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Sex-specific prevalence and risk
factors of metabolic-associated
fatty liver disease among 75,570
individuals in eastern China

Mingxing Chang, Zhihao Shao, Wei Wei, Peipu Shen*
and Guifang Shen*

Department of Health Management Center, The Affiliated Hospital of Xuzhou Medical University,
Xuzhou, Jiangsu, China

Background: Metabolic-associated fatty liver disease (MAFLD) is a newly
proposed definition and there is limited data on MAFLD prevalence. We aimed
to investigate the prevalence of MAFLD in an eastern Chinese population.

Methods: This cross-sectional study included participants from an eastern
Chinese population who underwent regular health checkups. Based on current
diagnostic criteria, MAFLD was diagnosed in individuals with both hepatic
steatosis and metabolic disorders. The overall and stratified prevalence derived
based on sex, age, body mass index (BMI), and various metabolic disorders were
estimated. Multivariate logistic regression analysis was used to determine the risk
factors for MAFLD.

Results: Among the 75,570 participants, the overall prevalence of MAFLD was
37.32%, with higher rates in men (45.66%) than in women (23.91%). MAFLD
prevalence was highest in men aged 40-49 years (52.21%) and women aged 70—
79 years (44.77%). In all the BMI subgroups, the prevalence was higher in men
than in women. In both sexes, the prevalence of MAFLD increased as BMI levels
increased. Furthermore, MAFLD was associated with metabolic disorders,
especially in the female participants with severe obesity (odds ratio 58.318;
95% confidence interval: 46.978-72.397).

Conclusion: MAFLD is prevalent in the general adult population in eastern China.
Sex-specific differences in MAFLD prevalence were identified based on age, BMI,
and metabolic disorders. MAFLD is associated with metabolic disorders,
particularly obesity.
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1 Introduction

Metabolic-associated fatty liver disease (MAFLD), previously
known as nonalcoholic fatty liver disease (NAFLD), has recently
gained substantial attention because of its high prevalence and
serious health consequences (1, 2). Although NAFLD was initially
considered a liver-specific disease, research has shown the association
of NAFLD with various metabolic dysfunctions and complex
pathophysiological characteristics that potentially lead to liver or
cardiovascular outcomes (3). Recently, an international expert panel
recommended a novel terminology, MAFLD, to reflect the metabolic
association and potentially increase awareness and reduce stigma (4).
NAFLD encompasses a broad spectrum of disease severity, ranging
from mild steatosis to advanced fibrosis and cirrhosis, whereas
MAFLD can better identify individuals with a higher risk of
metabolic and cardiovascular morbidity and mortality (5).

The burden of MAFLD is particularly heavy in China, and it is
estimated that 315 million people would be affected by MAFLD by
2030. MAFLD is the most common cause of chronic liver disease
(6). However, data on the prevalence and risk factors of MAFLD in
Xuzhou, China, over the past decade are lacking. Previous studies
conducted in Central and Southwest China were limited by small
sample sizes, non-resident populations, and incomplete
representation (7-9). Moreover, owing to uneven economic
development and diverse lifestyles among provinces in China,
regional differences in the epidemiology of NAFLD are notable.
Therefore, large-scale epidemiological investigations are needed to
provide a comprehensive understanding of the disease burden of
MAFLD in Xuzhou and to identify high-risk populations.

This cross-sectional comparative study aimed to investigate the
prevalence of MAFLD based on the novel diagnostic criteria. We aimed
to provide a more comprehensive understanding of the association
between MAFLD and multiple metabolic disorders to help contribute
to improved management and prevention of MAFLD.

2 Materials and methods
2.1 Study design and participants

This cross-sectional study used data from an urban population
in eastern China who underwent regular health checkups at the
Affiliated Hospital of Xuzhou Medical University between January
2021 and August 2022. To be included in the study, participants had
to be older than 18 years, should have lived in Xuzhou for at least 5
years, and had to have a diagnosis of hepatic steatosis, confirmed
through abdominal ultrasound. The exclusion criteria included lack
of complete data, cirrhosis, hepatocellular carcinoma, or a history of
liver surgery or malignancy; New York Heart Association Class III
or IV heart failure; chronic kidney disease with an estimated
glomerular filtration rate less than 60mL/min/1.73m” pregnancy
or lactation; and missing outcome measures or lost clinical and
biochemical records. Figure 1 shows the flowchart of the participant
selection process in the study. To prevent data duplication, only the
initial physical examination data of the participants who underwent
multiple physical examinations throughout the year were used.

Frontiers in Endocrinology

10.3389/fendo.2023.1241169

Ethical approval was obtained from the Ethics Committee of the
Affiliated Hospital of Xuzhou Medical University (approval
number: XYFY2023-KL086-01), and the requirement for
informed consent was waived because of deidentified data were
analyzed in this retrospective study.

2.2 Anthropometric measurements and
clinical examination

This study followed a standard measurement method, which
included a physical examination conducted by a professional doctor
to measure height, weight, and blood pressure (BP). The body mass
index (BMI) was calculated using the following formula: BMI (kg/m?) =
weight (kg)/height* (m?). Laboratory data, including fasting plasma
glucose (FPQG), triglyceride (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), alanine aminotransferase (ALT), aspartate transaminase
(AST),-glutamyltransferase (GGT), blood urea nitrogen (BUN),
creatinine (Cr), and uric acid (UA) levels, were collected after at least
an 8-hour fast during the health examinations. Abdominal ultrasound
was performed using ultrasound scanners (Affiniti70, Philips Medical
Systems, USA), and steatosis was diagnosed based on ultrasonographic
patterns such as liver parenchymal brightness, increased echo contrast
between the hepatic and renal parenchyma, and vascular blurring or
poor visualization of the diaphragm (10). Moreover, disease history was
checked from each participant’s health examination results.

2.3 Diagnosis of MAFLD

In this study, we used a novel and positive set of criteria to
diagnose MAFLD regardless of coexisting liver disease or alcohol
consumption (4). The diagnosis of MAFLD was primarily based on
the ultrasonographic detection of hepatic steatosis, in addition to at
least one of the following three criteria: overweight or obese, clinical
evidence of metabolic dysfunction, or type 2 diabetes mellitus
(T2DM). Metabolic dysfunction was determined by the presence
of at least two of the following metabolic risk factors: (1) waist
circumference 290/80 cm for Asian men and women, respectively;
(2) BP 2130/85 mmHg or the specific use of anti-hypertensive
medication; (3) TG=1.70 mmol/L or the specific use of medications
for hypertriglyceridemia; (4) HDL-C <1.0 mmol/L for men and <1.3
mmol/L for women or the specific use of medications to elevate
HDL-G; (5) prediabetes (i.e., FPG 5.6-6.9 mmol/L, or 2-h post-load
glucose levels of 7.8-11.0 mmol/L, or a glycated hemoglobin
(HbAlc) of 5.7%-6.4%); (6) high-sensitivity C-reactive protein
levels >2 mg/L; and (7) homeostasis model assessment-insulin
resistance scores >2.5.

2.4 Definitions

The BMI categories, including underweight (<18.5 kg/m?),
normal (>18.5 to <23 kg/m?), overweight (223 to <25 kg/m?),
obese I (225 to <29.9 kg/m?), and obese IT (=30 kg/m?), were
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126,938 participants with hepatic steatosis between January 2021

and August 2022

~

Exclude for analysis, n=51,368

- age younger than 18 years, n=9,783

- incomplete data, n=35,197

- self-reported history of liver surgery,

cirrhosis or cancers, n=2,651

- severe heart or kidney dysfunction,
n=2,946

- pregnant or lactation, n=791

[ 75,570 participants were included in the final analysis ]

MAFLD cases
(n=28,206)

non-MAFLD controls
(n=47,364)

FIGURE 1
Flowchart of the study design.

determined using the BMI criteria for Asians established by the
regional office for the Western Pacific Region of the WHO (11).
Hypertension (HTN) was diagnosed based on a self-reported
history of HTN determined previously by a healthcare
professional if systolic blood pressure (SBP) was =140 mmHg
and/or diastolic blood pressure (DBP) was 290 mmHg, or if a
patient was taking specific drug treatment (12). T2DM was defined
as having a self-reported history of diabetes determined by a
healthcare professional or FPG levels >7.0 mmol/L, or if a patient
was taking specific drug treatments (13). Dyslipidemia was defined
according to the guidelines for the prevention and treatment of
dyslipidemia in Chinese adults, with the following criteria: (1) TC
>5.2 mmol/L; (2) LDL-C >3.4 mmol/L; (3) HDL-C <1.0 mmol/L;
(4) TG =1.7 mmol/L (14).

2.5 Statistical analysis

Statistical analyses were conducted using SPSS version 22.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were used to present
continuous variables as mean + standard deviation (SD) or medians
with interquartile ranges (IQR) and categorical variables as
proportions (%). The Student’s ¢-test or Mann-Whitney U test was
used to compare differences between individuals with and without
MAFLD for continuous variables, whereas the chi-square test was
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used for categorical variables. Prevalence rates and 95% confidence
intervals (CI) were calculated and analyzed for the different age, BMI,
and metabolic-disorder groups. Binary logistic regression analysis
was employed to explore the related risk factors for MAFLD and to
calculate the corresponding odds ratios (OR) and 95% CL

3 Results

3.1 Clinical and biochemical characteristics
of the participants

A total of 75,570 participants were analyzed, comprising 46,610
males (61.68%) and 28,960 females (38.32%). The baseline
characteristics of the study participants are presented in Table 1.
The median ages of those with and without MAFLD were 46 years
(IQR:36-56 years) and 41 years (IQR:32-54 years), respectively
(p<0.0001). Among all participants, 28,206 (37.32%) were
diagnosed with MAFLD and 47,364 served as non-MAFLD
controls. The prevalence of MAFLD was significantly higher in
males (n=21,281, 45.66%) than in females (n=6,925, 23.91%)
(P<0.0001). In males and females, significant differences in blood
pressure, BMI, and levels of FPG, TC, TG, LDL-C, ALT, AST, GGT,
BUN, Cr, and UA (all P<0.0001) were observed between those with
and without MAFLD. The proportion of metabolic disorders,
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TABLE 1 Baseline characteristics of the MAFLD and non-MAFLD groups.

Variables Female Male

Non-MAFLD MAFLD Non-MAFLD MAFLD

(n=22,035)

(n=6,925) (n=25,329) (n=21,281)

General information

Age (years) 40 (32,52) 53 (41,60) <0.0001 42 (32,55) 44 (35,54) <0.0001
BMI (kg/m2) 21.99 +2.55 26.34 + 2.92 <0.0001 24.03 + 2.88 27.41 +2.93 <0.0001
SBP (mmHg) 118.44 + 16.58 132.47 + 18.72 <0.0001 12791 + 16.46 133.14 + 15.86 <0.0001
DBP (mmHg) 71.63 + 10.02 78.15 + 10.97 <0.0001 78.16 + 10.91 83.11 + 11.12 <0.0001
Glucolipid metabolism

FPG (mmol/L) 4.97 (4.68,5.28) 5.31 (4.94,5.83) <0.0001 5.14 (4.82,5.53) 5.36 (4.98,5.88) <0.0001
TC (mmol/L) 4.57 +0.95 494 +1.01 <0.0001 451+ 091 478 +0.97 <0.0001
TG (mmol/L) 0.92 (0.7,1.26) 1.6 (1.15,2.22) <0.0001 1.22 (0.89,1.72) 1.87 (1.32,2.72) <0.0001
HDL (mmol/L) 1.49 (1.3,1.71) 1.31 (1.15,1.5) <0.0001 1.25 (1.1,1.43) 1.14 (1.01,1.29) <0.0001
LDL (mmol/L) 2.85+0.71 32+074 <0.0001 2.91 + 0.69 312 +£07 <0.0001
Liver function

ALT (U/L) 13 (10,17) 18 (14,25) <0.0001 19 (15,27) 27 (20,40) <0.0001
AST (U/L) 17 (15,21) 19 (16,23) <0.0001 19 (17,23) 22 (18,27) <0.0001
GGT (U/L) 14 (11,18) 20 (15,28) <0.0001 23 (18,34) 35 (25,54) <0.0001
Kidney function

BUN (mmol/L) 452+ 1.18 479 +1.25 <0.0001 527 +1.29 527 £1.25 0.521
Cr (umo/L) 54.43 + 8.27 54.02 + 8.94 0.001 73.35 + 14.38 72.83 + 11.56 <0.0001
UA (umo/L) 255.55 + 55.55 294.33 + 65.53 <0.0001 348.13 + 73.88 382.98 + 81.65 <0.0001
Metabolic disorder

Obesity n (%) 2,611 (11.85%) 4,525 (65.34%) <0.0001 8,772 (34.63%) 17,137 (80.53%) <0.0001
T2DM n (%) 362 (1.64%) 659 (9.52%) <0.0001 1,501 (5.93%) 2,325 (10.93%) <0.0001
HTN n (%) 2,938 (13.33%) 2,692 (38.87%) <0.0001 7,172 (28.32%) 9,206 (43.26%) <0.0001
Dyslipidemia n (%) 6,949 (31.54%) 4,565 (65.92%) <0.0001 11,654 (46.01%) 15,748 (74%) <0.0001

Data are expressed as mean+SD or medians (IQRs) for skewed variables or numbers (proportions) for categorical variables. ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass
index; BUN, blood urea nitrogen; Cr, creatinine; DBP, diastolic blood pressure; FPG, fasting plasma glucose; GGT, y-glutamyltransferase; HDL-C, high-density lipoprotein cholesterol; HTN, hypertension;
LDL-C, low-density lipoprotein cholesterol; MAFLD, metabolic-associated fatty liver disease; SBP, systolic blood pressure; TC, total cholesterol; T2DM, type 2 diabetes mellitus; TG, triglyceride; UA, uric acid.

including obesity, T2DM, HTN, and dyslipidemia, was significantly
higher in the MAFLD group than in the non-MAFLD group (all
p<0.0001). Among participants with MAFLD, the prevalence of
obesity was 80.53% and 65.34% in males and females, respectively,
and this indicated that obesity was the most prevalent
metabolic condition.

3.2 Prevalence of MAFLD and stratification
by sex, age, BMI, and metabolic disorder

The MAFLD prevalence was not linearly associated with age
(Figure 2). In the overall population, the prevalence gradually
increased with age, peaking at 44.27% in the age group 50-59
years, and then slightly decreased. Interestingly, in the male group,
the prevalence rate rapidly increased between the ages of 18-39,
then slowed down, with a peak rate of 52.21% in the age group of
40-49 years. After 50 years of age, the prevalence rate gradually
decreased, and the lowest rate of 31.91% was found in the group of
participants aged over 80 years. In contrast, in females, the lowest
prevalence was 8% among those under 30 years of age. The
prevalence rate of MAFLD in the female group gradually
increased in the 18-49 years age range and rapidly increased after
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the age of 50 years, reaching a peak of 44.77% between the ages of
70-79. Before the age of 65, the prevalence rate was significantly
higher in males than in females (46.67% vs. 21.77%, ¥2
value=68603, p<0.0001), whereas after age 65, the prevalence rate

Male

~ Total = Female ~
60

50 Q

40

30

20

Prevalence of MAFLD (%)

10

30 40 50 60 70 80
Age (years)

FIGURE 2
Sex-stratified prevalence of MAFLD in different age groups.
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was significantly lower in males than in females (35.71% vs. 45.06%,
x2 value=6967, p<0.0001).

When stratified by BMI and metabolic disorders, sex-specific
differences were observed in the prevalence of MAFLD. In the total
population, the prevalence rates of MAFLD among individuals with
underweight/normal, overweight, and obesity were 4%, 32%, and
65.5%, respectively. Interestingly, men had a considerably higher
prevalence of MAFLD than women across all BMI categories (all
p<0.0001). The prevalence of MAFLD increased with increasing BMI
in both men and women (Table 2). The highest prevalence rates of
MAFLD were observed in males with obesity (66.14%) and in females
with T2DM (64.54%). Additionally, males with obesity, HTN, and
dyslipidemia had higher MAFLD rates than the females (all p<0.0001).
Conversely, the prevalence of MAFLD in males with T2DM was
significantly lower than that in females (p<0.0001; Table 3).

3.3 Risk factors for MAFLD

In both males and females, DBP, FPG, TG, ALT, GGT, and UA
were positively associated with the ORs of MALFD, whereas HDL-C
was negatively associated with the ORs of MALFD (all p<0.0001). The
relationship between age, BMI, and MAFLD is presented in Figure 3,
which shows the incidence of MAFLD across various age groups and
BMI categories. Independent of sex, each age group was associated with
MAFLD incidence, with a higher risk observed in older individuals.
Among women, the highest risk of MAFLD was observed in the 60-69
years age group (OR=3.005; 95% CI: 2.484-3.634), whereas for men,
the risk tended to be similar across all age groups, except for those aged
50-59 years (OR=1.975, 95% CI: 1.813-2.151). Accounting for
potential confounding factors, the risk of MAFLD increased with an
increase in BMI. For individuals with BMI <25 kg/m2, the risk of
MAFLD was slightly higher in women than in men. However, in those
with BMI 225 kg/m2, the risk of MAFLD in men is significantly higher
than that in women. Notably, the risk increased significantly for both
men and women when the BMI was >30 kg/mz, and reached ORs of
38.82 (95% CI: 34.113-44.178) for men and 58.318 (95% CI: 46.978-
72.397) for women.

4 Discussion

This cross-sectional study investigated the epidemiological
characteristics of MAFLD and its associated risk factors in a large

TABLE 2 Prevalence of MAFLD in different BMI groups stratified by sex.

BMI<23, %, (n)

10.3389/fendo.2023.1241169

population in Xuzhou, China. Our findings revealed that MAFLD
poses a significant burden on the Chinese population undergoing
health check-ups, with an overall prevalence of 37.32%. Notably, we
observed a sex-specific difference in MAFLD prevalence, with men
having a higher prevalence (45.66%) than women (23.91%). This
indicated that men were more susceptible to MAFLD. In addition,
our subgroup analysis based on age, BMI, and metabolic disorder
showed that these sex-specific differences still existed, with males
being more vulnerable to MAFLD than females at any given BMI,
age group before 65 years, and different metabolic states.
Furthermore, our data revealed a close association between
MAFLD and BMI, as well as age, with participants who had a
higher BMI and age having a significantly higher prevalence. These
findings suggest that increased BMI and age may play a significant
role in the onset and development of MAFLD.

First and foremost, we would like to discuss the particular
division of our study groups. According to the new definition,
hepatic steatosis is a prerequisite for MAFLD. Consequently,
patients who do not have hepatic steatosis or have hepatic
steatosis without a metabolic disorder should be classified as non-
MAFLD individuals. In theory, our study should perform a
comparison between those general non-MAFLD individuals and
MAFLD patients. However, our study primarily focuses on
investigating the influence of metabolic disorders on the
prevalence of hepatic steatosis in light of the new definition of
MAFLD and comparing the epidemiological variances between
hepatic steatosis patients with and without metabolic disorders.
Therefore, instead of comparing the general non-MAFLD group,
we chose to compare a specific group of non-MAFLD (hepatic
steatosis without metabolic disorder) against the MAFLD group.

China has seen a significant increase in the prevalence of
MAFLD over the past few decades - from 23.8% in 2001 to
32.9% in 2018 (15). This trend is expected to continue because of
the increasing prevalence of obesity, diabetes, and metabolic
syndrome. By 2030, it is projected that there will be
approximately 314.58 million cases of MAFLD, indicating that
the disease will have a profound impact in the years to come (6).
Our study found a prevalence rate of 37.32%, which is consistent
with the reported prevalence of MAFLD (38.1%) in the United
States (16). A meta-analysis of observational data also found pooled
prevalence rates of 39.22% and 33.86%, respectively (17). The new
term “MAFLD” could potentially explain the increased occurrence
of the disease in individuals who have both excessive alcohol

23<BMI<25, %, (n)
(n=17,257)

BMI>25, %, (n)
(n=33,045)

(n=25,268)
Total 4.02 (n=1,016)
Female 3.55 (n=554)
Male 4.79 (n=462)
P-value <0.0001

P value for comparison between female and male.
BMI (kg/m,), body mass index.
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32.03 (n=5,528) 65.55 (n=21,662)

29.74 (n=1,846) 6341 (n=4,525)
3332 (n=3,682) 66.14 (n=17,137)

<0.0001 <0.0001
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TABLE 3 Prevalence of MAFLD in participants with different metabolic disorders stratified by sex.

Obesity, %, (n)

(n=33,045)

T2DM, %, (n)
(n=4,847)

HTN, %, (n)
(n=22,008)

10.3389/fendo.2023.1241169

Dyslipidemia, %, (n)
(n=38,916)

Total 65.55 (n=21662) 61.56 (n=2,984) 54.06 (n=11,898) 52.20 (n=20,313)
Female 63.41 (n=4,525) 64.54 (n=659) 47.82 (n=2,692) 39.65 (n=4,565)
Male 66.14 (n=17,137) 60.77 (n=2,325) 56.21 (n=9,206) 57.47 (n=15,748)
P value <0.0001 0.028 <0.0001 <0.0001

P value for comparison between female and male.
T2DM, type 2 diabetes mellitus; HTN, hypertension.

consumption or viral infections in addition to metabolic disorders.
Furthermore, our study revealed a clear male predominance in the
prevalence of MAFLD, with a markedly higher estimated
prevalence in males (45.66%) than in females (23.91%). This
result is consistent with that of a recent nationwide study
involving 2,083,984 participants (18). However, another study
suggested a higher frequency of MAFLD in women (31.7%) than
in men (25.5%), which may be due to a smaller sample size and
different age groups in the study population (8). This study included
only 5,377 participants with a mean age of 67 years, which may have
included a high proportion of estrogen-deficient postmenopausal
women, although estrogen has been shown to be a protective factor
against MAFLD (19). Overall, our study and previous studies have
consistently shown significant sex-specific differences in the
prevalence of MAFLD.

Aging has been linked to various metabolic disorders in
numerous studies (20). To examine the impact of age and sex on
the prevalence of MAFLD, we categorized the participants based on
age and sex. Our findings indicate that the prevalence of MAFLD is
not linearly associated with age but is affected by sex. The highest
prevalence of MAFLD was observed in the quinquagenarian (50-59
years old) group, suggesting that MAFLD is more prevalent in
middle-aged individuals. Similarly, the prevalence of MAFLD in
males peaks at approximately 50 years of age and declines

thereafter. Possible reasons include the following: middle-aged
men may face higher stress and social obligations that lead to
unhealthy habits, such as excessive drinking, which increases their
risk of developing metabolic diseases. In contrast, women showed a
slow increase in susceptibility to MAFLD until the age of 50 years,
after which it accelerated sharply. This sex difference in the peak
prevalence suggests that a decrease in estrogen levels may be the
primary cause of the sudden increase in MAFLD prevalence in older
women. Low estrogen levels during the postmenopausal period may
be an important risk factor for MAFLD in women, as several studies
have shown that decreased estrogen levels are associated with
metabolic disorders (21, 22). Moreover, decreased estrogen levels
can cause an increase in pro-inflammatory cytokine levels and
decrease hepatic insulin clearance, allowing the development of
diet-induced insulin resistance, thus promoting the formation of
MAFLD (23, 24). Finally, we recommend paying special attention to
the young male generation (18-39 years old), as they have
experienced the fastest growth rate in MAFLD prevalence. Early
intervention effectively reduced the risk of MAFLD.

Our study found a positive correlation between BMI and
prevalence of MAFLD, with men having a higher prevalence of
MAFLD than women across all BMI categories. Obesity is a major
independent and modifiable risk factor for MAFLD, which is
supported by numerous epidemiological studies linking an

age (year) OR(95% Cl) P value BMI (kg/m?) OR (95% CI) P value
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50 ~59 o : — 1.975(1.813.2.151) <0.0001
40~49 | ! —_ 1.752 (1.608-1.909) <0.0001 23~249 41 - 7.509(6.763.8.337)  <0.0001
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Forest map for binary logistic regression analysis of women and men. (A) OR for the association between age and MAFLD in men. (B) OR for the
association between age and MAFLD in women. (C) OR for the association between BMI and MAFLD in men. (D) OR for the association between

BMI and MAFLD in women.
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increasing obesity rate to a simultaneous increase in the prevalence
of MAFLD (25, 26). Chang et al. also discovered a strong
approximately linear relationship between the incidence of fatty
liver and an increased baseline BMI. Regardless of metabolic
abnormalities, patients with obesity have a higher risk of
developing fatty liver (27). Our study confirmed that overweight
and obesity were the primary risk factors for MAFLD in both men
and women. To better understand the association between the
severity of obesity and MAFLD, we divided obesity into moderate
and severe obesity categories. Compared to normal-weight
individuals, we discovered that the prevalence of MAFLD was
38.82 and 58.318 times higher in male and female patients with
severe obesity, respectively, indicating that women with severe
obesity are at a higher risk of developing MAFLD. The reasons
for the stronger association between BMI and incident MAFLD in
female patients with obesity are unclear; however, excess adiposity
may be a more significant contributor to fatty liver in women than
in men. Further research is required to fully understand these sex-
related differences. These findings highlight the close association
between increased BMI and MAFLD and emphasize the importance
of weight management. As outlined in the guidelines for MAFLD
management, lifestyle interventions play a key role in the primary
and secondary prevention of MAFLD (28). Most lifestyle
interventions achieve a weight loss of 5% to 10%, leading to
significant improvements in hepatic histological features
(steatosis, inflammation, and fibrosis) and a reduction in
cardiovascular disease risk (29, 30).

Our study revealed a high prevalence of metabolic
abnormalities in patients with MAFLD. Furthermore, patients
with metabolic disorders have a higher prevalence of MAFLD.
These results suggest that MAFLD is closely associated with
systemic metabolic disorders, indicating a multifaceted
relationship between MAFLD and MetS. It is also noteworthy
that MAFLD can better predict disease progression and severity
than NAFLD (9). Another interesting finding from our study is that
males with obesity, HTN, and dyslipidemia exhibited higher
MAFLD rates than females. This suggests that males with these
metabolic dysfunctions may be more vulnerable to MAFLD and
indicates the need for further study. In contrast, females with
T2DM had higher rates of MAFLD, likely because of the
interaction between T2DM and MAFLD. Similarly, a previous
study in Scotland based on hospital and death records spanning
over 10 years found that males with T2DM were three times more
likely to develop NAFLD, while females had a five-fold increased
risk of NAFLD (31).

Nonetheless, the limitations of this study warrant further
investigation. First, MAFLD diagnosis relies on ultrasonography,
which may have reduced the sensitivity when liver steatosis is <30%
(32). Therefore, using ultrasound to screen for MAFLD may have
underestimated the true prevalence of MAFLD, although the
possibly underestimated value in our study has already
demonstrated the heavy burden of MAFLD in China. Second, we
did not measure 2-h postload blood glucose, HbAlc, waist
circumference, insulin resistance index, or high-sensitivity C-
reactive protein levels, which are necessary components for
defining metabolic disorders and MAFLD. Furthermore, accurate
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records of lifestyle factors or dietary habits were not well documented
in this large retrospective database, which were also potential risk
factors and could help us to better understand the natural history of the
disease. Third, our study did not record the estrogen levels or
menopausal status, which are essential factors for understanding the
correlation between sex-specific differences in the prevalence of
MAFLD. Lastly, selection bias was inherent, as we only included
asymptomatic individuals from a single center. In conclusion,
multicenter prospective studies with larger populations and more
diverse potential risk factors, including lifestyle factors and dietary
habits, are required to fully support and validate our findings.

5 Conclusion

Our findings suggest a high prevalence of MAFLD and a high
prevalence of other metabolic disorders, particularly obesity, in the
population. These results contribute to the understanding of the
epidemiological characteristics of MAFLD based on health
checkups in China. It is essential to focus on preventing and
managing multiple metabolic disorders, particularly obesity, to
effectively treat MAFLD. These findings have significant
implications for the development of personalized interventions to
prevent and treat MAFLD in high-risk groups.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary materials. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of the Affiliated Hospital of Xuzhou Medical University.
The studies were conducted in accordance with the local legislation
and institutional requirements. The requirement for informed
consent was waived because of deidentified data were analyzed in
this retrospective study.

Author contributions

MG, PS, and GS conceived and designed the study. MC, ZS, and
WW coordinated data collection and conducted the analyses. MC
wrote the manuscript. All authors contributed to the article and
approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1241169
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Chang et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Yoneda M, Yamamoto T, Honda Y, Imajo K, Ogawa Y, Kessoku T, et al. Risk of
cardiovascular disease in patients with fatty liver disease as defined from the metabolic
dysfunction associated fatty liver disease or nonalcoholic fatty liver disease point of
view: a retrospective nationwide claims database study in Japan. ] Gastroenterol (2021)
56(11):1022-32. doi: 10.1007/s00535-021-01828-6

2. Liang Y, Chen H, Liu Y, Hou X, Wei L, Bao Y, et al. Association of MAFLD with
diabetes, chronic kidney disease, and cardiovascular disease: A 4.6-year cohort study in
China. J Clin Endocrinol Metab (2022) 107(1):88-97. doi: 10.1210/clinem/dgab641

3. Mantovani A, Csermely A, Petracca G, Beatrice G, Corey KE, Simon TG, et al.
Non-alcoholic fatty liver disease and risk of fatal and non-fatal cardiovascular events:
an updated systematic review and meta-analysis. Lancet Gastroenterol Hepatol (2021) 6
(11):903-13. doi: 10.1016/S2468-1253(21)00308-3

4. Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G, Romero-Gomez M,
et al. A new definition for metabolic dysfunction-associated fatty liver disease: an
international expert consensus statement. ] Hepatol (2020) 73(1):202-9. doi: 10.1016/
j.jhep.2020.03.039

5. Lee H, Lee YH, Kim SU, Kim HC. Metabolic dysfunction-associated fatty liver
disease and incident cardiovascular disease risk: A nationwide cohort study. Clin
Gastroenterol Hepatol (2021) 19(10):2138-47.e10. doi: 10.1016/j.cgh.2020.12.022

6. Estes C, Anstee QM, Arias-Loste MT, Bantel H, Bellentani S, Caballeria J, et al.
Modeling NAFLD disease burden in China, France, Germany, Italy, Japan, Spain,
United Kingdom, and United States for the period 2016-2030. ] Hepatol (2018) 69
(4):896-904. doi: 10.1016/j.jhep.2018.05.036

7. Huang YP, Zhang S, Zhang M, Wang Y, Wang WH, Li J, et al. Gender-specific
prevalence of metabolic-associated fatty liver disease among government employees in
Tianjin, China: a cross-sectional study. BMJ Open (2021) 11(12):e056260. doi: 10.1136/
bmjopen-2021-056260

8. Fan J, Luo S, Ye Y, Ju J, Zhang Z, Liu L, et al. Prevalence and risk factors of
metabolic associated fatty liver disease in the contemporary South China population.
Nutr Metab (2021) 18(1):82. doi: 10.1186/s12986-021-00611-x

9. Lin S, Huang J, Wang M, Kumar R, Liu Y, Liu S, et al. Comparison of MAFLD and
NAFLD diagnostic criteria in real world. Liver Int (2020) 40(9):2082-9. doi: 10.1111/liv.14548

10. Fan JG, Farrell GC. Epidemiology of non-alcoholic fatty liver disease in China. J
Hepatol (2009) 50(1):204-10. doi: 10.1016/}.jhep.2008.10.010

11. World Health Organization. The Asia Pacific perspective: redefining obesity and
its treatment (2000). Available at: https://apps.who.int/iris/handle/10665/206936
(Accessed October 2021).

12. LuJ, Lu Y, Wang X, Li X, Linderman GC, Wu C, et al. Prevalence, awareness,
treatment, and control of hypertension in China: data from 1.7 million adults in a
population-based screening study (China PEACE Million Persons Project). Lancet
(2017) 390(10112):2549-58. doi: 10.1016/S0140-6736(17)32478-9

13. Jia W, Weng J, Zhu D, Ji L, Lu J, Zhou Z, et al. Chinese diabetes society.
Standards of medical care for type 2 diabetes in China 2019. Diabetes Metab Res Rev
(2019) 35(6):e3158. doi: 10.1002/dmrr.3158

14. Joint Committee for Developing Chinese guidelines on Prevention and Treatment of
Dyslipidemia in Adults. Chinese Guidelines on prevention and treatment of dyslipidemia in
adults. Zhonghua Xin Xue Guan Bing Za Zhi (2007) 35(5):390-419.

15. Zhou J, Zhou F, Wang W, Zhang X, Ji Y, Zhang P, et al. Epidemiological features of
NAFLD from 1999 to 2018 in China. Hepatol (2020) 71(5):1851-64. doi: 10.1002/hep.31150

16. Wong RJ, Cheung R. Trends in the prevalence of metabolic dysfunction
associated fatty liver disease in the United States, 2011-2018. Clin Gastroenterol
Hepatol (2022) 20(3):e610-3. doi: 10.1016/j.cgh.2021.01.030

Frontiers in Endocrinology

08

10.3389/fendo.2023.1241169

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

17. Lim GEH, Tang A, Ng CH, Chin YH, Lim WH, Tan DJH, et al. An
observational data meta-analysis on the differences in prevalence and risk factors between
MAFLD vs NAFLD. Clin Gastroenterol Hepatol (2023) 21(3):619-29.e7. doi: 10.1016/
j.cgh.2021.11.038

18. Lei F, QinJJ, Song X, Liu YM, Chen MM, Sun T, et al. The prevalence of MAFLD
and its association with atrial fibrillation in a nationwide health check-up population in
China. Front Endocrinol (2022) 13:1007171. doi: 10.1002/hep.30702

19. Della Torre S. Beyond the X factor: relevance of sex hormones in NAFLD
pathophysiology. Cells (2021) 10(9):2502. doi: 10.3390/cells10092502

20. HuD, Yan W, Zhu ], Zhu Y, Chen J. Age-related disease burden in China, 1997-
2017: findings from the global burden of disease study. Front Public Health (2021)
9:638704(2). doi: 10.3389/fpubh.2021.638704

21. Alemany M. Estrogens and the regulation of glucose metabolism. World |
Diabetes (2021) 12(10):1622-54. doi: 10.4239/wjd.v12.i110.1622

22. Tramunt B, Smati S, Grandgeorge N, Lenfant F, Arnal JF, Montagner A, et al. Sex
differences in metabolic regulation and diabetes susceptibility. Diabetologia (2020) 63
(3):453-61. doi: 10.1007/s00125-019-05040-3

23. Riant E, Waget A, Cogo H, Arnal JF, Burcelin R, Gourdy P. Estrogens protect
against high-fat diet-induced insulin resistance and glucose intolerance in mice.
Endocrinol (2009) 150(5):2109-17. doi: 10.1210/en.2008-0971

24. DiStefano JK. NAFLD and NASH in postmenopausal women: implications for
diagnosis and treatment. Endocrinol (2020) 161(10):bqaal34. doi: 10.1210/endocr/bgaal34

25. Pan X-F, Wang L, Pan A. Epidemiology and determinants of obesity in
China. Lancet Diabetes Endocrinol (2021) 9(6):373-92. doi: 10.1016/s2213-8587(21)
00045-0

26. Ng CH, Huang DQ, Nguyen MH. Nonalcoholic fatty liver disease versus
metabolic-associated fatty liver disease: Prevalence, outcomes and implications
of a change in name. Clin Mol Hepatol (2022) 28(4):790-801. doi: 10.3350/
c¢mh.2022.0070

27. Chang Y, Jung HS, Cho J, Zhang Y, Yun KE, Lazo M, et al. Metabolically healthy
obesity and the development of nonalcoholic fatty liver disease. Am J Gastroenterol
(2016) 111(8):1133-40. doi: 10.1038/ajg.2016.178

28. Eslam M, Sarin SK, Wong VW, Fan JG, Kawaguchi T, Ahn SH, et al. The Asian
Pacific Association for the study of the Liver clinical practice guidelines for the
diagnosis and management of metabolic associated fatty liver disease. Hep Intl
(2020) 14(6):889-919. doi: 10.1007/s12072-020-10094-2

29. Vilar-Gomez E, Martinez-Perez Y, Calzadilla-Bertot L, Torres-Gonzalez A, Gra-
Oramas B, Gonzalez-Fabian L, et al. Weight Loss through lifestyle modification
significantly reduces features of nonalcoholic steatohepatitis. Gastroenterol (2015)
149(2):367-78. doi: 10.1053/j.gastro.2015.04.005

30. Zhou XD, Cai J, Targher G, Byrne CD, Shapiro MD, Sung KC, et al. CHESS-
MAFLD consortium. Metabolic dysfunction-associated fatty liver disease and
implications for cardiovascular risk and disease prevention. Cardiovasc Diabetol
(2022) 21(1):270. doi: 10.1186/512933-022-01697-0

31. Wild SH, Morling JR, McAllister DA, Kerssens ], Fischbacher C, Parkes J. et al;
Scottish and Southampton Diabetes and Liver Disease Group; Scottish Diabetes
Research Network Epidemiology Group. Type 2 diabetes and risk of hospital
admission or death for chronic liver diseases. J Hepatol (2016) 64(6):1358-64.
doi: 10.1016/}.jhep.2016.01.014

32. Hernaez R, Lazo M, Bonekamp S, Kamel I, Brancati FL, Guallar E, et al.
Diagnostic accuracy and reliability of ultrasonography for the detection of fatty liver:
a meta-analysis. Hepatol (2011) 54(3):1082-90. doi: 10.1002/hep.24452

frontiersin.org


https://doi.org/10.1007/s00535-021-01828-6
https://doi.org/10.1210/clinem/dgab641
https://doi.org/10.1016/S2468-1253(21)00308-3
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.1016/j.cgh.2020.12.022
https://doi.org/10.1016/j.jhep.2018.05.036
https://doi.org/10.1136/bmjopen-2021-056260
https://doi.org/10.1136/bmjopen-2021-056260
https://doi.org/10.1186/s12986-021-00611-x
https://doi.org/10.1111/liv.14548
https://doi.org/10.1016/j.jhep.2008.10.010
https://apps.who.int/iris/handle/10665/206936
https://doi.org/10.1016/S0140-6736(17)32478-9
https://doi.org/10.1002/dmrr.3158
https://doi.org/10.1002/hep.31150
https://doi.org/10.1016/j.cgh.2021.01.030
https://doi.org/10.1016/j.cgh.2021.11.038
https://doi.org/10.1016/j.cgh.2021.11.038
https://doi.org/10.1002/hep.30702
https://doi.org/10.3390/cells10092502
https://doi.org/10.3389/fpubh.2021.638704
https://doi.org/10.4239/wjd.v12.i10.1622
https://doi.org/10.1007/s00125-019-05040-3
https://doi.org/10.1210/en.2008-0971
https://doi.org/10.1210/endocr/bqaa134
https://doi.org/10.1016/s2213-8587(21)00045-0
https://doi.org/10.1016/s2213-8587(21)00045-0
https://doi.org/10.3350/cmh.2022.0070
https://doi.org/10.3350/cmh.2022.0070
https://doi.org/10.1038/ajg.2016.178
https://doi.org/10.1007/s12072-020-10094-2
https://doi.org/10.1053/j.gastro.2015.04.005
https://doi.org/10.1186/s12933-022-01697-0
https://doi.org/10.1016/j.jhep.2016.01.014
https://doi.org/10.1002/hep.24452
https://doi.org/10.3389/fendo.2023.1241169
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Sex-specific prevalence and risk factors of metabolic-associated fatty liver disease among 75,570 individuals in eastern China
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 Anthropometric measurements and clinical examination
	2.3 Diagnosis of MAFLD
	2.4 Definitions
	2.5 Statistical analysis

	3 Results
	3.1 Clinical and biochemical characteristics of the participants
	3.2 Prevalence of MAFLD and stratification by sex, age, BMI, and metabolic disorder
	3.3 Risk factors for MAFLD

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


