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ABSTRACT

Objectives To explore the prevalence and risk factors of
metabolic-associated fatty liver disease (MAFLD) in Tianjin
government employees of different genders.

Design Cross-sectional study.

Setting Health Management Center of Tianjin Union
Medical Center.

Participants 16 924 government employees (59.6%
male).

Measures Ultrasound liver examination was performed to
determine whether there is fat accumulation in the organ.
Participants’ weight and height were measured, and body
mass index (BMI) was calculated.

Results The overall prevalence of MAFLD in this
population was 40.76%. The rates were significantly
higher in men (49.42%) than in women (27.97%). The
prevalence of MAFLD was highest in men aged 40-49
years (54.04%) and women aged 60-69 years (43.44%).
In all BMI groups, the prevalence was higher in men

than that in women. In both genders, higher BMI was
associated with the risk of MAFLD, especially for BMI
>31.9kg/m?.

Conclusions The prevalence of MAFLD in government
employees in Tianjin was significantly higher than the
average level in China. The prevalence varied by sex and
age group, and those with high BMI were at the highest
risk of developing MAFLD.

INTRODUCTION

Metabolic-associated ~ fatty liver disease
(MAFLD), formerly named non-alcoholic
fatty liver disease (NAFLD), is a series of
progressive liver diseases ranging from
steatosis, fatty liver disease, fibrosis, cirrhosis to
hepatocellular carcinoma.' * Although many
preliminary studies have found evidence that
associates MAFLD with sedentary lifestyles,
overnutrition and metabolic dysfunction,
including type 2 diabetes mellitus (T2DM),
dyslipidaemia, hypertension and obesity,* ™ its
genesis is far from being completely clarified.”
Other experiments have already verified that
gender differences also affect the prevalence
of MAFLD.> An International Consensus
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Strengths and limitations of this study

» This was a large-scale study on the prevalence of
metabolic-associated fatty liver disease (MAFLD)
and its risk factors among Tianjin government
employees.

» A limitation is that insulin resistance was assessed
by the triglyceride-glucose index.

» Another limitation is that waist circumference,
haemoglobin Alc and +y-glutamyl peptidase were
not measured; only body mass index, fasting plas-
ma glucose and alanine aminotransferase were
measured.

» A further limitation is that participants’ medication
backgrounds were not collected and the severity of
coronary heart disease was not considered.

Panel suggested that the nomenclature
MAFLD more accurately reflects the current
knowledge of fatty liver diseases associated
with metabolic dysfunction,” so the change
from NAFLD to MAFLD helps identify indi-
viduals with a higher risk of liver or cardio-
vascular outcomes.®” More recent evidence
reveals that Tianjin’s abdominal obesity rate
ranked first in China in both genders.” This
representative cross-sectional study of 174
840 Chinese adults suggested that the higher
rates may be related to the breakfast options
that are more popular in Tianjin: crispy rice,
bean curd and pancake dumplings. A recent
study by Pan et al’ showed that obesity is asso-
ciated with the level of education in China.
Among the male population, education level
of male and obesity rates are directly propor-
tional, but the opposite phenomenon is
observed among the female population.’
The global prevalence of MAFLD is esti-
mated to be 25.24%."" Considering the male
population, the ranges vary between 4.3%
and 42%. The numbers change for the female
population: the ranges go from 1.6% to 24%
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in different cohorts."" The incidence of MAFLD extent
from 19 to 44.5/1000 person-years in Asia,'" and the prev-
alence of this condition in China only reaches 29.2%."
Moreover, because of the variant obesity rates and the
different regional and economic development levels, the
prevalence rates are constantly oscillating."™" In the past
20 years, due to China’s rapid economic ascendance, the
prevalence of MAFLD in coastal areas has significantly
increased with the growth of per capita Gross National
Product (GDP)."

Patients with simple steatosis are prone to develop more
severe liver fibrosis and cirrhosis. Studies have found
that some patients with this condition are also at risk of
developing hepatocellular carcinoma.” '® It has been
demonstrated that cardiovascular diseases have become
the major cause of death for patients with advanced
MAFLD."” Among patients with MAFLD, the risk of liver-
related morbidity and mortality is very high, and most
of them are accompanied by metabolic complications.
Those include obesity, dyslipidaemia, T2DM and meta-
bolic syndrome,'®'® which may put more pressure on the
public health system and increase the economic burden
to keep it functional.

Although the prevalence of MAFLD is high all over
China, which directly affects its economic system, the
high rates of MAFLD and obesity among Tianjin govern-
ment employees have not yet been explained by any other
phenomena. We have designed this cross-sectional study
to clarify this issue in Tianjin and to explore the risk
factors of MAFLD to provide a novel basis for relevant
departments to plan effective preventive measures.

METHODS

Participants

A total of 18190 government employees from the Tianjin
Union Medical Center-Health Management Center
undergoing an annual health examination took part in
this study from January 2020 to December 2020. Partic-
ipants with incomplete physical examination data, such
as height, weight, biochemical analysis and abdominal
ultrasound, were excluded (n=706). To avoid duplication
of information, we only use the first physical examina-
tion data of participants who underwent multiple phys-
ical examinations throughout the year (n=560). Finally,
a total of 16924 participants with complete health exam-
ination data were included in the study, which accounted
for 93.04% of the total (online supplemental figure 1).

Patient and public involvement

No patients were involved in setting the research question
or the outcome measures, nor were they involved in the
design and implementation of the study. There are no
plans to involve patients in dissemination.

Covariables
Following the standard measurement method, all
participants enrolled in this study were examined by a

professional doctor for physical examination, with steps
that included measuring height (m), weight (kg), blood
pressure (mm Hg) and heart rate (subdegree/degree).
It is noteworthy that height and weight were measured
to an accuracy of 0.1. Body mass index (BMI) was calcu-
lated by dividing body weight (kg) by the square of body
height (m®). Following the Chinese Obesity Standard,"
those with BMI <18.5 kg/m2 were considered lean,
18.5-23.9kg/m* or 238.9-27.9kg/m’ were considered
overweight, and individuals with BMI >27.9kg/m?* were
considered obese. The group of participants with obesity
was further divided into three categories: 27.9~31.9kg/
m?®, 31.9~35.9kg/m” and >35.9kg/m”. After a 10-minute
rest in the seat, we used the electronic sphygmomanom-
eter to measure the right upper arm blood pressure twice
in a row. The interval between the two measurements
was lmin to reduce the measurement error. Systolic
blood pressure greater than 140mm Hg, and diastolic
blood pressure greater than 90mm Hg or previously
diagnosed as hypertension were considered higher than
normal. After 8 hours of fasting overnight, venous blood
was extracted for the examination of alanine aminotrans-
ferase (ALT), fasting plasma glucose (FPG), total choles-
terol (TC), triglycerides (TG), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C) and serum uric acid. Blood glucose greater
than 6.1 mmol/L or previously diagnosed as diabetes was
considered higher than normal. MAFLD was diagnosed
according to the imaging evidence of fat accumulation in
the liver, in addition to one of the three following criteria:
the presence of T2DM, overweight/obesity, or evidence
of metabolic dysregulation.*

DATA ANALYSIS

As the continuous variables were normally distributed
by K-S normal test except for TG, the independent
two-sample t-test or the Mann-Whitney U test was used
to compare the continuous variables. The X* test was
performed using the categorical variables. A binary
logistic regression analysis was performed to determine
which factors were strongly related to MAFLD. All statis-
tical analyses were conducted using SPSS V.25.0. The p
value less than 0.05 was considered significantly different.
The p value was double tailed.

RESULTS

A total of 18190 government employees routinely under-
going an annual health examination took partin this study.
Excluding those with incomplete physical examination
data (n=706) and multiple physical examinations within
lyear (n=560), 16924 participants were finally recruited
in the study (online supplemental figure 1). The clin-
ical characteristics stratified by gender and MAFLD are
displayed in table 1. The overall prevalence of MAFLD
was 40.76% (49.42% in men and 27.97% in women), and
six participants were diagnosed with cirrhosis (men, n=5).
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Figure 1 Prevalence of MAFLD in different age groups

stratified by gender. MAFLD, metabolic-associated fatty liver
disease.

The average age of men with MAFLD was 46.49 years old
and the average age of women was 52.46 years old. The
triglyceride-glucose (TyG) index of the MAFLD group was
significantly higher than that of the non-MAFLD group,
regardless of gender. In patients with MAFLD, 55.02% of
men and 36.7% of women had more complicated condi-
tions due to metabolic syndrome. A precise analysis of
the differences between the MAFLD group and the non-
MAFLD group showed that there were significant differ-
ences in all indicators of both genders, except for the
prevalence of coronary heart disease (CHD).

To better understand the influence of different age
groups on the prevalence of MAFLD, we further divided
the participants by age, as shown in figure 1. After strat-
ification by age, the prevalence of MAFLD among men
was significantly higher than that among women before
the age group of 50-59 years (p<0.001). However, there
was no significant difference in the prevalence of MAFLD
in both gender groups aged 60-69 years (p=0.715) and
aged 70 years or older (p=0.072). In the male group, the
highest prevalence rate was found in the group of people
from 40 to 49 years old (54.04%). We have noticed that
this rate gradually decreased with age, especially after
50 years old. The lowest prevalence rate of 35.95% was
found in the group of participants over 70 years old (refer
to figure 1). Interestingly, in the female group, the lowest
prevalence was 7.27% in the group formed by those who
were younger than 29 years old, and the highest rate—
43.44%—was observed in the group aged 60-69 years old,
butitslightly decreased after 70 years old. However, in the
general population, the prevalence gradually increased
with age, more specifically before 50-59 years old. This
group reached a peak of 47%, and then the rates started
to gradually decrease with age.

The overweight and obesity rate of male Tianjin govern-
ment employees was higher than that of female—44.5%
and 30.4%, respectively (figure 2). Additionally, differ-
ences in the prevalence of MAFLD across gender groups
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Fig 2. percentage of different BMI groups in females and males

Figure 2 Percentage of different BMI groups in women and
men/BMI groups, G1: <18.5, G2: 18.5~23.9, G3: 23.9~27.9,
G4: 27.9~31.9, G5: 31.9~35.9, G6: >35.9. BMI, body mass
index.

increased proportionally with BMI (figure 3). Men had a
significantly higher prevalence of MAFLD than women
at any given BMI. So, we have concluded that MAFLD
was positively associated with the levels of BMI in all the
participants, regardless of gender.

The association between BMI, age and MAFLD is exhib-
ited in figure 4. After adjusting for ALT, TC, HDL-C,
LDL-C, uric acid, TyG index and history of diseases, the
risk of MAFLD kept rising as BMI increased. Especially
when BMI 231.9kg/m2, the risk increased significantly
for both men and women. With BMI <31.9 kg/mQ, the risk
of MAFLD in women was slightly higher than thatin men,
butitis worth noting that when BMI >231.9 kg/mQ, the risk
of MAFLD in men (31.9 kg/m2SBMI<35.9 kg/mz, OR
17.47; 95% CI 12.64 to 24.14; p<0.001; BMI >35.9 kg/mQ,
OR 23.4;95% CI 11.85 to 46.21; p<0.001) was significantly
higher than that in women (31.9 kg/m2SBMI<35.9kg/

1004
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—— total
60
-+ female

—— male

401

Prevalence of MAFLD (%)

204

0 1 2 3 4 5 6
BMI group

Figure 3 Prevalence of MAFLD in BMI groups stratified

by gender/BMI groups, G1: <18.5, G2: 18.5~23.9, G3:

23.9~27.9, G4: 27.9~31.9, G5: 31.9~35.9, G6: >35.9. BMI,

body mass index; MAFLD, metabolic-associated fatty liver

disease.
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Figure 4 Forest map for binary logistic regression analysis of women and men. (A) OR for the association between body mass
index (BMI) and MAFLD of women. (B) OR for the association between BMI and MAFLD of men. (C) OR for the association
between age and MAFLD of women. (D) OR for the association between age and MAFLD of men. MAFLD, metabolic-associated

fatty liver disease.

m® OR 14.78; 95%CI 11.0 to 19.85; p<0.001; BMI
>35.9kg/m* OR 10.16; 95% CI 4.01 to 25.76; p<0.001).
The highest risk of MAFLD among women was among
the group of individuals from 50 to 59 years old (OR 3.96;
95% CI 2.69 to 5.85), while the risk among men tends to
be the same in all age groups except for those over 70
years old.

DISCUSSION

In the current study, we found that the prevalence of
MAFLD among government employees who underwent
annual health examination in the Health Management
and Examination Center of Tianjin People’s Hospital
in 2020 was 40.76%. Considering two different gender
groups, we have confirmed that the prevalence for men
was 49.42% and that for women was 27.97%. The differ-
ence is considerable and should make people highly
vigilant about this issue. Furthermore, we analysed its
risk factors and found that BMI >31.9kg/ m? and women
aged between 50 and 59 years old had the highest risk of
developing MAFLD compared with those younger than
29 years old.

This is the first large-scale cross-sectional study that
explores the prevalence of MAFLD and its related risk
factors among government employees in Tianjin. MAFLD
is closely related to metabolic disorders, especially
obesity. More recent evidence highlights that the preva-
lence of abdominal obesity in Tianjin ranks first in China
regardless of gender,® which may partly explain the high
prevalence of MAFLD among government employees
in Tianjin. The typical breakfast option in that region
includes rice crust, bean curd and pancake fruit, all
high-fat options that might lead to obesity. Currently, the
prevalence of MAFLD in China is 29.2% and it keeps rising
at an alarming rate with changes in people’s lifestyles and
the rapid development of the national economy, espe-
cially in economically developed regions.'” A systematic
review by Zhu et al'* on the relationship between China’s
economy and the prevalence of MAFLD found that the
number of MAFLD cases had rapidly increased with
economic development in the past few decades, especially

in coastal areas. Scholars have researched other areas of
the country and found that prevalence of MAFLD among
employees in Taipei, Taiwan is 48.4%,”' that in Shanghai
is 38.17%"* and that in Hong Kong is 42%,? all higher
than that in Chengdu, an inland city, where the preva-
lence rate is only 12.5%.** Tianjin is an independently
administered municipal district and is also a coastal
region with a well-developed economy, which may be one
reason for the high prevalence of MAFLD in that area.
In addition, another reason for this phenomenon may
be that our research subjects are government employees,
who usually have a sedentary lifestyle and lack a healthy
routine of exercises, which are factors associated with
MAFLD. Williams et af”® conducted a prospective study
on the prevalence of MAFLD among 400 middle-aged
people, showing that people who develop this condition
are those who often eat fast food and exercise less. There-
fore, the high prevalence of MAFLD among government
employees in Tianjin is worth paying attention to.

We analysed the distribution of the prevalence of
MAFLD in men and women at different ages. Among
men, the rate reached its peak among those from 40 to
49 years old. Among women, the highest rate was found
in the group of individuals from 60 to 69 years old. The
prevalence of this condition among men was significantly
higher than that among women before the age of 50-59
years. Interestingly, women aged 50-59 years have the
highest risk of MAFLD, while men have no significant
difference in risk among different age groups, except
those aged over 70 years. The outcomes of our research
indicate that young and middle-aged men and postmeno-
pausal women are high-risk groups for MAFLD. Many
studies in China and abroad have previously emphasised
that age is closely related to the occurrence and develop-
ment of MAFLD.??" A study conducted in China Health
Big Data (China Biobank) Project has shown that waist
circumference and visceral fat area increase with age28 so,
from a long-term perspective, it is necessary to pay atten-
tion to young and middle-aged men to prevent or reverse
the progress of MAFLD. Similar to part of our research
results, a study conducted by Fung et a”® pointed out that
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5

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibollqig sousby 1e 5zoz ‘¥T aunr uo /wod fwg uadofwa//:dny wouy pspeojumoq "TZ0Z J8qwiadad ST U0 09Z950-T202-uadolwa/oeTT 0T Se paysiignd isiiy :usdo (NG


http://bmjopen.bmj.com/

significant gender differences affected the MAFLD rates
among the young and middle-aged population. However,
the study did not analyse whether gender also impacts
the rates among the elderly population (over 70 years
old), which is essential for women of this age group to
attach importance to the prevention of MAFLD. Previous
studies have shown that oestrogen is a protective factor
for MAFLD in premenopausal women,” * which explains
our results. We have found that the prevalence of MAFLD
in postmenopausal women has soared, since the level of
oestrogen decreases at this stage. Women from 50 to 59
years old are part of the risk group and the highest occur-
rence rate was found among them. In this case, changing
the lifestyle—which may include moderate physical
activity and a balanced diet—is important for young and
middle-aged men and postmenopausal women and can
help to reduce the high prevalence of MAFLD, prevent
and eventually reverse the progress of the disease.

In our study, we found that the prevalence of MAFLD
was positively associated with BMI, and the prevalence
in men was higher than in women. The overweight rate
and obesity rate of men were 44.5% and 30.4%, respec-
tively, and were higher than that of women. Through
binary logistic regression analysis, we have concluded that
overweight and obesity were the primary risk factors for
MAFLD in both genders. When BMI >31.9kg/m?, the risk
of male MAFLD was significantly higher than in women,
indicating that obese men should pay more attention to
weight management and prevention of MAFLD. Similar
to our findings, a study from Pan et af’ showed that the
obesity rate of men was positively correlated with educa-
tion level, while the obesity rate of women showed an
opposite trend. A recent study conducted by Sarkar et af”’
showed that reduced testosterone levels in obese men
independently associated with fatty liver may partially
explain this phenomenon, but further analysis is necessary
to accurately understand these mechanisms. Although our
recent review of the literature on this topic suggests that
the obesity index is not at all associated with the prevalence
rate of MAFLD, some preliminary studies consistent with
our research results have pointed out that overweight and
obesity are independent risk factors for MAFLD.” ** Other
scholars have also associated the rising obesity rate with
the simultaneous rise in the prevalence of MAFLD.'® * **
However, a growing body of literature has pointed out
that weight loss can prevent MAFLD from progressing
to more serious fatty hepatitis and liver cirrhosis, or even
completely reverse the condition,” " which has attracted
our attention. Combining our outcomes with the results
of the aforementioned studies, we have concluded that
new strategies are necessary to effectively curb the further
spread of MAFLD. A healthy routine of exercises and a
balanced diet are methods that can help to control the
increasing incidence rate of this condition and may help
reduce the existing prevalence rate, especially in Tianjin,
where a significant part of the population is obese.

This is the first large-scale study on the prevalence of
MAFLD and its risk factors among Tianjin government

employees. All measurements and statistical analyses were
performed in strict accordance with the standard proce-
dures to ensure data accuracy. However, the limitations
of our study should also be addressed. First, we did not
use the homeostatic model assessment of insulin resis-
tance (HOMA-IR), surrogated with the TyG index easily
applicated in routine physical check-up. Recent studies
have shown that TyG index can replace HOMA-IR to eval-
uate insulin resistance,38 and its evaluation effect is even
stronger than HOMA-IR.*”’ Second, we did not include all
the risk factors, such as waist circumference, haemoglobin
Alc and y-glutamyl peptidase which were not measured
during the routine physical check-up, but we measured
BMI, FPG and ALT. Finally, we did not collect the partic-
ipants’ medication information and the severity classifi-
cation of CHD, which may cause slight bias to the basic
understanding of the conditions of patients with MAFLD.

CONCLUSIONS

MAFLD is a very common condition among the group of
Tianjin government employees, especially in postmeno-
pausal women and obese men and men aged 40-49 years.
Overweight or postmenopausal women and obese men
or men aged 40-49 years should consider changing their
lifestyles which include moderate physical activities and a
balanced diet to their daily routine in order to improve
their conditions. These changes may help to formulate
personalised prevention and treatment strategies for the
occurrence and progress of MAFLD in high-risk groups.
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