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Abstract: Metabolic dysfunction-associated fatty liver disease (MAFLD) is the crucial pathogenesis
for intra-hepatic and extra-hepatic diseases, especially in elderly adults. Lifestyle management may
be a modifiable cost-effective measure for MAFLD prevention, but the evidence is limited. A total
of 23,408 middle-aged and elderly individuals were included in a longitudinal study from 2008 to
2018. Combined lifestyle scores (range 0–6) were evaluated by BMI, smoking, drinking, diet, physical
activity, and sleep. Logistic regression models were used to calculate ORs for the risks of MAFLD
and specific subtypes. The mean age of participants was 61.7 years, and 44.5% were men. Compared
with poor lifestyle (scores 0–2), ORs (95% CIs) of the ideal lifestyle (scores 5–6) were 0.62 (0.57–0.68)
for MAFLD, 0.31 (0.28–0.34) for MAFLD with excess weight and obesity, 0.97 (0.75–1.26) for MAFLD
with diabetes, and 0.56 (0.51–0.62) for MAFLD with metabolic dysregulation. Additionally, lifestyle
improvement was associated with lower risks of MAFLD (OR, 0.76; 95% CI, 0.68–0.86), MAFLD with
excess weight and obesity (OR, 0.72; 95% CI, 0.63–0.81), MAFLD with diabetes (OR, 0.74; 95% CI,
0.54–1.02) and MAFLD with metabolic dysregulation (OR, 0.49; 95% CI, 0.43–0.55), respectively. Our
findings suggest that adherence to a combined healthy lifestyle was associated with lower risks of
MAFLD, particularly in excess weight/obese individuals or those with metabolic dysregulation.

Keywords: MAFLD; combined lifestyle; BMI; lifestyle improvement

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) has increased in prevalence, such that
nearly 1 billion people globally are affected, which substantially impacts health issues
and places a heavy economic burden on individuals, families, and healthcare systems [1].
In 2020, an international panel of 30 experts from 22 countries proposed a new term
for NAFLD, metabolic dysfunction-related fatty liver disease (MAFLD), with broader
diagnostic criteria [2]. The new criteria focus on the role of metabolic abnormalities in the
presence of fatty liver in an inclusive way, so excessive drinking and other related fatty
liver are no longer emphasized [3].

MAFLD led to a hot debate when it was proposed. In a nationwide cohort study,
9,584,399 participants aged 40–46 years were included between 2009 and 2010 in Korea,
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and it showed that the prevalence of MAFLD was up to 37.3%, much higher than that of
NAFLD (28.0%) [4]. Additionally, Wong and colleagues reported that the overall prevalence
of MAFLD was 34.8% in America, and the prevalence was highest among individuals aged
>60 years, rising from 23.2% among individuals aged 18–39 years to 43.8% [5], suggesting
more efforts should be made for MAFLD in elderly adults. Intriguingly, a study from Japan
suggested that the newly proposed definition of MAFLD better identifies individuals with
fatty liver and significant fibrosis than does the term NAFLD, and this definition also better
identifies people at high risk of CVD and other adverse cardiometabolic outcomes [4,6,7].

Thus, given the key role of MAFLD in intra-hepatic and extra-hepatic chronic diseases,
more attention should be devoted to identifying cost-effective measures for MAFLD pre-
vention in elderly adults. Lifestyle management has been recommended as a fundamental
strategy for MAFLD treatment [8,9]. It was reported that routine late-night meals and
higher daily alcohol intake were identified as independent lifestyle predictors of MAFLD
development [10]. Taheri and colleagues found that an anti-inflammatory diet was in-
versely associated with MAFLD [11]. Obesity was assumed to be a strong predictor for
MAFLD, and weight loss decreased insulin resistance and subsequently increased insulin-
like growth factor 1 and improved MAFLD in Caucasian children [12]. Several studies
have noted the importance of single lifestyle factors like aerobic exercise, sleep factors, and
air pollution in the risk of MAFLD [9,13]; however, evidence about the effects of combined
lifestyle factors on MAFLD and specific subtype prevention among elderly individuals is
still limited. Owing to the different genetic susceptibilities and lifestyles among diverse
ethnic populations, whether such associations persist or are modified by combined lifestyle
factors in elderly Asian populations remains unknown.

Therefore, this study aimed to investigate the associations of combined lifestyle factors
with MAFLD and specific subtypes among elderly individuals in a large prospective Asian
population cohort.

2. Materials and Methods
2.1. Study Population

The Dongfeng-Tongji (DFTJ) cohort study is an ongoing prospective cohort, and
detailed information has been described elsewhere [14]. DFTJ was launched in 2008, and
27,009 retired employees from Dongfeng Motor Corporation were recruited and completed
baseline questionnaires and medical examinations between September 2008 and June
2010. Among the participants, 25,978 individuals (96.2%) completed the follow-up in
2013. During the first follow-up in 2013, 14,120 retired workers were newly recruited,
consequently, there was a total number of 41,129 participants with baseline information. We
completed the second follow-up survey in 2018, and the detailed information is presented
in the additional file: Supplementary Figure S1.

In this study, all research was conducted following both the Declarations of Helsinki
and Istanbul; all research was approved by the appropriate ethics and institutional review
committees; all participants provided written informed consent, and our study was ap-
proved by the Ethics and Human Subject Committee of Tongji Medical College, Huazhong
University of Science and Technology.

2.2. Definition of Lifestyle Factors and Scores

The definition and scoring of healthy and unhealthy lifestyle factors are summarized
in the additional file: Supplementary Table S1. Briefly, smoking status was defined as
noncurrent smokers (never smoking), former smokers, and current smokers, and the low-
risk group was defined as noncurrent smokers. We defined participants who reported never
drinking alcohol as being at low risk for alcohol consumption status in our present study.

Total duration per week was calculated as duration (hours per time) × frequency
(times per week). A median of 150 min per week was set as the cutoff [15]. Participants
who engaged in a higher physical activity level were defined as being in the low-risk
group. As a previous study reported, the dietary factor was emphasized in three food items,
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including vegetables, fruits, and meat, which were addressed in the 2019 American College
of Cardiology/American Heart Association guideline on lifestyle management to reduce
cardiovascular risk [15,16]. Given that cardiovascular disease and MAFLD share some
common risk factors, accordingly, we defined those participants who ate vegetables and
fresh fruits every day but meat less than daily as the low-risk group. Generally, adiposity
was measured by BMI, and we defined the BMI of 18.5 to 23.9 kg/m2 as the low-risk
group, which was based on the standard classification specific to Asians [17]. Considering
the J-shaped association between sleep duration and the risk of MAFLD, nighttime sleep
duration was grouped into optimal (7–9 h/day) and not optimal (<7 or >9 h/day).

A favorable lifestyle was assessed based on the above six lifestyle factors, coded 1
point to participants for the low-risk factors. Overall, lifestyle was subsequently categorized
into poor (lifestyle score ≤ 2), intermediate (lifestyle score is 3 or 4), and ideal (lifestyle
score ≥ 5) groups.

2.3. Ascertainment of Baseline and Incident MAFLD

According to the latest consensus proposed by a panel of international experts from
22 countries and the diagnostic criteria recommended by the Asian Pacific Association
for the Study of the Liver [2,18], MAFLD was defined as the presence of hepatic steatosis
(diagnosed based on B ultrasound) with one or more of the following: (1) BMI ≥ 23 kg/m2

in Asians; (2) T2DM; or (3) at least two MD described in the additional file: Supplementary
Table S2. In this study, specific MAFLD subtypes were defined as MAFLD with excess
weight or obesity (BMI ≥ 24 kg/m2), diabetes, or ≥2 MD.

2.4. Statistical Analysis

We used frequencies (percentages) to describe categorical variables and means ± stan-
dard deviations (SD) to describe continuous variables. Continuous variables used the two-
sample independent t-test, and categorical variables used the Chi-squared test to compare the
differences between groups.

The univariate and multivariable-adjusted odds ratios (ORs) with a 95% confidence in-
terval (CI) of lifestyle for MAFLD and its subtypes were examined using logistic regression
analysis. As long as the 95% CIs for the OR do not contain 1, the p value is less than 0.05,
which means that the relationship between p value and 0.05 can be judged according to
whether the 95% confidence interval contains 1 or not. Therefore, the p value is not given
again in our study. Lifestyle scores were categorized into poor (0–2), intermediate (3–4),
and ideal (5–6) groups; the reference group was the poor lifestyle category. We used three
models to assess the associations of lifestyle scores with MAFLD and the specific subtypes.
In model 1a, we adjusted for age (continuous), sex (male or female), and educational at-
tainment (less than high school, high school or equivalent, or college or above). In model
2b, we further adjusted for hypertension status (yes or no), hyperlipidemia (yes or no),
CVD (yes or no), and diabetes (yes or no). In model 3c, we additionally adjusted for LDL-C
(continuous) and TC (continuous).

Furthermore, to assess the associations of lifestyle changes with the risks of MAFLD
and its subtypes, we analyzed 10,960 participants who completed baseline and subsequent
follow-up surveys in 2013. Lifestyle changes were defined as the changes from the baseline
to the first follow-up, due to samples being divided into nine groups (poor to the poor
group, intermediate to the poor group, ideal to the poor group, poor to intermediate
group, intermediate to intermediate group, ideal to intermediate group, poor to the ideal
group, intermediate to the ideal group, ideal to ideal group, respectively) which were very
uneven, we combined the poor group and intermediate group as the low-scoring group
for subsequent analyses, which categorized participants into four groups: consistently low,
high to low, low to high, consistently high, and set the consistently low as the reference.

Moreover, several secondary and sensitivity analyses were conducted; detailed in-
formation is presented in the Supplementary Materials. A restricted cubic spline model
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with 3 knots (10th, 50th, 90th) was utilized to test the dose–response association between
lifestyle score and incident MAFLD or specific subtypes among the elderly participants.

The important covariates were the stratified factors. Potential interactions between
lifestyle and stratification factors were evaluated by introducing a multiplicative term
between lifestyle and stratification variables as continuous variables into the multivariate
models, and testing whether the coefficient of the interaction term was equal to zero. Taking
increased false positives in multiple hypothesis testing into account, we adjusted the p value
with the Bonferroni correction. We also calculated the false discovery rate (FDR) to identify
as many significant interactions as possible while controlling for a relatively low proportion
of false positives; FDR < 0.05 was considered significant. Moreover, several secondary
analyses were conducted. Firstly, evaluating multiple lifestyle factors with equal weight
might limit us to concluding individual risk factors, and lifestyle score calculated according
to the actual weight of each lifestyle factor is more appropriate [15]. Therefore, weighted
lifestyle scores based on the β coefficients of each lifestyle factor in the logistic regression
model were conducted to highlight the more important factors in this study, weighted
lifestyle score was included in models as categorical [19]. Secondly, stratified analyses were
conducted by age (<65 or ≥65 years), sex (male or female), hypertension (yes or no), and
hyperlipidemia (yes or no). Thirdly, we further assessed the association of five different
lifestyle factors with outcomes by removing one lifestyle factor each time. Fourthly, we
assessed the association of different components of lifestyle factors by including one lifestyle
factor each time, based on three lifestyle factors (BMI, smoking, alcohol consumption).

Furthermore, we performed several sensitivity analyses. First of all, after the diagnosis
of CVD, participants might change their lifestyle, to reduce possible confounding, we
excluded participants with prevalent CVD. Second, we redefined the healthy level of BMI
with the criterion of the World Health Organization (WHO). Third, given the potential
confounding of psychological factors in association with lifestyle with MAFLD, we further
adjusted the mental stress factors in a subset of this study population. Fourth, to exclude
the effects of incomplete data, participants with complete data were included for analysis.
Finally, we also input missing covariates by multiple imputations to test the association of
lifestyle with MAFLD and the specific subtypes.

All statistical analyses were performed with SPSS 25.0 (SPSS Inc, Chicago, IL, USA)
and R 4.2.2 (R Project for Statistical Computing) statistical software. The p values for all
hypotheses tests were two-sided, and p < 0.05 was considered statistically significant.

3. Results

The baseline characteristics of 23,408 participants (mean (SD) age, 61.7 (7.9) years; 10,408
(44.5%) men) according to lifestyle categories are shown in Table 1. Overall, 4035 (17.2%)
participants had a poor lifestyle, 13,236 (56.5%) participants had an intermediate lifestyle,
and 6137 (26.2%) participants had an ideal lifestyle. Compared with participants with a
poor lifestyle, individuals who adhered to an ideal lifestyle were more likely to be female,
younger, leaner, and less likely to develop hypertension, hyperlipidemia, diabetes, and
CVD. The characteristics of the participants included and excluded are displayed in the
additional file: Supplementary Table S3. The participants’ lab test results at baseline and
the end of follow-up are presented in the additional file: Supplementary Table S4.

As shown in Table 2, during a median follow-up of 7.9 years, the risks of developing
MAFLD or specific subtypes decreased dramatically with the accumulation of the favorable
lifestyle factors (all p for trend <0.05 except for MAFLD with diabetes). After adjustment
for covariates, compared with individuals with a poor lifestyle, participants with an ideal
lifestyle had the lowest risks of MAFLD (OR, 0.62; 95% CI, 0.57–0.68), MAFLD with excess
weight or obesity (OR, 0.31; 95% CI, 0.28–0.34), MAFLD with diabetes (OR, 0.97; 95% CI,
0.75–1.26), and MAFLD with MD (OR, 0.56; 95% CI, 0.51–0.62). Moreover, when using a
model with the weighted lifestyle score, inverse associations between favorable lifestyle and
risks of MAFLD and specific subtypes were broadly similar (additional file: Supplementary
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Table S5) and the association between the ideal lifestyle and MAFLD with diabetes was
strengthened in the weighted model (OR, 0.75; 95% CI, 0.63–0.88).

Table 1. Baseline characteristics of participants according to lifestyle score (n = 23,408).

Characteristics

Lifestyle Score
p Value

Poor (0–2) Intermediate
(3–4) Ideal (5–6)

No. of cases 4035 13,236 6137
Age, y 62.0 (7.2) 61.8 (7.9) 61.4 (8.3) <0.001
BMI, kg/m2 24.2 (3.0) 23.5 (2.9) 22.4 (2.2) <0.001
Waist circumference, cm 83.5 (8.5) 80.8 (8.4) 77.9 (7.5) <0.001
Male 2748 (68.1) 6005 (45.4) 1655 (27.0) <0.001
Education attainment, n (%) <0.001
Less than high school 2356 (58.9) 7679 (58.4) 3380 (55.5)
High school or equivalent 1110 (27.7) 3890 (29.6) 1948 (32.0)
College or above 537 (13.4) 1586 (12.1) 757 (12.4)
Alcohol consumption, n (%) <0.001
Never 442 (22.0) 7062 (62.4) 9096 (90.4)
Current 1505 (74.9) 3576 (31.6) 463 (4.6)
Former 63 (3.1) 672 (5.9) 500 (5.0)
Smoking status, n (%) <0.001
Never 697 (34.7) 7100 (63.0) 8751 (87.4)
Current 1073 (54.3) 2791 (24.8) 398 (4.0)
Former 241 (12.0) 1377 (12.2) 861 (8.6)
Hypertension, n (%) 1382 (34.4) 4177 (31.8) 1609 (26.4) <0.001
Hyperlipidemia, n (%) 928 (23.2) 2404 (18.3) 920 (15.1) <0.001
Gallstones, n (%) 458 (11.4) 1504 (11.5) 679 (11.2) <0.001
Diabetes, n (%) 323 (8.1) 1198 (9.1) 434 (7.1) <0.001
CVD, n (%) 686 (17.1) 2057 (15.7) 740 (12.2) <0.001
Vegetables and fruits (both more than
daily), n (%) 1248 (30.9) 6254 (47.2) 4689 (76.4) <0.001

Meat (less than daily), n (%) 2320 (57.5) 8593 (64.9) 5112 (83.3) <0.001
Systolic pressure, mm Hg 131.1 (20.0) 129.5 (19.7) 128.1 (19.3) <0.001
Diastolic pressure, mm Hg 79.1 (11.8) 77.7 (11.3) 76.6 (10.7) <0.001
Fasting glucose, mean (SD), mmol/L 5.8 (1.5) 5.8 (1.4) 5.7 (1.3) <0.001
Total cholesterol, mmol/L 4.9 (1.0) 5.0 (1.0) 5.1 (1.0) <0.001
Triglycerides, mmol/L 1.4 (1.0) 1.3 (0.9) 1.3 (0.9) <0.001
HDL-C, mmol/L 1.5 (0.4) 1.5 (0.4) 1.5 (0.4) <0.001
LDL-C, mmol/L 2.8 (0.8) 2.9 (0.8) 2.9 (0.8) <0.001
Alkaline phosphatase, mmol/L 87.4 (26.0) 89.0 (30.0) 90.7 (34.1) <0.001
γ-glutamyl transpeptidase, mmol/L 29.3 (35.2) 24.1 (28.1) 20.9 (19.0) <0.001
AST, mmol/L 24.6 (14.2) 24.5 (14.4) 24.1 (10.7) 0.085
ALT, mmol/L 22.2 (16.6) 21.9 (19.8) 21.1 (14.3) 0.005
Physical activity (h/wk) 7.0 (6.4) 8.7 (7.8) 10.2 (7.5) <0.001
Sleep duration (h/d) 8.5 (1.2) 8.2 (1.1) 7.9 (0.9) <0.001

Continuous variables were displayed as means and standard deviation and categorical variables were expressed
as numbers and percentages. Analysis of variance for continuous variables and χ2 test for categoric variables.
Abbreviation: BMI, body mass index; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; AST, aspartate transaminase; ALT, alanine aminotransferase.

As shown in the additional file: Supplementary Figure S2, dose–response analyses
displayed the inverse linear associations of weighted lifestyle score with risks of MAFLD
and MAFLD with diabetes (p for non-linear association = 0.099 and 0.155, respectively)
and the non-linear associations between weighted lifestyle score and MAFLD with excess
weight or obesity and MAFLD with MD. When stratified by age, sex, hypertension status,
and hyperlipidemia status, the ideal lifestyle was steadily inversely associated with the
risks of MAFLD and specific subtypes (additional file: Supplementary Tables S6–S9).
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Table 2. Associations of healthy lifestyle score with MAFLD and specific subtypes.

Characteristics
Lifestyle Score

Poor (0–2) Intermediate
(3–4) Ideal (5–6)

Overall
No. of cases 2248 6617 2627
Univariate model 1 [Reference] 0.80 (0.74–0.85) 0.60 (0.55–0.65)
Model a 1 [Reference] 0.83 (0.77–0.89) 0.65 (0.60–0.70)
Model b 1 [Reference] 0.84 (0.78–0.90) 0.68 (0.62–0.74)
Model c 1 [Reference] 0.79 (0.73–0.86) 0.62 (0.57–0.68)
MAFLD with excess weight or obesity
No. of cases 1869 4614 1228
Univariate model 1 [Reference] 0.62 (0.58–0.67) 0.29 (0.26–0.31)
Model a 1 [Reference] 0.64 (0.60–0.69) 0.31 (0.28–0.34)
Model b 1 [Reference] 0.66 (0.61–0.71) 0.33 (0.30–0.36)
Model c 1 [Reference] 0.63 (0.58–0.68) 0.31 (0.28–0.34)
MAFLD with diabetes
No. of cases 212 759 269
Univariate model 1 [Reference] 1.10 (0.94–1.28) 0.83 (0.69–0.99)
Model a 1 [Reference] 1.10 (0.94–1.28) 0.83 (0.69–1.00)
Model b 1 [Reference] 1.09 (0.89–1.34) 1.04 (0.82–1.33)
Model c 1 [Reference] 1.05 (0.85–1.31) 0.97 (0.75–1.26)
MAFLD with MD
No. of cases 2148 6209 2344
Univariate model 1 [Reference] 0.75 (0.70–0.80) 0.52 (0.48–0.57)
Model a 1 [Reference] 0.79 (0.74–0.85) 0.54 (0.58–0.63)
Model b 1 [Reference] 0.80 (0.75–0.87) 0.61 (0.56–0.67)
Model c 1 [Reference] 0.76 (0.70–0.82) 0.56 (0.51–0.62)

Data are presented as ORs (95% CI). a Adjusted for age (continuous), sex (male vs. female), and education (less
than high school, high school or equivalent, college or above). b Further adjusted for hypertension (yes or no),
CVD (yes or no), hyperlipidemia (yes or no), and diabetes (yes or no). c Further adjusted for total cholesterol
(continuous) and LDL-C (continuous). Abbreviation: MAFLD, metabolic dysfunction-associated fatty liver
disease; MD, metabolic dysregulation; CI, confidence interval.

The potential interactions between lifestyle and stratification factors were evaluated by
introducing a multiplicative term between lifestyle and stratification variables. As shown
in Figure 1, the associations of lifestyle with MAFLD and specific subtypes seemed to
be more evident among participants younger than 65 years old, female, without CVD or
diabetes, and with ideal serum LDL-C levels. Still, no interactions between the lifestyle
and covariates in MAFLD and specific subtypes were observed. When the lifestyle score
was weighted, the associations of lifestyle with MAFLD and specific subtypes were also
evident among younger individuals without hyperlipidemia, CVD, or diabetes (additional
file: Supplementary Figure S3).

As for the associations of each healthy lifestyle factor with risks of MAFLD and specific
subtypes, optimal BMI was related to ORs (95% CI) of 0.44 (0.42–0.47), 0.11 (0.10–0.12),
0.79 (0.67–0.93) and 0.41 (0.38–0.43) for MAFLD, MAFLD with excess weight or obesity,
MAFLD with diabetes and MAFLD with MD, respectively (additional file: Supplementary
Table S10). In addition, non-drinking was also a negatively correlated with MAFLD and
its subtypes (additional file: Supplementary Table S10). A robust association remained for
one score increase according to three basic lifestyle factors (additional file: Supplementary
Table S11). As shown in the additional file: Supplementary Table S12, when BMI was
removed from the lifestyle score, the reserved association was obviously weakened.
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Figure 1. Associations of healthy lifestyle score with the risks of MAFLD and the subtypes in
participants stratified by demographic and metabolic features. The dots indicate the ORs of an
ideal lifestyle score of 5–6 compared with a poor lifestyle score of 0–2, and the horizontal lines
indicate the 95% CIs. Adjusted for age (continuous), sex (male or female) and education (less
than high school, high school or equivalent, college or above), hypertension (yes or no), CVD
(yes or no), hyperlipidemia (yes or no), diabetes (yes or no), total cholesterol (continuous), and
LDL-C (continuous). MAFLD, metabolic dysfunction-associated fatty liver disease; MD, metabolic
dysregulation; FDR, false discovery rate; ORs, odds ratios; CIs, confidence intervals.

As shown in Table 3, compared with individuals with the consistently low lifestyle
score during the two follow-up periods, the ORs (95% CI) of participants who changed



Nutrients 2023, 15, 4588 8 of 12

from the low-scoring to the high-scoring lifestyle were 0.76 (0.68–0.86), 0.72 (0.63–0.81), 0.74
(0.54–1.02) and 0.49 (0.43–0.55) for MAFLD, MAFLD with excess weight or obesity, MAFLD
with diabetes and MAFLD with MD, respectively. Moreover, the risk was lowest among
participants having a consistently high-scoring lifestyle, and the ORs (95% CIs) were 0.71
(0.61–0.82), 0.64 (0.56–0.74), and 0.41 (0.35–0.48) for MAFLD, MAFLD with excess weight or
obesity, and MAFLD with MD, respectively.

Table 3. Associations of lifestyle changes with risks of MAFLD and specific subtypes.

Measures
Change in Lifestyle Score, ORs (95% CIs)

Consistently Low High to Low Low to High Consistently High

No. of cases 666 594 133 34
MAFLD 1 [Reference] 0.88 (0.74–1.04) 0.76 (0.68–0.86) 0.71 (0.61–0.82)
MAFLD with excess weight or obesity 1 [Reference] 0.85 (0.71–1.00) 0.72 (0.63–0.81) 0.64 (0.56–0.74)
MAFLD with diabetes 1 [Reference] 0.76 (0.47–1.25) 0.74 (0.54–1.02) 0.87 (0.59–1.28)
MAFLD with MD 1 [Reference] 0.79 (0.66–0.94) 0.49 (0.43–0.55) 0.41 (0.35–0.48)

Data are presented as ORs (95% CIs). Adjusted for age (continuous), sex (male vs. female) and education
(less than high school, high school or equivalent, college or above), hypertension (yes or no), CVD (yes or
no), hyperlipidemia (yes or no), diabetes (yes or no), total cholesterol (continuous), and LDL-C (continuous).
Abbreviation: MAFLD, metabolic dysfunction-associated fatty liver disease; MD, metabolic dysregulation; CI,
confidence interval.

The associations remained broadly consistent in sensitivity analyses by excluding
participants with prevalent CVD (additional file: Supplementary Table S13), excluding indi-
viduals with incomplete information at baseline (additional file: Supplementary Table S14),
including mental health for further adjustment (additional file: Supplementary Table S15),
redefining the healthy level of BMI with WHO criteria (additional file: Supplementary
Table S16), or imputing missing covariates by multiple imputations (additional file: Supple-
mentary Table S17).

4. Discussion

In this prospective cohort study of more than 40 thousand middle-aged and elderly
Chinese adults, the combined healthy lifestyle was associated with lower risks of MAFLD
and specific subtypes. In these healthy lifestyle factors, optimal BMI is one of the key factors
in reducing the risks of MAFLD and the specific subtypes. Our findings highlighted that
adherence to a favorable lifestyle might benefit lower risks of MAFLD and specific subtypes,
particularly in individuals who are overweight/obese or with metabolic dysregulation.

A controlled clinical trial reported that lifestyle interventions of 12-week aerobic
exercise could improve BMI, and waist circumference and reduce fibrosis and hepatocyte
ballooning in 58% (p = 0.034) and 67% (p = 0.020) of patients with biopsy-confirmed
MAFLD [9]. Combined lifestyle factors (low carbohydrate diet, aerobic training, and
resistance training) significantly improved the serum indicators in adults with MAFLD [20].
Still, several limitations restrict the understanding and prevention of MAFLD. First, middle-
aged and elderly adults are at high risk of MAFLD, but sufficient attention has not been
paid to prevent MAFLD in this specific group. Second, the sample size was too small
to address the generalizability of the findings, no information on lifestyle changes, and
insufficient adjustment for several important covariates [10,21]. Third, only a single lifestyle
(diet, alcohol consumption) was considered, and the effects of combined healthy lifestyle
factors on the risk of MAFLD were ignored [11,22]. Last, race is a key factor in MAFLD,
but previous studies were based on the American population [5,23], and some evidence of
the Asian population should be reported to test the generalizability.

Age and sex are considered risk factors for MAFLD. Data from the Third National
Health and Nutrition Examination Surveys (NHANES 1988–1994) showed that MAFLD
patients were elderly (48.8 ± 15.1 vs. 46.8 ± 15.8, p < 0.001), predominantly male (1959
(50.4%) vs. 2014 (46.3%), p < 0.001) compared to NAFLD patients [24]. Furthermore, results
from NHANES (2011–2018) showed that MAFLD prevalence increased with age, rising
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from 23.2% (95% CI, 21.7–24.6%) among individuals aged 18–39 years to 43.8% (95% CI,
42.1–45.5%) when aged >60 years, regardless of their gender, or race/ethnic groups [5].
Among participants aged >60 years, MAFLD prevalence was 47.7% among men and 63.6%
among Hispanics [5,22]. Consistent with previous studies, our present study found that the
association between a healthy lifestyle and MAFLD was strengthened in elderly (<65 years
vs. >65 years: 0.57 (0.51–0.64) vs. 0.70 (0.59–0.82)) and male (male vs. female: 0.64 (0.56–0.73)
vs. 0.60 (0.52–0.69)) individuals.

A healthy lifestyle is the cornerstone of steatohepatitis care, and adopting a healthy lifestyle
is the most cost-effective strategy for preventing MAFLD-mediated non-communicable dis-
eases [25]. A recent meta-analysis of thirty-four RCT studies with 2652 participants who
were all obese (8% with diabetes) found that the healthiest lifestyle was associated with
a lower risk of MAFLD [20]. Our present study leveraged data from 23,408 middle-aged
and elderly participants with 7.9 years median follow-up duration and found that the
healthiest lifestyle was associated with a 32% lower risk of MAFLD compared with the least
healthy lifestyle, providing much stronger evidence highlighting management of MAFLD
by maintaining a healthy lifestyle. Of note, the associations between combined healthy
lifestyle factors and MAFLD with excess weight or obesity and MAFLD with MD were
much stronger (0.31 (0.28–0.34), 0.56 (0.51–0.62), respectively), which was independent
of age, sex, hypertension, hyperlipidemia, CVD, and diabetes, indicating that favorable
lifestyle interventions might be a key management and treatment strategy for hepatic
steatosis accompanied by excess weight/obesity or metabolic abnormalities.

Among the modifications of various lifestyles, optimal BMI maintenance has been
a widely recognized crucial recommendation for NAFLD treatment [26]. Indeed, a close
association between the risk of MAFLD and obesity has been reported: 59.1% of obese
patients who underwent a liver biopsy were found to have MAFLD, whereas only 3% to
5% of the general population have the disease [27]. Consistent with this view, our study
found that optimal BMI was the most important protective factor for MAFLD and the
specific subtypes, including MAFLD with diabetes (OR, 0.79; 95% (0.67–0.93)). In addition,
a cross-sectional study examined 11,766 participants and found that among male patients
with alcohol consumption of >70 g/week, several noninvasive liver fibrosis scores were
significantly higher in the MAFLD group than in the NAFLD group [21]. In the present
study, we also found that the key component of a favorable lifestyle—current nondrinking,
was inversely associated with the risks of MAFLD and the specific subtypes. Notably, we
found that lifestyle improvement was associated with significantly lower risks of MAFLD,
MAFLD with excess weight or obesity, and MAFLD with MD, indicating that it is never
too late to improve lifestyle for MAFLD prevention.

To our best knowledge, no study has examined the association of combined healthy
lifestyle factors with the risk of MAFLD among middle-aged and elderly adult participants.
Moreover, we are the first to investigate the association of lifestyle factors combination
and lifestyle changes, with the risks of MAFLD and the specific subtypes. The underlying
pathogenetic mechanisms for the beneficial associations of a favorable lifestyle with the risk
of MAFLD involve various pathways affecting the metabolism of liver fat via regulating
visceral fat accumulation, insulin resistance, inflammation, mitochondrial and endoplasmic
reticulum dysfunction, and an imbalance in gut microbiota (the so-called “multiple parallel
hits” theory) [28]. MAFLD was associated with high risks of incident diabetes (risk ratio,
2.2; 95% CI, 1.7–2.5), CKD (risk ratio, 1.6; 95% CI, 1.4–1.9), and CVD (hazard ratio, 1.4; 95%
CI, 1.2–1.8) [29], which might aggravate these extra-hepatic diseases through the above
metabolic pathways and molecular mechanisms.

Although the prospective design, large sample size, long-term follow-ups, and stan-
dardized variable definition ensure the validity, accuracy, and reliability of our findings,
some limitations still need to be noted. First, our findings apply to the middle-aged and
elderly Asian population, but these findings require cautious interpretation in other eth-
nic groups. Second, measurement errors were inevitable in self-reported assessments of
lifestyle factors. Third, due to missing information, the characteristics of the participants in-
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cluded and excluded in this study were different, which might cause selection bias. Fourth,
the six dimensions of lifestyle might not contain all aspects needed to assess lifestyle,
although the major modifiable components were reported in previous literature [19,30].
Fifth, the dietary factor was assessed by a simple food frequency questionnaire without
information about food portion size. Therefore, we could not adjust the total energy intake
in the models. However, the associations of MAFLD with meat, fruit, and vegetable intake
frequency were reported in other sizeable longitudinal studies [31,32].

As shown in the Graphical Abstract, this cohort study of middle-aged and elderly
participants found that adhering to a healthy lifestyle was associated with lower risk of
MAFLD, MAFLD with excess weight or obesity, MAFLD with diabetes, and MAFLD with
metabolic dysregulation among individuals with different metabolic characteristics. Ad-
ditionally, lifestyle improvement reduced the risks of MAFLD and the specific subtypes.
Our findings highlight the urgent need for multi-component lifestyle management among
individuals having MAFLD with excess weight or obesity, diabetes, and metabolic dysreg-
ulation to avoid intra-hepatic and extra-hepatic diseases, and maintaining optimal body
weight should be prioritized.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu15214588/s1. Table S1: The definition and scoring of healthy
and unhealthy lifestyle factors. Table S2: The diagnostic criteria of MAFLD in Asians. Table S3:
Baseline characteristics for participants included and excluded due to missing data on the six lifestyle
factors. Table S4: The participants’ lab test results at baseline and the end of follow-up. Table S5: Asso-
ciations of weighted healthy lifestyle score with MAFLD and specific subtypes. Table S6: Associations
of weighted healthy lifestyle score with MAFLD in individuals stratified by different sociodemo-
graphic and common comorbidities. Table S7: Associations between weighted healthy lifestyle score
and MAFLD with excess weight or obesity in individuals stratified by different demographic and
common comorbidities. Table S8: Associations of weighted healthy lifestyle score with incident
MAFLD in individuals with diabetes stratified by different demographic and common comorbidities.
Table S9: Associations of weighted healthy lifestyle score with MAFLD in individuals with metabolic
dysregulation stratified by different demographic and common comorbidities. Table S10: Associ-
ations of each healthy lifestyle factor with risks of MAFLD and specific subtypes. Table S11: ORs
(95% CIs) for one score increase according to three basic lifestyle factors. Table S12: Associations of
five different baseline lifestyle scores with MAFLD and specific subtypes. Table S13: Associations
of healthy lifestyle score with MAFLD and specific subtypes after excluding participants with CVD
at baseline. Table S14: Associations of healthy lifestyle score with MAFLD and specific subtypes
after excluding participants with incomplete information at baseline. Table S15: Associations of
healthy lifestyle score with MAFLD and specific subtypes after mental health adjustment. Table S16:
Associations of healthy lifestyle score with MAFLD and specific subtypes after using WHO BMI
cutoff. Table S17: Associations of healthy lifestyle score with MAFLD and specific subtypes after
using multiple imputations. Figure S1: Flowchart. Figure S2: Multivariate-adjusted spline curves for
associations of weighted lifestyle score with the risks of MAFLD and specific subtypes. Figure S3:
Stratified analysis of association of weighted healthy lifestyle score with an incident of MAFLD and
its specific subtypes. References [33–37] cited in Supplementary Materials.

Author Contributions: All authors conceived the study concept, design, and analysis. Study design:
P.Y., L.D., L.C. and Y.T. Collection of data: H.L., Z.C., Y.Z., Z.Z., S.Z., Y.S. and Q.Z. Data analysis: H.L.,
Z.C., L.K. and J.L. Writing of the manuscript: H.L., Z.C. and P.Y. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by the National Key Research and Development Program of
China (2020YFC2006300) and the National Natural Science Foundation of China (No. 81973044,
82273628, 82003448).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics and Human Subject Committees of the School of Public
Health, Tongji Medical College, Huazhong University of Science and Technology (approval code:
2008-03; approval data: Mar. 2008).

https://www.mdpi.com/article/10.3390/nu15214588/s1
https://www.mdpi.com/article/10.3390/nu15214588/s1


Nutrients 2023, 15, 4588 11 of 12

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets used and/or analyzed in the current study are available
from the corresponding author upon reasonable request.

Acknowledgments: We gratefully acknowledge all the participants for taking part in the present
DFTJ cohort study as well as all the volunteers for assisting in collecting the samples and data.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Younossi, Z.; Tacke, F.; Arrese, M.; Sharma, B.C.; Mostafa, I.; Bugianesi, E.; Wong, V.W.; Yilmaz, Y.; George, J.; Fan, J.; et al. Global

Perspectives on Nonalcoholic Fatty Liver Disease and Nonalcoholic Steatohepatitis. Hepatology 2019, 69, 2672–2682. [CrossRef]
2. Eslam, M.; Newsome, P.N.; Sarin, S.K.; Anstee, Q.M.; Targher, G.; Romero-Gomez, M.; Zelber-Sagi, S.; Wai-Sun Wong, V.; Dufour,

J.F.; Schattenberg, J.M.; et al. A new definition for metabolic dysfunction-associated fatty liver disease: An international expert
consensus statement. J. Hepatol. 2020, 73, 202–209. [CrossRef]

3. Yu, C.; Wang, M.; Zheng, S.; Xia, M.; Yang, H.; Zhang, D.; Yin, C.; Cheng, N.; Bai, Y. Comparing the Diagnostic Criteria of MAFLD
and NAFLD in the Chinese Population: A Population-based Prospective Cohort Study. J. Clin. Transl. Hepatol. 2022, 10, 6–16.
[CrossRef] [PubMed]

4. Lee, H.; Lee, Y.H.; Kim, S.U.; Kim, H.C. Metabolic Dysfunction-Associated Fatty Liver Disease and Incident Cardiovascular
Disease Risk: A Nationwide Cohort Study. Clin. Gastroenterol. Hepatol. 2021, 19, 2138–2147.e10. [CrossRef]

5. Wong, R.J.; Cheung, R. Trends in the Prevalence of Metabolic Dysfunction-Associated Fatty Liver Disease in the United States,
2011–2018. Clin. Gastroenterol. Hepatol. 2022, 20, e610–e613. [CrossRef] [PubMed]

6. Yamamura, S.; Eslam, M.; Kawaguchi, T.; Tsutsumi, T.; Nakano, D.; Yoshinaga, S.; Takahashi, H.; Anzai, K.; George, J.; Torimura,
T. MAFLD identifies patients with significant hepatic fibrosis better than NAFLD. Liver Int. 2020, 40, 3018–3030. [CrossRef]
[PubMed]

7. Yoneda, M.; Yamamoto, T.; Honda, Y.; Imajo, K.; Ogawa, Y.; Kessoku, T.; Kobayashi, T.; Nogami, A.; Higurashi, T.; Kato, S.; 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. J.
Gastroenterol. 2021, 56, 1022–1032. [CrossRef] [PubMed]

8. Lange, N.F.; Radu, P.; Dufour, J.F. Prevention of NAFLD-associated HCC: Role of lifestyle and chemoprevention. J. Hepatol. 2021,
75, 1217–1227. [CrossRef]

9. O’Gorman, P.; Naimimohasses, S.; Monaghan, A.; Kennedy, M.; Melo, A.M.; Ni Fhloinn, D.; Doherty, D.G.; Beddy, P.; Finn, S.P.;
Moore, J.B.; et al. Improvement in histological endpoints of MAFLD following a 12-week aerobic exercise intervention. Aliment.
Pharmacol. Ther. 2020, 52, 1387–1398. [CrossRef]

10. Fujii, H.; Nakamura, N.; Fukumoto, S.; Kimura, T.; Nakano, A.; Nadatani, Y.; Tauchi, Y.; Nishii, Y.; Takashima, S.; Kamada, Y.;
et al. Lifestyle changes during the coronavirus disease 2019 pandemic impact metabolic dysfunction-associated fatty liver disease.
Liver Int. 2022, 42, 995–1004. [CrossRef]

11. Taheri, E.; Bostick, R.M.; Hatami, B.; Pourhoseingholi, M.A.; Asadzadeh Aghdaei, H.; Moslem, A.; Mousavi Jarrahi, A.; Zali,
M.R. Dietary and Lifestyle Inflammation Scores Are Inversely Associated with Metabolic-Associated Fatty Liver Disease among
Iranian Adults: A Nested Case-Control Study. J. Nutr. 2022, 152, 559–567. [CrossRef] [PubMed]

12. Haldrup, D.; Wei, C.; Holland-Fischer, P.; Kristensen, K.; Rittig, S.; Lange, A.; Horlyck, A.; Solvig, J.; Gronbaek, H.; Birkebaek,
N.H.; et al. Effects of lifestyle intervention on IGF-1, IGFBP-3, and insulin resistance in children with obesity with or without
metabolic-associated fatty liver disease. Eur. J. Pediatr. 2023, 182, 855–865. [CrossRef] [PubMed]

13. Yang, J.; Luo, S.; Li, R.; Ju, J.; Zhang, Z.; Shen, J.; Sun, M.; Fan, J.; Xia, M.; Zhu, W.; et al. Sleep Factors in Relation to Metabolic
Dysfunction-Associated Fatty Liver Disease in Middle-Aged and Elderly Chinese. J. Clin. Endocrinol. Metab. 2022, 107, 2874–2882.
[CrossRef] [PubMed]

14. Wang, F.; Zhu, J.; Yao, P.; Li, X.; He, M.; Liu, Y.; Yuan, J.; Chen, W.; Zhou, L.; Min, X.; et al. Cohort Profile: The Dongfeng-Tongji
cohort study of retired workers. Int. J. Epidemiol. 2013, 42, 731–740. [CrossRef] [PubMed]

15. Han, X.; Wei, Y.; Hu, H.; Wang, J.; Li, Z.; Wang, F.; Long, T.; Yuan, J.; Yao, P.; Wei, S.; et al. Genetic Risk, a Healthy Lifestyle, and
Type 2 Diabetes: The Dongfeng-Tongji Cohort Study. J. Clin. Endocrinol. Metab. 2020, 105, 1242–1250. [CrossRef]

16. Arnett, D.K.; Blumenthal, R.S.; Albert, M.A.; Buroker, A.B.; Goldberger, Z.D.; Hahn, E.J.; Himmelfarb, C.D.; Khera, A.; Lloyd-
Jones, D.; McEvoy, J.W.; et al. 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular Disease: A Report of the
American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation 2019, 140,
e596–e646. [CrossRef]

17. Chen, C.; Lu, F.C.; Department of Disease Control Ministry of Health, PR China. The guidelines for prevention and control of
overweight and obesity in Chinese adults. Biomed. Environ. Sci. 2004, 17, 1–36.

18. Eslam, M.; Sarin, S.K.; Wong, V.W.; Fan, J.G.; Kawaguchi, T.; Ahn, S.H.; Zheng, M.H.; Shiha, G.; Yilmaz, Y.; Gani, R.; 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. Hepatol. Int. 2020, 14, 889–919. [CrossRef]

https://doi.org/10.1002/hep.30251
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.14218/JCTH.2021.00089
https://www.ncbi.nlm.nih.gov/pubmed/35233368
https://doi.org/10.1016/j.cgh.2020.12.022
https://doi.org/10.1016/j.cgh.2021.01.030
https://www.ncbi.nlm.nih.gov/pubmed/33493692
https://doi.org/10.1111/liv.14675
https://www.ncbi.nlm.nih.gov/pubmed/32997882
https://doi.org/10.1007/s00535-021-01828-6
https://www.ncbi.nlm.nih.gov/pubmed/34601620
https://doi.org/10.1016/j.jhep.2021.07.025
https://doi.org/10.1111/apt.15989
https://doi.org/10.1111/liv.15158
https://doi.org/10.1093/jn/nxab391
https://www.ncbi.nlm.nih.gov/pubmed/34791370
https://doi.org/10.1007/s00431-022-04731-1
https://www.ncbi.nlm.nih.gov/pubmed/36508014
https://doi.org/10.1210/clinem/dgac428
https://www.ncbi.nlm.nih.gov/pubmed/35900115
https://doi.org/10.1093/ije/dys053
https://www.ncbi.nlm.nih.gov/pubmed/22531126
https://doi.org/10.1210/clinem/dgz325
https://doi.org/10.1161/CIR.0000000000000678
https://doi.org/10.1007/s12072-020-10094-2


Nutrients 2023, 15, 4588 12 of 12

19. Lu, Q.; Zhang, Y.; Geng, T.; Yang, K.; Guo, K.; Min, X.; He, M.; Guo, H.; Zhang, X.; Yang, H.; et al. Association of Lifestyle Factors
and Antihypertensive Medication Use with Risk of All-Cause and Cause-Specific Mortality Among Adults with Hypertension in
China. JAMA Netw. Open 2022, 5, e2146118. [CrossRef]

20. Chai, X.N.; Zhou, B.Q.; Ning, N.; Pan, T.; Xu, F.; He, S.H.; Chen, N.N.; Sun, M. Effects of lifestyle intervention on adults with
metabolic associated fatty liver disease: A systematic review and meta-analysis. Front. Endocrinol. 2023, 14, 1081096. [CrossRef]

21. Sogabe, M.; Okahisa, T.; Kurihara, T.; Kagawa, M.; Ueda, H.; Kawaguchi, T.; Fukuya, A.; Kagemoto, K.; Tanaka, H.; Kida, Y.; et al.
Comparison of the role of alcohol consumption and qualitative abdominal fat on NAFLD and MAFLD in males and females. Sci.
Rep. 2022, 12, 16048. [CrossRef] [PubMed]

22. Odegaard, A.O.; Jacobs, D.R.; Van Wagner, L.B.; Pereira, M.A. Levels of abdominal adipose tissue and metabolic-associated fatty
liver disease (MAFLD) in middle age according to average fast-food intake over the preceding 25 years: The CARDIA Study. Am.
J. Clin. Nutr. 2022, 116, 255–262. [CrossRef] [PubMed]

23. Tian, T.; Zhang, J.; Xie, W.; Ni, Y.; Fang, X.; Liu, M.; Peng, X.; Wang, J.; Dai, Y.; Zhou, Y. Dietary Quality and Relationships with
Metabolic Dysfunction-Associated Fatty Liver Disease (MAFLD) among United States Adults, Results from NHANES 2017-2018.
Nutrients 2022, 14, 4505. [CrossRef] [PubMed]

24. Lin, S.; Huang, J.; Wang, M.; Kumar, R.; Liu, Y.; Liu, S.; Wu, Y.; Wang, X.; Zhu, Y. Comparison of MAFLD and NAFLD diagnostic
criteria in real world. Liver Int. 2020, 40, 2082–2089. [CrossRef]

25. Younossi, Z.M.; Corey, K.E.; Lim, J.K. AGA Clinical Practice Update on Lifestyle Modification Using Diet and Exercise to
Achieve Weight Loss in the Management of Nonalcoholic Fatty Liver Disease: Expert Review. Gastroenterology 2021, 160, 912–918.
[CrossRef]

26. Roeb, E. Excess Body Weight and Metabolic (Dysfunction)-Associated Fatty Liver Disease (MAFLD). Visc. Med. 2021, 37, 273–280.
[CrossRef]

27. Oda, K.; Uto, H.; Mawatari, S.; Ido, A. Clinical features of hepatocellular carcinoma associated with nonalcoholic fatty liver
disease: A review of human studies. Clin. J. Gastroenterol. 2015, 8, 1–9. [CrossRef]

28. Bae, S.D.W.; George, J.; Qiao, L. From MAFLD to hepatocellular carcinoma and everything in between. Chin. Med. J. (Engl.) 2022,
135, 547–556. [CrossRef] [PubMed]

29. Liang, Y.; Chen, H.; Liu, Y.; Hou, X.; Wei, L.; Bao, Y.; Yang, C.; Zong, G.; Wu, J.; Jia, W. 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,
88–97. [CrossRef]

30. Zhang, Y.B.; Pan, X.F.; Lu, Q.; Wang, Y.X.; Geng, T.T.; Zhou, Y.F.; Liao, L.M.; Tu, Z.Z.; Chen, J.X.; Xia, P.F.; et al. Associations of
combined healthy lifestyles with cancer morbidity and mortality among individuals with diabetes: Results from five cohort
studies in the USA, the UK and China. Diabetologia 2022, 65, 2044–2055. [CrossRef] [PubMed]

31. Liu, Z.; Huang, H.; Xie, J.; Xu, C. Dietary Patterns and Long-Term Outcomes in Patients with NAFLD: A Prospective Analysis of
128,695 UK Biobank Participants. Nutrients 2023, 15, 271. [CrossRef]

32. Paik, J.M.; Mir, S.; Alqahtani, S.A.; Younossi, Y.; Ong, J.P.; Younossi, Z.M. Dietary Risks for Liver Mortality in NAFLD: Global
Burden of Disease Data. Hepatol. Commun. 2022, 6, 90–100. [CrossRef] [PubMed]

33. Janjua, M.; Knuiman, M.; Divitini, M.; McQuillan, B.; Olynyk, J.K.; Jeffrey, G.P.; Adams, L.A. Alcohol Consumption and
Cardiovascular Outcomes in Patients with Nonalcoholic Fatty Liver Disease: A Population-Based Cohort Study. Hepatol. Commun.
2022, 6, 526–534. [CrossRef]

34. Griswold, M.G.; Fullman, N.; Hawley, C.; Arian, N.; Zimsen, S.R.; Tymeson, H.D.; Venkateswaran, V.; Tapp, A.D.; Forouzanfar,
M.H.; Salama, J.S.; et al. Alcohol use and burden for 195 countries and territories, 1990–2016: A systematic analysis for the Global
Burden of Disease Study 2016. Lancet 2018, 392, 1015–1035. [CrossRef]

35. Peng, H.; Pan, L.; Ran, S.; Wang, M.; Huang, S.; Zhao, M.; Cao, Z.; Yao, Z.; Xu, L.; Yang, Q.; et al. Prediction of MAFLD and
NAFLD using different screening indexes: A cross-sectional study in U.S. adults. Front. Endocrinol. 2023, 14, 1083032. [CrossRef]
[PubMed]

36. Lloyd-Jones, D.M.; Allen, N.B.; Anderson, C.A.; Black, T.; Brewer, L.C.; Foraker, R.E.; Grandner, M.A.; Lavretsky, H.; Perak, A.M.;
Sharma, G.; et al. Life’s Essential 8: Updating and Enhancing the American Heart Association’s Construct of Cardiovascular
Health: A Presidential Advisory From the American Heart Association. Circulation 2022, 146, e18–e43. [CrossRef] [PubMed]

37. Wang, Q.; Guo, Q.; Zhou, L.; Li, W.; Yuan, Y.; Lei, W.; Liu, K.; Xu, M.; Diao, T.; Gao, H.; et al. Associations of Baseline and Changes
in Leukocyte Counts with Incident Cardiovascular Events: The Dongfeng-Tongji Cohort Study. J. Atheroscler. Thromb. 2022, 29,
1040–1058. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1001/jamanetworkopen.2021.46118
https://doi.org/10.3389/fendo.2023.1081096
https://doi.org/10.1038/s41598-022-20124-8
https://www.ncbi.nlm.nih.gov/pubmed/36163355
https://doi.org/10.1093/ajcn/nqac079
https://www.ncbi.nlm.nih.gov/pubmed/35679431
https://doi.org/10.3390/nu14214505
https://www.ncbi.nlm.nih.gov/pubmed/36364767
https://doi.org/10.1111/liv.14548
https://doi.org/10.1053/j.gastro.2020.11.051
https://doi.org/10.1159/000515445
https://doi.org/10.1007/s12328-014-0548-5
https://doi.org/10.1097/CM9.0000000000002089
https://www.ncbi.nlm.nih.gov/pubmed/35191421
https://doi.org/10.1210/clinem/dgab641
https://doi.org/10.1007/s00125-022-05754-x
https://www.ncbi.nlm.nih.gov/pubmed/36102938
https://doi.org/10.3390/nu15020271
https://doi.org/10.1002/hep4.1707
https://www.ncbi.nlm.nih.gov/pubmed/34558838
https://doi.org/10.1002/hep4.1828
https://doi.org/10.1016/S0140-6736(18)31310-2
https://doi.org/10.3389/fendo.2023.1083032
https://www.ncbi.nlm.nih.gov/pubmed/36742412
https://doi.org/10.1161/CIR.0000000000001078
https://www.ncbi.nlm.nih.gov/pubmed/35766027
https://doi.org/10.5551/jat.62970
https://www.ncbi.nlm.nih.gov/pubmed/34305075

	Introduction 
	Materials and Methods 
	Study Population 
	Definition of Lifestyle Factors and Scores 
	Ascertainment of Baseline and Incident MAFLD 
	Statistical Analysis 

	Results 
	Discussion 
	References

