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Abstract

Background The aggregation of lifestyle behaviours and their association with metabolic-associated fatty liver dis-
ease (MAFLD) remain unclear. We identified lifestyle patterns and investigated their association with the risk of devel-
oping MAFLD in a sample of Chinese adults who underwent annual physical examinations.

Methods Annual physical examination data of Chinese adults from January 2016 to December 2020 were used

in this study. We created a scoring system for lifestyle items combining a statistical method (multivariate analysis

of variance) and clinical expertise (Delphi method). Subsequently, principal component analysis and two-step cluster
analysis were implemented to derive the lifestyle patterns of men and women. Binary logistic regression analysis
was used to explore the prevalence risk of MAFLD among lifestyle patterns stratified by sex.

Results A total of 196,515 subjects were included in the analysis. Based on the defined lifestyle scoring system, nine
and four lifestyle patterns were identified for men and women, respectively, which included “healthy or unhealthy”
patterns and mixed patterns containing a combination of healthy and risky lifestyle behaviours. This study showed
that subjects with an unhealthy or mixed pattern had a significantly higher risk of developing MAFLD than subjects
with a relatively healthy pattern, especially among men.

Conclusions Clusters of unfavourable behaviours are more prominent in men than in women. Lifestyle patterns,
as important factors influencing the development of MAFLD, show significant sex differences in the risk of MAFLD.
There is a strong need for future research to develop targeted MAFLD interventions based on the identified behav-
ioural clusters by sex stratification.
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Introduction

Metabolic-associated fatty liver disease (MAFLD), for-
merly named nonalcoholic fatty liver disease (NAFLD),
is a multisystemic metabolic disorder involving the
liver [1]. MAFLD affects more than 25% of the world’s
adult population and 29%—-46% of the Chinese popula-
tion, and the prevalence is increasing dramatically every
year, with a significant impact on health and economic
burden for all of society [1-3]. Tremendous plastic-
ity is observed in MAFLD progression over the lifes-
pan. While nonmodifiable mechanisms (i.e., genetic
predisposition) are partly to blame, it is plausible that
modifiable lifestyles have a substantial impact on the
development of MAFLD [4].

The rapid rise in sedentary behaviour, physical inac-
tivity, and excess energy intake relative to expenditure
due to nutritional imbalance and unhealthy dietary
behaviours have individually been associated with
MAFLD [5, 6]. However, their effects on individuals’
health and disease were multifactorial and interre-
lated in synergistic or even cumulative manners. Inves-
tigating the comprehensive impact of these lifestyle
behaviours as a whole, rather than focusing on a single
behaviour or dimension, is necessary [7]. The “lifestyle
pattern,” as an alternative approach to only focusing on
the health effects of certain behaviours or lifestyles in
nutritional epidemiology research, has been adopted
as an influential factor in previous studies on adipos-
ity [8], metabolic syndrome [9], and hypertension [10].
However, the lifestyle variables in these studies focused
on certain lifestyle behaviours (e.g., diet, physical activ-
ity, and sedentary behaviours) and less on sleep or
mental health dimensions, which were shown to be
independently related to MAFLD [11, 12]. Few stud-
ies have reported the association between lifestyle pat-
terns and MAFLD. Investigating the holistic “lifestyle
patterns” that encompass a broad spectrum of lifestyle
behaviours and analysing their contribution to MAFLD
is necessary to capture “real-life” associations and
implications.

The Health Checkup Self-Assessment Questionnaire
(HCSAQ), a widely used tool for physical examination
data collection in the field of health management in
China, incorporates a more comprehensive list of life-
style behaviours than most existing lifestyle evaluation
instruments [13]. Although five subscale scores of this
questionnaire were developed and validated [14], no
standardized lifestyle scoring rules for overall lifestyle
items are available, limiting the questionnaire’s applica-
tion in identifying the populations at risk for behaviour-
related diseases.

Therefore, we analysed the HCSAQ data from a large
cohort of physical examinations to 1) generate a lifestyle
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scoring system to identify and characterize lifestyle pat-
terns of men and women separately in a sample of the
Chinese adult physical examination population (inspired
by sex-specific differences in lifestyle behaviours and
MAFLD prevalence) and 2) examine the association
between these sex-stratified lifestyle patterns and the risk
of developing MAFLD.

Methods

Study design and participants

A cross-sectional analysis was performed on data
obtained from the Health Management Center of
a large general hospital between January 2016 and
December 2020 in Hunan, China. Physical exami-
nation data were collected from participants who
underwent annual physical examinations, including
sociodemographics, self-reported lifestyle behaviours,
and clinical and laboratory data. Potential bias was
controlled by including all physical examination data
recorded for that period rather than conducting ran-
dom sampling, except for the following situations: i)
participants lacking self-reported lifestyle behaviours
and unique identifiers, ii) participants younger than
18 years or older than 79 years (first, the HCSAQ is for
adults 18 years of age or older; second, the sample of
older individuals has poor or no self-care ability, and
their lifestyle information is incomplete or inaccurate
between the ages of 80 and 99 years), and iii) partici-
pants without reliable MAFLD diagnostic results. For
participants undergoing more than one examination
during the study period, only the latest examination
was included. The selection procedure for the study
subjects is shown in Fig. 1. Our final study population
consisted of 196,515 individuals aged 18 to 79 years
living in China.

Sociodemographic assessment, clinical and laboratory
data measurement

Sociodemographic information of the study population
included age, sex, educational level, marital status, occu-
pation category, and type of medical insurance.

Clinical and laboratory data were collected by expe-
rienced clinicians and trained ultrasonographers using
standard techniques, including the following: (i) anthro-
pometric measurements (including blood pressure,
weight, height, and waist circumference [WC]) and body
mass index (BMI), calculated as weight (kg) divided by
the square of height (m) (kg/m?); (ii) laboratory tests
(including fasting blood glucose, fasting insulin, HbAlc,
2-h postload glucose, plasma triglycerides (TG), plasma
HDL-cholesterol (HDL-C), and plasma high-sensitivity
C-reactive protein (hs-CRP)); and (iii) liver and abdominal
ultrasound.
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Participants who underwent at least one
physical examination between 2016 and
2020 were included (n=363.809)
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Fig. 1 The flow chart of the participant selection procedure

Self-reported lifestyle behaviours

The relevant lifestyle behaviour items were derived from
the HCSAQ, which was published in Expert Consensus
on Basic Items of Health Checkup in 2014 [13]. The ques-
tionnaire contains six dimensions: health history, somatic
symptoms, lifestyle habits, mental stress, sleep quality, and
health literacy, with 87 specific items to collect the com-
prehensive personal health and disease information of
the examinee. The questionnaire has been promoted and
applied in multiple authoritative physical examination cen-
tres in China. The present study defined a healthy lifestyle
as the organic unity of physical and mental behaviours [15].
Therefore, we focus on lifestyle habits (including nutrition,
physical exercise, smoking, and drinking), mental stress,
and the sleep quality of the HCSAQ. Detailed information
regarding lifestyle behaviours is presented in Appendix
Table S1 in the Supplementary Materials.

Y

metabolic abnormalities and were umsure
if they had MAFLD (n=11.148)

Assessment of MAFLD

According to the latest criteria [16], the diagnosis of
MAFLD in this study is based on ultrasonically con-
firmed hepatic steatosis and one of the following three
criteria: overweight or obesity (defined as BMI>23 kg/m?
in Asians), presence of type 2 diabetes mellitus (T2DM),
or evidence of metabolic dysregulation. Metabolic dys-
regulation was defined as the presence of>2 of the fol-
lowing criteria [1]: (i) WC>90/80 cm (Asian cut-off)
in men/women; (ii) blood pressure>130/85 mmHg or
specific drug treatment; (iii) TG>1.7 mmol/L or spe-
cific drug treatment; (iv) HDL-C<1.0 mmol/L in men
and < 1.3 mmol/L in women; (v) prediabetes (i.e., FPG of
5.6 to 6.9 mmol/L or HbAlc of 5.7% to 6.4% or 2-h post-
load glucose level of 7.8 to 11.0 mmol); (vi) HOMA-IR
score>2.5; and (vii) Hs-CRP level >2 mg/L. The diagno-
sis of hepatic steatosis on ultrasound was based on the
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presence of hepatorenal echo contrast, liver parenchymal
brightness, deep attenuation, and vascular blurring [17].

Statistical analysis

The flow chart of the statistical analysis is shown in Fig. 2.
The sociodemographics of the sample are described as
frequencies (percentages).

Empirical derivation of lifestyle patterns

Establishing a lifestyle scoring system

Given the lack of lifestyle scoring rules in the HCSAQ, a
standardized normative scoring system for lifestyle items
was established using multivariate analysis of variance
(MANOVA) and the Delphi method.

MANOVA was conducted to derive the statistically
optimal cut points for each lifestyle item according to
the cut point analysis method of Wang et al. [18]. A
total of eight interference variables (BMI, systolic blood
pressure, diastolic blood pressure, TG, HDL-C, LDL-
C, total cholesterol, and fasting glucose) were used as
dependent (continuous) variables, and each lifestyle
item was used as an independent (categorical) vari-
able based on different potential cut points. The F ratio
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of MANOVA was used as a function that adequately
reflects the relationship between lifestyle scores and
health status. The optimal cut-off point of each lifestyle
item is based on the largest F ratio by the criteria of
Serlin et al. [19]. Based on the derived cut-off points,
a numeric scale of —3 to 3 for options of each lifestyle
item was defined in conjunction with the healthy life-
style guidelines [15].

Next, two rounds of Delphi expert consultation were
conducted, and experts in epidemiology and health sta-
tistics, health management, nutrition, kinesiology, and
psychology were invited to select optimal boundaries
for categorizing options for each lifestyle item. Ulti-
mately, the cut points of options for lifestyle items that
satisfied the top three F-ratios in MANOVA and the top
three choice times by experts were considered the most
appropriate to constitute the lifestyle scoring system.
The defined scoring system was applied to convert life-
style information into reasonable ordinal variables. The
higher the level of engagement in healthy lifestyle behav-
iours, the higher the score. For unhealthy lifestyles, the
score is the opposite (more points are given for lower
engagement).

Physical intensity at work

Smoking and drinking alcohol

I Developing a lifestyle scoring system |

| Application of the lifestyle scoring system |

Cluster analysis

l

v

| Identifying high-risk lifestyle patterns for MAFLD I

Fig. 2 The flow chart of statistical analysis
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Identifying different lifestyle patterns

Principal component analysis (PCA) was performed to
reduce the dimensionality of diet and mental health. Die-
tary factors and mental models were extracted based on
scree plots and professional interpretability [20]. Subse-
quently, smoking and alcohol consumption status, physi-
cal activity, physical intensity at work, sedentary lifestyle,
sleep, mental models, and dietary factors were included
in the cluster analysis (CA) to identify distinct lifestyle
patterns. Variables were transformed into standardized
scores (Z scores) before data analysis to provide a com-
mon range because of different units and arithmetic
scales [21].

CA is divided into two steps [22]. First, hierarchical
cluster analysis was carried out using Ward’s method
based on squared Euclidean distances [23]. Second,
an iterative on-hierarchical K-means clustering proce-
dure was used to identify groups of subjects with com-
mon lifestyle behaviours. Initial cluster centres based on
Ward’s hierarchical method were used as nonrandom
starting points. The optimal clustering solution fulfils
the intercluster maximum dissimilarity and the inter-
pretability of clusters. Finally, the silhouette coefficient
and elbow method were used to assess the quality of the
clustered solutions. To assess the stability and reliability
of the clustering solutions, an internal random subsample
(50% of the total study sample) of each sex was clustered
by performing the same procedure (Ward and K-means
steps). The Cohen k coefficient was used to assess the
reliability of the cluster solutions (>0.75 indicates good
consistency) [24]. Clusters were computed specifically
for males and females because of sex differences in life-
style behaviours and the risk of MAFLD. The differential
features of each cluster were identified by comparing the
mean Z scores at the centre of the cluster, and Z scores
were positively correlated with the healthiness of lifestyle
behaviours. Statistical differences among the clusters
were analyzed by Chi-square (categorical variables).

The associations between the clusters with distinct
lifestyle patterns (independent variables) and MAFLD
(dependent variables) were investigated in the study
population using binary logistic regression models with
adjustment for relevant covariates, including age, edu-
cation level, marital status, occupational category, and
type of health insurance. Outliers and missing values
were corrected and added by rechecking the original
data in the data management system. The variables with
severe missingness were included as extra categories in
the corresponding covariates by referring to the statisti-
cal analysis method in the study of Jiayao Lei et al. when
they analysed HPV vaccination and the risk of inva-
sive cervical cancer [25]. A P value<0.05 (two-sided)
was considered indicative of statistical significance. All
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analyses were performed using the statistical software
SAS (version 9.4).

Results

The final analysis included 196,515 subjects. The sociode-
mographic and lifestyle characteristics of the male and
female samples are presented separately in Table 1. Males
accounted for 54.92% of the sample, whereas females
comprised 45.08%. The proportion of middle-aged and
elderly people aged>45 years is 45.55%, and the pro-
portion of young people aged <45 years old is 54.45%. A
total of 77,172 cases of MAFLD (39.27%) were identified
between 2016 and 2020, and men had a prevalence of
54.37%, which was higher than that of women (20.88%,
p<0.001).

The defined lifestyle scoring system, including opti-
mal cut points for the options of the lifestyle items, is
presented in Appendix Table S1 in the Supplementary
materials. The factors extracted by the PCA method
corresponded to dietary factors and mental models.
The factor loadings for each dietary factor are shown in
Appendix Table S2 in the Supplementary materials.

Based on the results of the silhouette coefficient and
elbow method, we identified nine clusters for males and
four clusters for females. A relatively high agreement
was found between the cluster solution derived from the
full sample and the random subsample (males: Cohen’s
kappa=0.55, p<0.01; females: Cohen’s kappa=0.89,
p<0.01). The specific characteristics of each cluster are
presented in Fig. 3 and Table 2.

For males, the largest cluster (C1, #=21,494, 19.91%)
was referred to as a “healthy” lifestyle pattern. It excluded
all risky health behaviours and was characterized by being
physically active, not smoking, not drinking, having low
levels of sedentariness, having moderate physical activ-
ity at work, sleeping well, and having a healthy mind and
diet. Cluster 2 (C2, n=10,790, 10.00%) was characterized
by physical inactivity, an unhealthy diet, not smoking,
not drinking, being sedentary, and having poor mental
status. Cluster 3 (C3, n=10,092, 9.35%) was character-
ized by “heavy smoking” but maintaining other healthy
lifestyle behaviours. Cluster 4 (C4, n=16,160, 14.97%)
was significantly characterized by heavily consuming
alcohol, smoking in small quantities, being physically
active, and having unhealthy dietary behaviours. Clus-
ter 5 (C5, n=3917, 3.63%) was described as having the
“most physically intense work,” being physically active,
having a healthy mentality, and having a high-fat and
high-cholesterol diet. Cluster 6 (C6, n="7656, 7.09%) was
almost the exact opposite of Cluster 4 and was character-
ized by “heavy smoking,” being physically inactive, having
“poor sleep quality, and having an unhealthy diet but no
alcohol consumption. Cluster 7 (C7, n=17,723,16.42%)
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Table 1 Descriptive statistics on the sociodemographic and lifestyle characteristics of participants separately by sex
Sociodemographic (N, %) Total (N=196,515) MAFLD (N=77,172) Non-MAFLD xz P
(N=119,343)
Age 6369.318 <0.001
<45 107,008(54.45) 33,418(43.30) 73,590(61.66)
>45 89,507(45.55) 43,754(56.70) 45,753(38.34)
Sex <0.001
Male 107,931(54.92) 58,678(76.04) 49,253(41.27) 22,879.215
Female 88,584(45.08) 18,494(23.96) 70,090(58.73)
Education level <0.001
Junior high school and below 20,169(10.26) 8404(10.89) 1,765(9.86)
Senior high school 27,098(13.79) 11,628(15.07) 15 470(1 2.96) 279473
College and above 99,259(50.51) 37,608(48.73) 1,651(51.66)
Missing data 49,989(25.44) 19,532(25.31) 30 457(25 52)
Marital status <0.001
Married 168,076(85.53) 70,400(91.22) 97,676(81.84)
Unmarried 21,668(11.03) 4492(5.82) 17,176(14.39) 3814.046
Divorced/widowed 4740(2.41) 1798(2.33) 2942(2.47)
Missing data 2031(1.03) 482(0.62) 1549(1.30)
Occupation category <0.001
Mental labour 72,295(36.79) 28,510(36.94) 43,785(36.69)
Physical labour 42,946(21.85) 17,034(22.07) 25912(21.71) 41.626
Other 31,597(16.08) 11,902(15.42) 19,695(16.50)
Missing data 49,677(25.28) 19,726(25.56) 29,951(25.10)
Type of medical insurance <0.001
Urban resident medical insurance 13,473(6.86) 5240(6.79) 8233(6.90)
Urban worker medical insurance 105,335(53.60) 42,081(54.53) 63,254(53.00) 156.622
Agricultural cooperative 19,689(10.02) 7552(9.79) 12,137(10.17)
No medical insurance 3167(1.61) 935(1.21) 2232(1.87)
Missing data 54,851(27.91) 21,364(27.68) 33,487(28.06)

was the opposite of Cluster 2 and was characterized by
“heavy smoking” and “heavy drinking” while also being
physically active. Cluster 8 (C8, n=1865,1.73%), similar
to Cluster 5, was characterized by performing the “most
physically intense work,” “heavy drinking,” “heavy smok-
ing, being physically inactive, being highly sedentary,
and having an “unhealthy mentality and diet” Last, Clus-
ter 9 (C9, n=18,234,16.89%), known as the “unhealthiest”
lifestyle pattern, was characterized by heavy drinking and
smoking, being physically inactive, being sedentary, hav-
ing poor sleep quality, and having an unhealthy mental
status and diet.

The largest cluster of females (Cp1, n=80,551, 90.93%),
known as the “relatively healthy” lifestyle pattern, differed
from the largest cluster of males in that they lacked phys-
ical activity. Cluster 2 (Cp2, n=1040, 1.17%) was charac-
terized by heavy smoking, being highly sedentary, having
poor mental status, and having an unhealthy diet. Clus-
ter 3 (Cp3, n=718,0.81%), known as the “least healthy”
lifestyle pattern, had similar characteristics to Cluster

2 except for heavy drinking. Cluster 4 (Cp4, n=6275,
7.08%) was characterized by heavy alcohol consumption
but was the most active in exercise and had relatively
healthy dietary behaviours.

In men, C4, C7, and C9 had the highest prevalence
of MAFLD (58.36%, 58.63%, and 58.06%, respectively),
whereas the lowest prevalence was observed for C1
(48.07%). The prevalence of MAFLD was lower in women
than in men (20.88% vs. 54.37%, p<0.001). In women,
a very similar prevalence of MAFLD was found in C1,
C;3, and Cp4, whereas C;2 had the highest prevalence of
MAFLD (26.92%).

The results of the binary logistic regression models are
presented in Table 3, stratified by sex. C1 and C;1 were
chosen as the reference clusters for males and females
because they had the largest populations and showed a
lower prevalence of MAFLD compared with the other
clusters. After adjusting for confounding variables, C2, C6,
C8, and C9 among males were significantly associated with
a higher risk of MAFLD. C3, C4, and C7 had significantly
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Fig. 3 Lifestyle clusters of males and females (Z scores). Note: YPA: Years of consistent exercise, SS: Smoking status, WPI: Physical intensity at work,
NCS: Number of cigarettes smoked per day, NWD: Number of working days per week, YCS: Number of years of continuous smoking, DWH: Daily
working hours, YQS: Number of years to quit smoking, SD: Sedentary duration, DAS: Drinking alcohol status, SQ: Sleep quality, FAC: Frequency

of alcohol consumption per week, ST: Sleep time, AAC: Amount of alcohol consumption per drink, MM: Mental model, YCD: Number of years

of continuous drinking, DF1: Dietary Factor 1, YAA: Number of years of alcohol abstinence, DF2: Dietary Factor 2, PAS: Physical activity status, DF3:
Dietary Factor 3, FPA: Frequency of exercise per week, DF4: Dietary Factor 4, DPA: Duration of each exercise, DF5: Dietary Factor 5

lower odds of belonging to the MAFLD group. In the
female clusters, the odds of Cp2 belonging to MAFLD
were higher (AOR=1.370, 95% CI=1.168—1.607).

Discussion

Using the analysis of the largest datasets of Chinese
adults aged 18-79 years with physical examinations
to date, we established 13 distinct lifestyle patterns
and linked the patterns with MAFLD. Our results sug-
gested that the lifestyle patterns from real-world data
could be new indices to understand and track the
cumulative effect of healthy and unhealthy lifestyle
behaviours on overall health risk in MAFLD popula-
tions, although the HCSAQ item-based lifestyle scor-
ing system in this study has some limitations compared
with existing well-established health-promoting life-
style profiles [26, 27].

To our knowledge, the current study is the first to
propose lifestyle patterns that include mental health
behaviours and a broad range of lifestyle variables.
While the clustering of smoking, excessive alcohol con-
sumption, diet, physical activity, sedentary lifestyle, and
sleep behaviours has been common in previous studies
of lifestyle patterns [28-30], few studies have included
mental health or all lifestyle behaviours. Given that
mental health is also an important component of life-
style [15], we integrated mental health behaviours into
our analysis and derived lifestyle patterns together with
other lifestyle behaviours, which is important to estab-
lish a clear picture of their interplay and associations
with MAFLD. Furthermore, we conducted a sex-strat-
ified analysis of lifestyle patterns, which could help to
develop targeted interventions for different groups of
behavioural clusters.
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Table 3 Associations between MAFLD and lifestyle clusters

Male-Clusters Unadjusted Model P Adjusted Model P

OR (95% CI) AOR (95% Cl)
Cluster 1 Ref Ref
Cluster 2 1.076(1.028-1.127)  0.002 1.191(1.136-1.248)  <0.001
Cluster 3 1 260(1 201-1.321) <0001 1 243( 184-1.304) <0.001
Cluster 4 514(1.453-1.578)  <0.001 455(1.395-1.516)  <0.001
Cluster 5 1.125(1.051-1.204)  <0.001  0.987(0.919-1.059)  0.710
Cluster 6 1277(1.212-1.345)  <0.001 375(1.304-1.450) <0.001
Cluster 7 1.531(1471-1.594)  <0.001 508(1.448-1.571)  <0.001
Cluster 8 1.184(1.077-1.301) <0001  1.209(1.097-1333)  <0.001
Cluster9 1495(1.437-1.556)  <0.001 1.611(1.547-1.678)  <0.001
Female-Clusters Unadjusted Model P Adjusted Model P

OR (95% Cl) AOR (95% Cl)
Cluster1 Ref Ref
Cluster 2 1403(1.222-1610)  <0.001  1.452(1.252-1.683)  <0.001
Cluster 3 1.014(0.846-1.214)  0.883 1.296(1.070-1.570)  0.008
Cluster 4 0.997(0.936-1.063)  0.937 1.060(0.991-1.133)  0.091

Adjusted Model, adjusted for age, education level, marital status, occupational
category, and type of medical insurance

Almost half of the individuals in the present study
had lifestyle patterns with varying degrees of coexisting
healthy and unhealthy behaviours, such as no smoking or
drinking, physical inactivity, a highly sedentary lifestyle, a
poor mentality, and an unhealthy diet in C2 (men). This
finding is consistent with previous studies and suggests
that these individuals are potential targets for future
health education and behavioural interventions [8].
Among previously published studies, lifestyle interven-
tions for MAFLD patients have been focused on diet and/
or exercise [31, 32], but the combined effect of all lifestyle
behavioural interventions in MAFLD remains unclear.
Considering these results, we recommend focusing on
as many lifestyle behaviours as possible in combination,
rather than just one or a few common health-related
behaviours, to improve public health to a greater extent.

Compared with C1, the prevalence of MAFLD was
higher in the remaining eight lifestyle patterns of men,
and C;2 was more prevalently associated with MAFLD
than C;1 in the female groups. This finding may sug-
gest that the synergistic effect of having high levels of
physical activity and high-quality sleep, combined with a
healthy mentality and diet and in the absence of smok-
ing and alcohol consumption, is associated with a lower
risk of MAFLD. The potential cumulative effects of these
behaviours on adults can be explained. Although exercise
and diet are important public health priorities, sleep and
mental health are often overlooked. Growing evidence
shows that poor sleep and mental health are associated
with MAFLD [33, 34], which this study seems to confirm.
Given their potential impact on MAFLD, future studies
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should comprehensively assess sleep and mental features
to explore their relationship with MAFLD, and greater
efforts should be made to raise awareness of strategies
to improve sleep quality and mental health. Our findings
also showed that most lifestyle patterns associated with
an increased risk of MAFLD in men were characterized
by smoking and/or alcohol consumption, whether com-
bined with other healthy/unhealthy behaviours. There-
fore, heavy smoking and/or heavy alcohol consumption
may obscure the potential positive effects of a healthy
lifestyle on reducing MAFLD risk [16]. This “offsetting”
effect of one specific behaviour on another has been pre-
viously reported in studies [35]. Our results suggest that
maintaining good lifestyle habits does not alleviate the
effect of smoking and excessive alcohol consumption on
MAFLD.

The sex differences in lifestyle patterns are reflected
in two aspects. On the one hand, the number of
derived clusters is unequal, suggesting that women’s
lifestyles are more homogeneous than men who have
multiple combinations of lifestyle behaviours to vary-
ing degrees. On the other hand, the percentage of
people with healthy lifestyle patterns is different; less
than one in five men (19.91%) have a healthy lifestyle
pattern, whereas most women (90.93%) have a healthy
lifestyle pattern, which indicates that unfavourable
clusters of lifestyle behaviours are more prominent in
men. Therefore, future lifestyle interventions would
need to focus more on men. Furthermore, certain
behaviours in lifestyle patterns also have significant sex
differences. For example, clusters containing alcohol
and tobacco consumption are more prevalent in men
than in women, which may be related to the fact that,
in China, men are often under high stress and prone
to adopt unhealthy lifestyles, such as irregular work,
social drinking, and smoking [36]. However, men are
more motivated to stay physically active than women,
which is consistent with global trends [37]. Other
aggregated behaviours, including various dietary
behaviours, were similar between men and women,
but adherence to healthy dietary behaviours was gen-
erally higher among women than men, which is con-
sistent with previous research [38]. Some suggestions
about public health should be submitted to the govern-
ment so that policies and behaviour change strategies
will encourage women to be more physically active and
help men spend more time on dietary improvements
and stress relief.

Our results showed that the prevalence of MAFLD var-
ies widely between males and females. The prevalence
of MAFLD in males was 54.37%, which was significantly
higher than that in females (20.88%), which was similar in
other regions of China [3, 39]. Most importantly, the risk of
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MAFLD between lifestyle patterns was significantly differ-
ent in men and women. Among men, all lifestyle patterns
were associated with a higher risk of MAFLD, whereas
the risk of MAFLD observed in the female lifestyle pat-
terns was much lower than the overall risk. These accu-
rate MAFLD risk assessment results were not found in
previous studies, which we speculate to be related to life-
style choices influenced by social, cultural, and economic
contexts and to metabolic disorders related to genetic
and hormonal regulation. As Karthickeyan Krishnan said,
inequalities in health between men and women can be
explained by sex-related biological differences, genetic
predispositions, and lifestyle factors [40]. Further studies
are needed to elucidate the mechanisms of these sex differ-
ences. In addition, future research should attempt to focus
on population information from various perspectives, such
as liver disease-related outcomes, age and menopausal sta-
tus, to assess the degree of MAFLD risk as accurately as
possible [41] and identify different intervention methods
for differentiated clusters accordingly.

Limitations

Our study has several limitations. First, lifestyle informa-
tion was self-reported data that may lead to recall bias.
However, lifestyle items were derived from the HCSAQ,
which is widely used in Chinese health examination
facilities because of its validity and reliability. Moreover,
the cross-sectional design used in this study hinders the
inference of causal relationships between lifestyle pat-
terns and MAFLD, and further prospective studies should
be conducted. But the applied design was effective in the
identification of lifestyle patterns. Secondly, MAFLD was
diagnosed using ultrasound methods rather than histo-
logical assessments. Nevertheless, ultrasound methods
are widely used for population-based studies. Thirdly,
we lacked more detailed indices for assessing liver func-
tion or liver fibrosis index since this study was based on
retrospective health physical examination data, which
resulted in the possibility of MAFLD not being accurately
assessed. Finally, we were unable to exactly assess the
independent effects of alcohol consumption on MAFLD,
and we explored interactions between dietary and men-
tal health variables through principal component analy-
sis, but did not have detailed information regarding the
analysis of interactions between other lifestyle variables,
which we will focus on in our next study.

Conclusions

In conclusion, the lifestyle patterns derived from
our study identify differences in lifestyle behaviours
between Chinese men and women and contribute

Page 11 of 12

to a broader understanding of the interrelationships
between lifestyle patterns and MAFLD. Men are less
likely to adhere to healthy lifestyles, and their life-
style patterns place them at higher risk of developing
MAFLD than women, highlighting the need for per-
son-centred public health policies to address health
inequities. Furthermore, developing evidence-based
lifestyle intervention strategies based on culture,
norms, and values for specific population subgroups
and facilitating their implementation in the health care
system are needed to prevent the increased prevalence
of MAFLD.
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