mmHg) 85.1 ± 11.9 86.2 ± 12.0  < 0.005 81.1 ± 11.2 81.6 ± 11.2 0.362

Hypertension 1,286 (64.4) 1,990 (69.9)  < 0.001 732 (57.7) 789 (59.2) 0.449

T-CHO (mg/dL) 209.5 ± 35.7 211.0 ± 35.5 0.094 223.4 ± 33.6 223.7 ± 33.4 0.701

TG (mg/dL) 151.0 ± 99.4 159.0 ± 116.9  < 0.05 120.1 ± 64.0 120.7 ± 64.0 0.776

HDL-C (mg/dL) 53.0 ± 11.6 54.8 ± 12.6  < 0.001 64.0 ± 14.5 64.1 ± 14.7 0.891

LDL-C (mg/dL) 134.4 ± 32.3 133.4 ± 31.9 0.429 141.3 ± 30.9 141.4 ± 29.8 0.874

Dyslipidemia 1,021 (51.2) 1,489 (52.3) 0.430 537 (42.3) 566 (42.5) 0.968

FPG (mg/dL) 108.8 ± 24.6 108.9 ± 23.6 0.141 103.8 ± 18.7 103.8 ± 18.3 0.755

HbA1c (%) 5.9 ± 0.90 5.9 ± 0.84 0.109 5.8 ± 0.60 5.8 ± 0.59 0.900

IGT 1,413 (70.8) 2,051 (72.1) 0.332 858 (67.7) 911 (68.4) 0.705

UA (mg/dL) 6.2 ± 1.3 6.3 ± 1.3 0.062 5.0 ± 1.1 5.1 ± 1.1 0.395

ALT (IU/L) 36.2 ± 22.2 35.4 ± 22.0 0.059 26.2 ± 18.1 26.3 ± 18.1 0.779

AST (IU/L) 27.8 ± 11.3 28.5 ± 12.3 0.079 24.5 ± 9.7 24.7 ± 10.4 0.575

GGT​ (IU/L) 47.9 ± 40.8 58.8 ± 62.0  < 0.001 33.3 ± 34.1 34.4 ± 36.1 0.314

AAR​ 0.86 ± 0.28 0.90 ± 0.31  < 0.001 1.07 ± 0.34 1.07 ± 0.34 0.933

AAR ≥ 1.0 468 (23.4) 804 (28.3)  < 0.001 637 (50.2) 673 (50.5) 0.906

APRI 0.31 ± 0.17 0.32 ± 0.22  < 0.05 0.24 ± 0.12 0.25 ± 0.14 0.591

APRI > 0.5 157 (7.9) 252 (8.9) 0.228 53 (4.2) 58 (4.4) 0.847

FIB-4 index 1.12 ± 0.49 1.19 ± 0.58  < 0.001 1.08 ± 0.41 1.09 ± 0.45 0.673

FIB-4 index ≥ 1.3 (age < 65) or ≥ 2 
(age ≥ 65) 480 (24.0) 827 (29.1)  < 0.001 286 (22.6) 302 (22.7) 0.963

NFS − 1.72 ± 1.10 − 1.62 ± 1.09  < 0.005 − 1.73 ± 1.09 − 1.70 ± 1.08 0.511

NFS ≥ − 1.455 (age < 65) or ≥ 0.12 
(age ≥ 65) 804 (40.3) 1,233 (43.3)  < 0.05 502 (39.6) 539 (40.5) 0.660
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Table 5.   Comparison between NAFLD and MAFLD according to the quantity of alcohol consumption. Data 
are presented as the mean ± standard deviation or number (%) for categorical variables. p-values are based 
on the χ2-test or Mann–Whitney U-test. AAR​ AST/ALT ratio; ALT alanine aminotransferase; APRI AST-to-
platelet ratio index; AST aspartate aminotransferase; FIB-4 Fibrosis-4; GGT​ gamma-glutamyl transpeptidase; 
IGT impaired glucose tolerance; MAFLD metabolic-associated fatty liver disease; NA not applicable; NAFLD 
nonalcoholic fatty liver disease; NFS NAFLD fibrosis score. p < 0.05 was considered statistically significant. 
† NAFLD participants with alcohol consumption of 140–209.9 g/week.

Male Female

Alcohol consumption NAFLD MAFLD p-value NAFLD MAFLD p-value

(None) (n = 877) (n = 873) (n = 859) (n = 859)

Hypertension 549 (62.6) 556 (63.7) 0.656 525 (61.1) 528 (61.5) 0.921

Dyslipidemia 453 (51.7) 459 (52.6) 0.702 381 (44.4) 383 (44.6) 0.961

IGT 648 (73.9) 659 (75.5) 0.475 597 (69.5) 604 (70.3) 0.752

ALT (IU/L) 37.2 ± 23.6 37.2 ± 23.7 0.981 27.2 ± 19.5 27.3 ± 19.4 0.786

AST (IU/L) 28.0 ± 12.5 28.0 ± 12.5 0.937 25.1 ± 10.4 25.1 ± 10.4 0.814

GGT​ (IU/L) 43.0 ± 31.3 43.0 ± 31.3 0.990 33.9 ± 34.7 33.9 ± 34.7 0.933

AAR​ 0.84 ± 0.24 0.84 ± 0.25 0.925 1.05 ± 0.32 1.05 ± 0.32 0.792

APRI 0.31 ± 0.19 0.31 ± 0.19 0.996 0.25 ± 0.12 0.25 ± 0.12 0.898

FIB-4 index 1.11 ± 0.53 1.11 ± 0.53 0.929 1.08 ± 0.42 1.08 ± 0.42 0.990

NFS − 1.72 ± 1.11 − 1.69 ± 1.10 0.606 − 1.71 ± 1.09 − 1.69 ± 1.09 0.762

Alcohol consumption NAFLD MAFLD p-value NAFLD MAFLD p-value

(0.1–69.9 g/week) (n = 672) (n = 665) (n = 325) (n = 317)

Hypertension 438 (65.2) 444 (66.8) 0.564 168 (51.7) 168 (53.0) 0.752

Dyslipidemia 316 (47.0) 322 (48.4) 0.622 122 (37.5) 122 (38.5) 0.808

IGT 461 (68.6) 466 (70.1) 0.594 203 (62.5) 203 (64.0) 0.683

ALT (IU/L) 34.4 ± 19.2 34.6 ± 19.2 0.728 23.9 ± 14.5 24.2 ± 14.6 0.748

AST (IU/L) 26.8 ± 9.1 26.9 ± 9.0 0.833 23.3 ± 8.0 23.4 ± 8.1 0.833

GGT​ (IU/L) 48.5 ± 43.9 48.9 ± 44.0 0.745 30.2 ± 27.1 30.5 ± 27.3 0.775

AAR​ 0.88 ± 0.31 0.87 ± 0.30 0.718 1.09 ± 0.32 1.08 ± 0.32 0.789

APRI 0.30 ± 0.12 0.30 ± 0.13 0.938 0.24 ± 0.11 0.24 ± 0.11 0.918

FIB-4 index 1.13 ± 0.45 1.13 ± 0.45 0.818 1.07 ± 0.39 1.07 ± 0.39 0.999

NFS − 1.70 ± 1.09 − 1.69 ± 1.09 0.839 − 1.79 ± 1.05 − 1.76 ± 1.03 0.803

Alcohol consumption NAFLD MAFLD p-value NAFLD MAFLD p-value

(70–139.9 g/week) (n = 343) (n = 885) (n = 75) (n = 130)

Hypertension 223 (65.0) 650 (73.4)  < 0.005 35 (46.7) 77 (59.2) 0.109

Dyslipidemia 191 (55.7) 470 (53.1) 0.444 30 (40.0) 51 (39.2) 1.000

IGT 233 (67.9) 612 (69.2) 0.681 51 (68.0) 91 (70.0) 0.756

ALT (IU/L) 36.4 ± 23.6 33.8 ± 21.6  < 0.05 25.7 ± 15.2 26.8 ± 17.7 0.961

AST (IU/L) 28.9 ± 12.0 28.7 ± 12.6 0.656 24.0 ± 7.4 25.9 ± 14.8 0.591

GGT​ (IU/L) 54.4 ± 51.6 66.7 ± 74.7  < 0.001 41.5 ± 50.9 47.4 ± 57.4 0.088

AAR​ 0.89 ± 0.30 0.95 ± 0.32  < 0.005 1.14 ± 0.56 1.13 ± 0.48 0.656

APRI 0.32 ± 0.18 0.32 ± 0.19 0.726 0.23 ± 0.10 0.27 ± 0.27 0.326

FIB-4 index 1.14 ± 0.48 1.24 ± 0.51  < 0.001 1.03 ± 0.41 1.17 ± 0.73 0.170

NFS − 1.74 ± 1.11 − 1.58 ± 1.07  < 0.05 − 1.81 ± 1.15 − 1.58 ± 1.19 0.250

Alcohol consumption NAFLD MAFLD p-value NAFLD MAFLD p-value

(≥ 140 g/week) (n = 104)† (n = 422) (n = 0) (n = 26)

Hypertension 76 (73.1) 340 (80.6) 0.092 (–) 16 (61.5) NA

Dyslipidemia 61 (58.7) 238 (56.4) 0.677 (–) 10 (38.5) NA

IGT 71 (68.3) 314 (74.4) 0.267 (–) 13 (50.0) NA

ALT (IU/L) 38.9 ± 22.2 36.1 ± 23.1 0.074 (–) 20.0 ± 7.7 NA

AST (IU/L) 29.7 ± 10.9 31.5 ± 14.6 0.532 (–) 23.7 ± 5.5 NA

GGT​ (IU/L) 64.7 ± 43.3 90.4 ± 85.9  < 0.005 (–) 33.5 ± 25.3 NA

AAR​ 0.86 ± 0.27 0.99 ± 0.36  < 0.005 (–) 1.25 ± 0.28 NA

APRI 0.32 ± 0.14 0.38 ± 0.37 0.261 (–) 0.25 ± 0.77 NA

FIB-4 index 1.10 ± 0.43 1.36 ± 0.87  < 0.001 (–) 1.17 ± 0.44 NA

NFS − 1.74 ± 1.09 − 1.46 ± 1.09  < 0.05 (–) − 1.71 ± 1.11 NA
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Figure 2.   Comparison of noninvasive liver fibrosis scores between NAFLD and MAFLD according to 
the quantity of alcohol consumption in male patients. The white bar indicates patients without alcohol 
consumption. The light gray bar indicates patients with alcohol consumption of 0.1–69.9 g/week. The dark 
gray bar indicates patients with alcohol consumption of 70–139.9 g/week. The black bar indicates patients 
with alcohol consumption of ≥ 140 g/week. Data are presented as the mean ± standard deviation. * indicates a 
significant difference between patients without alcohol consumption and patients with alcohol consumption 
of ≥ 140 g/week, p < 0.01; † indicates a significant difference between patients without alcohol consumption and 
patients with alcohol consumption of 70–139.9 g/week, p < 0.01; ‡ indicates a significant difference between 
patients with alcohol consumption of 0.1–69.9 g/week and patients with alcohol consumption of ≥ 140 g/week, 
p < 0.01; § indicates a significant difference between patients with alcohol consumption of 0.1–69.9 g/week and 
patients with alcohol consumption of 70–139.9 g/week, p < 0.01; || indicates a significant difference between 
patients without alcohol consumption and patients with alcohol consumption of 70–139.9 g/week, p < 0.05; ¶ 
indicates a significant difference between patients with alcohol consumption of 70–139.9 g/week and patients 
with alcohol consumption of ≥ 140 g/week, p < 0.01. AAR, AST/ALT ratio; ALT, alanine aminotransferase; APRI, 
AST-to-platelet ratio index; AST, aspartate aminotransferase; FIB-4, Fibrosis-4; NAFLD, nonalcoholic fatty liver 
disease; NFS, NAFLD fibrosis score; MAFLD, metabolic-associated fatty liver disease.

Table 6.   Comparison of qualitative abdominal fat between NAFLD and MAFLD.  Data are presented as the 
mean ± standard deviation or number (%) for categorical variables. p-values are based on the χ2-test or Mann–
Whitney U-test. BMI body mass index; MAFLD metabolic-associated fatty liver disease; NAFLD nonalcoholic 
fatty liver disease; SAA subcutaneous adipose area; TAA​ total adipose area; VAA visceral adipose area; VAA/
SAA VAA-to-SAA ratio; WC waist circumference. p < 0.05 was considered statistically significant.

Male Female

NAFLD MAFLD p-value NAFLD MAFLD p-value

Number 1,014 1,465 326 342

BMI (kg/m2) 26.6 ± 3.4 26.4 ± 3.2 0.285 26.2 ± 4.1 26.4 ± 4.1 0.468

WC (cm) 91.5 ± 8.7 91.4 ± 8.4 0.977 89.8 ± 9.2 90.4 ± 9.1 0.413

TAA​ (cm2) 320.3 ± 98.8 318.9 ± 96.2 0.845 351.1 ± 106.1 355.9 ± 105.3 0.512

SAA (cm2) 193.3 ± 74.2 189.8 ± 72.0 0.240 246.2 ± 87.4 249.8 ± 87.1 0.516

VAA (cm2) 108.1 ± 34.1 140.7 ± 46.0  < 0.001 96.4 ± 27.8 120.8 ± 42.7  < 0.001

VAA (≥ 100 cm2) 606 (59.8) 1,192 (81.4)  < 0.001 141 (43.4) 211 (61.7)  < 0.001

VAA/SAA 0.72 ± 0.30 0.75 ± 0.31  < 0.05 0.46 ± 0.18 0.45 ± 0.19 0.884

VAA/SAA (≥ 1) 146 (14.4) 256 (17.5)  < 0.05 7 (2.1) 8 (2.3) 1.000
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without fatty liver, AAR was > 1 in 86.5% (5,071/5,865) of participants with normal ALT (< 30 IU/L in male 
patients and < 19 IU/L in female patients) and 49.3% (816/1,654) of patients with elevated ALT levels. Addition-
ally, age < 35 years and age > 65 years has been reported to be a potential confounding factor for the FIB-4 Index 
and AAR​20,21. Further clinical studies on noninvasive liver fibrosis scores for MAFLD investigating different age 
groups and liver fibrosis are required.

Obesity is generally categorized based on the location of adipose accumulation as subcutaneous and vis-
ceral. The latter is considered to markedly contribute to the development of various digestive diseases, includ-
ing NAFLD22–34. However, the influence of qualitative abdominal fat on MAFLD is unclear. The present study 
showed that VAA/SAA was significantly higher in patients with MAFLD than in those with NAFLD in male 
patients only. These results may reflect sex differences based on adipose tissue and hormones; regional fat dis-
tribution is known to be associated with the risk of metabolic disorders and NAFLD, with a lower risk resulting 
from gynoid gluteo-femoral subcutaneous distribution and a higher risk with android visceral adiposity26,27. 
Adiponectin and estradiol, which are higher in female individuals, reduce lipolysis and improve adipose tissue 
insulin sensitivity28–30. In addition, there were no significant differences in BMI, WC, TAA, or SAA between 
patients with NAFLD and those with MAFLD; many factors associated with metabolic dysregulation were 
higher in patients with MAFLD than in those with NAFLD, suggesting that WC may be a marker of visceral fat. 
However, WC cannot reflect the ratio of visceral fat and subcutaneous fat and visceral fat may be more strongly 
associated with MAFLD than NAFLD.

Alcohol consumption is known to be an essential factor for advanced liver fibrosis in patients with MAFLD; 
therefore, the concept of MAFLD was established for the early detection of advanced fibrosis8. The influence 
of alcohol intake is known to differ between sexes31–33; alcohol-related liver disease is more common in male 
patients because males consume more alcohol than females and females are more easily affected by alcohol than 
males34,35. The present study showed that the prevalence of drinking in male patients was significantly higher than 
that in female patients among all participants (70.9% vs. 40.2%; Table 1), patients with NAFLD (56.1% vs. 31.8%; 
Table 4), and patients with MAFLD (69.3% vs. 35.5%; Table 4). Although alcohol consumption contributed to the 
decrease of MAFLD in male participants regardless of the quantity, alcohol consumption of > 280 g/week might 
contribute to the increase of MAFLD in female participants. Among male patients with an alcohol consump-
tion of > 70 g/week, several noninvasive liver fibrosis scores were significantly higher in patients with MAFLD 
than in those with NAFLD. These results suggest that the influence of alcohol consumption in female patients 
may be small compared to the influence on the discrepancy between NAFLD and MAFLD in male patients, and 
male MAFLD patients with an alcohol consumption of > 70 g/week may be prone to developing liver fibrosis.

The strength of the present study is the use of ultrasonography, which is simple, noninvasive, widely used, 
and accurate in the evaluation of steatosis. The sensitivity and specificity of ultrasonography for the detection 
of ≥ 5% and ≥ 30% of steatotic hepatocytes on histology were reported as 82%, 80% and 85%, 85%, respectively, 
in a recent meta-analysis36. Additionally, no reports about usefulness of noninvasive liver fibrosis scores and 
qualitative evaluation of abdominal fat for diagnosis of distinguishing between NAFLD and MAFLD. These facts 
make the results convincing. However, several limitations exist in the present study that should be acknowledged. 
First, it was a single-center observational study. Therefore, multi-center studies are needed to validate our find-
ings. Second, there was a possibility of selection bias because the most participants were voluntary attendees 
who underwent a self-paid medical check-up and were restricted to office workers of middle and high socio-
economic status. Additionally, whether patients hospitalized for MAFLD or NAFLD would yield similar results 
remains unclear. Further large-scale clinical investigations on the differences between these groups are needed. 
Third, only 43% of patients with MAFLD underwent CT scanning to measure abdominal fat. CT is not always 
performed during medical check-ups because the necessary equipment is only available in relatively large-scale 
medical institutions and it is mildly associated with radiation exposure. Finally, we did not obtain detailed 
information regarding medications for hypertension, dyslipidemia, and diabetes mellitus and diets including 
volume, calories, and contents.

In conclusion, noninvasive liver fibrosis scores and qualitative evaluation of abdominal fat were useful for 
distinguishing between NAFLD and MAFLD in male patients. The influence of alcohol consumption on the 
discrepancy between NAFLD and MAFLD was different between male and female participants, and the develop-
ment of liver fibrosis should be considered in male patients with MAFLD who exceed mild drinking.

Methods
Study design and participants.  This cross-sectional study included 12,985 adults undergoing regular 
health check-ups at Shikoku Central Hospital of the Mutual Aid Association of Public School Teachers between 
April 2016 and March 2018. After excluding participants who had incomplete information, underwent prior 
liver surgery, visited the hospital for treatment, or were followed up for liver diseases such as alcoholic, viral, and 
drug-induced liver disease, 11,766 patients were finally analyzed (Figure S1). The study design was approved by 
the Ethics Committees of Shikoku Central Hospital of the Mutual Aid Association of Public School Teachers, 
and the study was performed in conformance with the Declaration of Helsinki. Regarding patient consent, an 
opt-out approach was used in this study, and personal information was protected during data collection.

Clinical assessment.  Drug history, hospital admission data, and lifestyle habits were recorded using a 
standardized questionnaire, and health check-up nurses interviewed participants individually to confirm each 
item on the questionnaire. In the present study, current smoking excluded previous smoking. The amount of 
alcohol consumed per drinking day was determined in grams using representative percent alcohol by volume 
for each type of alcohol: 5% for beer, 16% for Japanese sake, 25% for shochu, 10% for wine, and 34% for whiskey. 
Based on the drinking information, patients were divided into two categories: non-drinkers [participants drink-
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ing 12 drinks or less per year of < 20 g/drinking day] and drinkers [participants whose drinking exceeded the 
abovementioned measurements]. Excessive alcohol consumption was defined as > 30 g and > 20 g of daily alcohol 
consumption for males and females, respectively37,38. The average weekly alcohol consumption was classified 
into five categories: none, 0.1–69.9 g/week, 70–139.9 g/week, 140–279.9 g/week, and ≥ 280 g/week.

Regular exercise was defined as performing a > 30-min exercise session at least once per week. The habit of 
eating before going to bed was defined as eating within 2 h before going to bed at least once per week. When 
participants underwent regular health check-ups with abdominal fat on CT, one slice was acquired at the level 
of the navel to measure the VAA and SAA39, which are indices of the metabolic syndrome40.

Venous blood samples were obtained from all the participants in the morning after 12 h of overnight fasting. 
The following clinical laboratory parameters were evaluated: AST, ALT, GGT, total cholesterol (T-CHO), high-
density lipoprotein cholesterol (HDL-C), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), uric 
acid (UA), fasting plasma glucose (FPG), and hemoglobin A1c (HbA1c). The AAR, APRI, FIB-4 Index, and NFS 
were calculated to evaluate the liver, referring to published formulas and cut-offs41.

Hypertension was defined as blood pressure (BP) ≥ 130/85 mmHg or the use of medications for hyperten-
sion. Dyslipidemia was defined as a TG level ≥ 150 mg/dL, HDL-C level < 40 mg/dL for males and < 50 mg/dL 
for females, or the use of medications for dyslipidemia. IGT was defined as FPG level ≥ 100 mg/dL or the use of 
medications for diabetes mellitus.

Diagnostic criteria for NAFLD and MAFLD.  NAFLD was defined by the evidence of hepatic steatosis on 
ultrasound and the exclusion of excessive alcohol consumption and other competing causes for hepatic steatosis 
(e.g., viral hepatitis)37,38. The criteria for hepatic steatosis on ultrasonography were as follows: increased hepa-
torenal echo contrast, liver brightness, vessel blurring, and/or deep attenuation42. MAFLD was defined by the 
evidence of hepatic steatosis on ultrasound and the presence of any of the following criteria: overweight/obesity, 
presence of type 2 diabetes mellitus (T2DM), and evidence of metabolic dysregulation8,9.

Overweight was defined as a BMI of ≥ 23 kg/m2 in Asians. The presence of metabolic dysregulation was 
defined as the presence of two or more of the following metabolic conditions: WC ≥ 90 cm in male patients 
and ≥ 80 cm in female patients; BP ≥ 130/85 mmHg or specific drug treatment; TG level ≥ 150 mg/dL or specific 
drug treatment; HDL-C level < 40 mg/dL in male patients and < 50 mg/dL in female patients or specific drug treat-
ment; and prediabetes (FPG level of 100–125 mg/dL or HbA1c level of 5.7–6.4%). Although the high-sensitivity 
C-reactive protein (CRP) level and the homeostatic model assessment for insulin resistance (HOMA-IR) score 
reflect metabolic dysregulation, these assessments are not generally conducted in Japanese medical check-ups. 
Therefore, high-sensitivity CRP and HOMA-IR measurements were not available in the present study.

Because it is unclear whether MAFLD severity is reflected in clinical practice, patients who fulfilled the 
MAFLD criteria were classified into three groups according to the number of the abovementioned MAFLD 
components that were fulfilled (overweight/obesity, T2DM, and metabolic dysregulation). Therefore, Group 1, 
Group 2, and Group 3 indicated having one, two, and three MAFLD components, respectively.

Statistical analysis.  Continuous variables are presented as the mean ± standard deviation, and categorical 
data are presented as counts (percentages). Differences were considered to be statistically significant at p < 0.05. 
Comparisons of the proportions and categorical variables between two groups and two additional groups were 
performed using the χ2 test and the m × n χ2 test, respectively. According to the data, the distribution was not 
normal, so the Mann–Whitney U and Kruskal–Wallis nonparametric tests were used between two groups and 
two additional groups, respectively. If the Kruskal–Wallis test revealed differences between the groups, post-hoc 
pairwise comparisons were performed using the Mann–Whitney U-test with Bonferroni correction. Factors 
with significant influence on the prevalence of MAFLD were determined using multivariate logistic regression 
analysis including adjustments for age, BMI, and WC. The OR and 95% CI were analyzed for each variable. All 
statistical analyses were performed using MedCalc Statistical Software for Windows (MedCalc Software, Ostend, 
Belgium).

Ethical statement.  The study design was approved by the Ethics Committees of Shikoku Central Hospital 
of the Mutual Aid Association of Public School Teachers, and the study was performed in conformance with the 
Declaration of Helsinki. Regarding patient consent, an opt-out approach was used in this study, and personal 
information was protected during data collection.

Data availability
All data generated or analyzed during this study are included in this published article.

Received: 4 April 2022; Accepted: 8 September 2022

References
	 1.	 Younossi, Z. M. et al. Global epidemiology of nonalcoholic fatty liver disease—Meta-analytic assessment of prevalence, incidence, 

and outcomes. Hepatology 64, 73–84. https://​doi.​org/​10.​1002/​hep.​28431 (2016).
	 2.	 Farrell, G. C., Wong, V. W. S. & Chitturi, S. NAFLD in Asia—As common and important as in the West. Nat. Rev. Gastroenterol. 

Hepatol. 10, 307–318. https://​doi.​org/​10.​1038/​nrgas​tro.​2013.​34 (2013).
	 3.	 Adams, L. A. et al. The natural history of nonalcoholic fatty liver disease: A population-based cohort study. Gastroenterology 129, 

113–121. https://​doi.​org/​10.​1053/j.​gastro.​2005.​04.​014 (2005).
	 4.	 Yasui, K. et al. Characteristics of patients with nonalcoholic steatohepatitis who develop hepatocellular carcinoma. Clin. Gastro-

enterol. Hepatol. 9, 428–433. https://​doi.​org/​10.​1016/j.​cgh.​2011.​01.​023 (2011).

https://doi.org/10.1002/hep.28431
https://doi.org/10.1038/nrgastro.2013.34
https://doi.org/10.1053/j.gastro.2005.04.014
https://doi.org/10.1016/j.cgh.2011.01.023


11

Vol.:(0123456789)

Scientific Reports |        (2022) 12:16048  | https://doi.org/10.1038/s41598-022-20124-8

www.nature.com/scientificreports/

	 5.	 Younossi, Z. et al. Global perspectives on nonalcoholic fatty liver disease and nonalcoholic steatohepatitis. Hepatology 69, 2672–
2682. https://​doi.​org/​10.​1002/​hep.​30251 (2019).

	 6.	 Neuschwander-Tetri, B. A. Nonalcoholic steatohepatitis and the metabolic syndrome. Am. J. Med. Sci. 330, 326–335. https://​doi.​
org/​10.​1097/​00000​441-​20051​2000-​00011 (2005).

	 7.	 Marchesini, G. et al. Nonalcoholic fatty liver, steatohepatitis, and the metabolic syndrome. Hepatology 37, 917–923. https://​doi.​
org/​10.​1053/​jhep.​2003.​50161 (2003).

	 8.	 Eslam, M., Sanyal, A. J., George, J. & International Consensus Panel (2020). MAFLD: A consensus-driven proposed nomenclature 
for metabolic associated fatty liver disease. Gastroenterology 158, 1999–2014. https://​doi.​org/​10.​1053/j.​gastro.​2019.​11.​312.

	 9.	 Eslam, M. et al. A new definition for metabolic dysfunction-associated fatty liver disease: An international expert consensus state-
ment. J. Hepatol. 73, 202–209. https://​doi.​org/​10.​1016/j.​jhep.​2020.​03.​039 (2020).

	10.	 Ajmera, V. H., Terrault, N. A. & Harrison, S. A. Is moderate alcohol use in nonalcoholic fatty liver disease good or bad?. A Crit. 
Rev. Hepatol. 65, 2090–2099. https://​doi.​org/​10.​1002/​hep.​29055 (2017).

	11.	 Seitz, H. K., Mueller, S., Hellerbrand, C. & Liangpunsakul, S. Effect of chronic alcohol consumption on the development and 
progression of non-alcoholic fatty liver disease (NAFLD). Hepatobiliary Surg. Nutr. 4, 147–151. https://​doi.​org/​10.​3978/j.​issn.​
2304-​3881.​2014.​12.​01 (2015).

	12.	 Choudhary, N. S. et al. Correlation of adipose tissue with liver histology in Asian Indian patients with nonalcoholic fatty liver 
disease (NAFLD). Ann. Hepatol. 11, 478–486. https://​doi.​org/​10.​1016/​S1665-​2681(19)​31461-9 (2012).

	13.	 Yu, S. J. et al. Visceral obesity predicts significant fibrosis in patients with nonalcoholic fatty liver disease. Med. (Baltim.) 94, e2159. 
https://​doi.​org/​10.​1097/​MD.​00000​00000​002159 (2015).

	14.	 Kim, D. et al. Body fat distribution and risk of incident and regressed nonalcoholic fatty liver disease. Clin. Gastroenterol. Hepatol. 
14(132–8), e4-138. https://​doi.​org/​10.​1016/j.​cgh.​2015.​07.​024 (2016).

	15.	 Shiga, T., Moriyoshi, Y., Nagahara, H. & Shiratori, K. Nonalcoholic fatty liver is a risk factor for postprandial hyperglycemia, but 
not for impaired fasting glucose. J. Gastroenterol. 44, 757–764. https://​doi.​org/​10.​1007/​s00535-​009-​0059-1 (2009).

	16.	 Kawamura, Y. et al. Large-scale long-term follow-up study of Japanese patients with non-alcoholic fatty liver disease for the onset 
of hepatocellular carcinoma. Am. J. Gastroenterol. 107, 253–261. https://​doi.​org/​10.​1038/​ajg.​2011.​327 (2012).

	17.	 Bae, J. C. et al. Regular exercise is associated with a reduction in the risk of NAFLD and decreased liver enzymes in individuals 
with NAFLD independent of obesity in Korean adults. PLoS ONE 7, e46819. https://​doi.​org/​10.​1371/​journ​al.​pone.​00468​19 (2012).

	18.	 Eslam, M., Fan, J. G. & Mendez-Sanchez, N. Non-alcoholic fatty liver disease in non-obese individuals: The impact of metabolic 
health. Lancet Gastroenterol. Hepatol. 8, 713–715. https://​doi.​org/​10.​1016/​S2468-​1253(20)​30090-X (2020).

	19.	 Ye, Q. et al. Global prevalence, incidence, and outcomes of non-obese or lean non-alcoholic fatty liver disease: A systematic review 
and meta-analysis. Lancet Gastroenterol. Hepatol. 8, 739–752. https://​doi.​org/​10.​1016/​S2468-​1253(20)​30077-7 (2020).

	20.	 McPherson, S. et al. Age as a confounding factor for the accurate non-invasive diagnosis of advanced NAFLD fibrosis. Am. J. 
Gastroenterol. 112, 740–751. https://​doi.​org/​10.​1038/​ajg.​2016.​453 (2017).

	21.	 Angulo, P. et al. The NAFLD fibrosis score: A noninvasive system that identifies liver fibrosis in patients with NAFLD. Hepatology 
45, 846–854. https://​doi.​org/​10.​1002/​hep.​21496 (2007).

	22.	 Sogabe, M., Okahisa, T., Hibino, S. & Yamanoi, A. Usefulness of differentiating metabolic syndrome into visceral fat type and 
subcutaneous fat type using ultrasonography in Japanese males. J. Gastroenterol. 47, 293–299. https://​doi.​org/​10.​1007/​s00535-​
011-​0489-4 (2012).

	23.	 Eguchi, Y. et al. Visceral fat accumulation and insulin resistance are important factors in nonalcoholic fatty liver disease. J. Gas-
troenterol. 41, 462–469. https://​doi.​org/​10.​1007/​s00535-​006-​1790-5 (2006).

	24.	 Usui, G. et al. Association between visceral abdominal obesity and long-segment Barrett’s esophagus in a Japanese population. J. 
Gastroenterol. 55, 189–197. https://​doi.​org/​10.​1007/​s00535-​019-​01640-3 (2020).

	25.	 Kure, T. et al. Nonalcoholic fatty liver disease is associated with both subcutaneous and visceral adiposity: A cross-sectional study. 
Med. (Baltim.) 98, e17879. https://​doi.​org/​10.​1097/​MD.​00000​00000​017879 (2019).

	26.	 Fried, S. K., Lee, M. J. & Karastergiou, K. Shaping fat distribution: New insights into the molecular determinants of depot- and 
sex-dependent adipose biology. Obesity (Silver Spring) 23, 1345–1352. https://​doi.​org/​10.​1002/​oby.​21133 (2015).

	27.	 Lonardo, A. et al. Sex differences in nonalcoholic fatty liver disease: State of the art and identification of research gaps. Hepatology 
70, 1457–1469. https://​doi.​org/​10.​1002/​hep.​30626 (2019).

	28.	 Pedersen, S. B., Kristensen, K., Hermann, P. A., Katzenellenbogen, J. A. & Richelsen, B. Estrogen controls lipolysis by up-regulating 
alpha2A-adrenergic receptors directly in human adipose tissue through the estrogen receptor alpha. Implications for the female 
fat distribution. J. Clin. Endocrinol. Metab. 89, 1869–1878. https://​doi.​org/​10.​1210/​jc.​2003-​031327 (2004).

	29.	 Park, Y. M. et al. Estradiol-mediated improvements in adipose tissue insulin sensitivity are related to the balance of adipose tissue 
estrogen receptor α and β in postmenopausal women. PLoS ONE 12, e0176446. https://​doi.​org/​10.​1371/​journ​al.​pone.​01764​46 
(2017).

	30.	 Henneman, P. et al. Menopause impacts the relation of plasma adiponectin levels with the metabolic syndrome. J. Intern. Med. 
267, 402–409. https://​doi.​org/​10.​1111/j.​1365-​2796.​2009.​02162.x (2010).

	31.	 Järveläinen, H. A., Lukkari, T. A., Heinaro, S., Sippel, H. & Lindros, K. O. The antiestrogen toremifene protects against alcoholic 
liver injury in female rats. J. Hepatol. 35, 46–52. https://​doi.​org/​10.​1016/​s0168-​8278(01)​00050-2 (2001).

	32.	 Taniai, M. et al. Roles of gender, obesity, and lifestyle-related diseases in alcoholic liver disease: Obesity does not influence the 
severity of alcoholic liver disease. Hepatol. Res. 42, 359–367. https://​doi.​org/​10.​1111/j.​1872-​034X.​2011.​00935.x (2012).

	33.	 Mauvais-Jarvis, F. et al. Sex and gender: Modifiers of health, disease, and medicine. Lancet 396, 565–582. https://​doi.​org/​10.​1016/​
S0140-​6736(20)​31561-0 (2020).

	34.	 Shimizu, I., Kamochi, M., Yoshikawa, H. & Nakayama, Y. Gender difference in alcoholic liver disease. In Trends in Alcoholic Liver 
Disease Research: Clinical and Scientific Aspects (ed. Shimizu, I.) 23–40 (InTech, Rijeka, Croatia, 2011).

	35.	 Guy, J. & Peters, M. G. Liver disease in women: The influence of gender on epidemiology, natural history, and patient outcomes. 
Gastroenterol. Hepatol. (N Y) 9, 633–639 (2013).

	36.	 Ballestri, S., Mantovani, A., Byrne, C. D., Lonardo, A. & Targher, G. Diagnostic accuracy of ultrasonography for the detection of 
hepatic steatosis: An updated meta-analysis of observational studies. MTOD. 1, 7. https://​doi.​org/​10.​20517/​mtod.​2021.​05 (2021).

	37.	 European Association for the Study of the Liver (EASL), European Association for the Study of Diabetes (EASD) & European 
Association for the Study of Obesity (EASO). EASL-EASD-EASO Clinical practice guidelines for the management of non-alcoholic 
fatty liver disease. J. Hepatol. 64, 1388–1402 (2016). https://​doi.​org/​10.​1016/j.​jhep.​2015.​11.​004.

	38.	 National Institute for Health and Care Excellence. Non-alcoholic fatty liver disease (NAFLD): Assessment and management. 
Available at: http://​www.​nice.​org.​uk/​guida​nce/​ng49.

	39.	 Gunji, T. et al. Risk factors for erosive esophagitis: A cross-sectional study of a large number of Japanese males. J. Gastroenterol. 
46, 448–455. https://​doi.​org/​10.​1007/​s00535-​010-​0359-5 (2011).

	40.	 Pou, K. M. et al. Patterns of abdominal fat distribution: The framingham heart study. Diabetes Care 32, 481–485. https://​doi.​org/​
10.​2337/​dc08-​1359 (2009).

	41.	 Wong, V. W. S., Adams, L. A., de Lédinghen, V., Wong, G. L. H. & Sookoian, S. Noninvasive biomarkers in NAFLD and NASH—
Current progress and future promise. Nat. Rev. Gastroenterol. Hepatol. 15, 461–478. https://​doi.​org/​10.​1038/​s41575-​018-​0014-9 
(2018).

https://doi.org/10.1002/hep.30251
https://doi.org/10.1097/00000441-200512000-00011
https://doi.org/10.1097/00000441-200512000-00011
https://doi.org/10.1053/jhep.2003.50161
https://doi.org/10.1053/jhep.2003.50161
https://doi.org/10.1053/j.gastro.2019.11.312
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.1002/hep.29055
https://doi.org/10.3978/j.issn.2304-3881.2014.12.01
https://doi.org/10.3978/j.issn.2304-3881.2014.12.01
https://doi.org/10.1016/S1665-2681(19)31461-9
https://doi.org/10.1097/MD.0000000000002159
https://doi.org/10.1016/j.cgh.2015.07.024
https://doi.org/10.1007/s00535-009-0059-1
https://doi.org/10.1038/ajg.2011.327
https://doi.org/10.1371/journal.pone.0046819
https://doi.org/10.1016/S2468-1253(20)30090-X
https://doi.org/10.1016/S2468-1253(20)30077-7
https://doi.org/10.1038/ajg.2016.453
https://doi.org/10.1002/hep.21496
https://doi.org/10.1007/s00535-011-0489-4
https://doi.org/10.1007/s00535-011-0489-4
https://doi.org/10.1007/s00535-006-1790-5
https://doi.org/10.1007/s00535-019-01640-3
https://doi.org/10.1097/MD.0000000000017879
https://doi.org/10.1002/oby.21133
https://doi.org/10.1002/hep.30626
https://doi.org/10.1210/jc.2003-031327
https://doi.org/10.1371/journal.pone.0176446
https://doi.org/10.1111/j.1365-2796.2009.02162.x
https://doi.org/10.1016/s0168-8278(01)00050-2
https://doi.org/10.1111/j.1872-034X.2011.00935.x
https://doi.org/10.1016/S0140-6736(20)31561-0
https://doi.org/10.1016/S0140-6736(20)31561-0
https://doi.org/10.20517/mtod.2021.05
https://doi.org/10.1016/j.jhep.2015.11.004
http://www.nice.org.uk/guidance/ng49
https://doi.org/10.1007/s00535-010-0359-5
https://doi.org/10.2337/dc08-1359
https://doi.org/10.2337/dc08-1359
https://doi.org/10.1038/s41575-018-0014-9


12

Vol:.(1234567890)

Scientific Reports |        (2022) 12:16048  | https://doi.org/10.1038/s41598-022-20124-8

www.nature.com/scientificreports/

	42.	 Saadeh, S. et al. The utility of radiological imaging in nonalcoholic fatty liver disease. Gastroenterology 123, 745–750. https://​doi.​
org/​10.​1053/​gast.​2002.​35354 (2002).

Acknowledgements
We would like to thank Editage for English language editing. The authors would like to thank all participants 
in our study. This research received no specific grant from any funding agency in the public, commercial, or 
not-for-profit sectors.

Author contributions
Conceptualization: M.S., T.O., M.N. Data Curation: M.S., T. Kurihara, T. Kawaguchi, T. Taniguchi. Formal Analy-
sis: M.S., K.K., H.T, H.M. Investigation: M.S., M.K., Y.K, K.O. Methodology: M.S. Project Administration: M.S., 
T.O. Visualization: M.S., H.U., A.F., T. Tomonari. Writing—original draft preparation: M.S. Writing—Review & 
Editing: M.S., Y.S., T. Takayama.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​20124-8.

Correspondence and requests for materials should be addressed to M.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

https://doi.org/10.1053/gast.2002.35354
https://doi.org/10.1053/gast.2002.35354
https://doi.org/10.1038/s41598-022-20124-8
https://doi.org/10.1038/s41598-022-20124-8
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Comparison of the role of alcohol consumption and qualitative abdominal fat on NAFLD and MAFLD in males and females
	Results
	Baseline characteristics of non-MAFLD and MAFLD patients. 
	Comparison of baseline characteristics between MAFLD subgroups. 
	Association between MAFLD and lifestyle habits, metabolic dysregulation, liver enzymes, and noninvasive liver fibrosis scores. 
	Comparison of clinical characteristics between NAFLD and MAFLD patients. 
	Comparison between NAFLD and MAFLD according to the quantity of alcohol consumption. 
	Comparison of qualitative abdominal fat between NAFLD and MAFLD patients. 

	Discussion
	Methods
	Study design and participants. 
	Clinical assessment. 
	Diagnostic criteria for NAFLD and MAFLD. 
	Statistical analysis. 
	Ethical statement. 

	References
	Acknowledgements


