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Purpose: Emerging evidence suggested that metabolic dysfunction-associated fatty liver disease (MAFLD) was significantly 
associated with atherosclerotic diseases. Atherosclerosis in the peripheral arteries is the most common cause of peripheral arterial 
disease (PAD), which has not been substantially controlled in the past. We aimed to investigate the association between MAFLD and 
PAD in the Chinese population.
Patients and Methods: This observational study covered 102,115 participants who underwent health checkups with detailed examinations 
for PAD and MAFLD. PAD was measured by ankle-brachial index, and MAFLD was diagnosed by abdominal ultrasound. The generalized 
linear mixed models and random-effects Cox proportional hazards models were used to analyze the relationship between MAFLD and PAD.
Results: The baseline characteristics showed that patients with MAFLD had higher prevalence of PAD compared with those without 
MAFLD (2.7% vs 2.2%). Compared to non-MAFLD, the individuals with MAFLD were associated with a higher risk of the presence 
of PAD (adjusted odds ratio: 1.30, 95% confidence interval (CI): 1.19–1.42, P < 0.001). In the prospective cohort study, 6833 
participants underwent a follow-up of 2.76 (standard deviation: 1.36) years, and MAFLD at baseline was a higher risk of associated 
with incident PAD (adjusted hazards ratio: 1.67, 95% CI: 1.17–2.38, P = 0.005). Moreover, with the accumulation of metabolic 
abnormalities, the risk of the PAD was increased in the individuals with MAFLD. Furthermore, MAFLD attributed risk of PAD was 
more evident in participants without metabolic comorbidities.
Conclusion: MAFLD was associated with a significantly higher risk for the prevalence and incidence of PAD in the Chinese 
population. The finding suggested that individuals with MAFLD are not only have a higher risk of coronary heart diseases but also 
have an increased risk of atherosclerosis in peripheral arteries.
Keywords: chronic liver disease, metabolic disorder, arteriosclerosis, cross-sectional study, prospective cohort study

Introduction
Non-alcoholic fatty liver disease (NAFLD) remains the most common chronic liver disease worldwide.1 In recent years, 
the global prevalence of NAFLD had increased to 25%, drawing great public health concern.2 Metabolic dysfunction- 
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associated fatty liver disease (MAFLD), is an updated term for NAFLD, and its inclusion criteria highlight systemic 
metabolic disorder (MD) regardless of alcohol consumption or other liver diseases.3,4

MAFLD is not only a liver disease but also a major metabolic disease that leads to cardiovascular diseases (CVD).5–7 

Peripheral arterial disease (PAD), a common manifestation of systemic atherosclerosis, has been reported associated with 
a significantly elevated risk of CVD events and all-cause mortality.8–10 For instance, in a community-based cohort of 
participants aged 45–64 years, PAD was significantly associated with higher risks of stroke, coronary heart disease 
(CHD) and heart failure (HF), independent of traditional cardiovascular risk factors.11 Nonetheless, most patients with 
PAD are asymptomatic but undergo rapid progression in the early stage, which leads to PAD remaining under-recognized 
and under-treated.9 Therefore, it is important to take detection and prevention of PAD as soon as possible.

Previous studies demonstrated that there was an increased risk of atherosclerosis in NAFLD patients.12 For instance, 
a systematic review reported that NAFLD increases the risk of subclinical atherosclerosis.13 In addition, a cross-sectional 
study demonstrated that patients with NAFLD were associated with higher risks of PAD compared with those without NAFLD.14 

Recently, a prospective analysis indicated that MAFLD was significantly associated with higher risks of developing subclinical 
atherosclerosis, including elevated carotid intima-media thickness and elevated brachial ankle pulse wave velocity.15

However, the evidence regarding the association between MAFLD and the risks of PAD diagnosed by ankle-brachial 
index (ABI) has not been reported. This study aimed to explore the association between MAFLD and PAD. We 
performed cross-sectional design and prospective cohort design, respectively, based on a multi-center Chinese health 
check-up population to assess this relationship. The hypothesis of this study is that MAFLD is positively associated with 
the risk of PAD, and this risk increased with the number of metabolic comorbidities in individuals with MAFLD.

Materials and Methods
Study and Population
This study was designed as a multi-centered, observational study. Initially, we enrolled 102,115 adults with PAD and MAFLD 
check-up records in 4 hospitals from Beijing and Hubei province, during January 2011 and December 2017. In the cross- 
sectional study, we excluded 650 subjects with a history of cerebral ischemic stroke, arrhythmia, atrial fibrillation (AF), left 
ventricular hypertrophy (LVH), valvular heart disease (VHD), rheumatic heart disease (RHD), HF and CHD. At last, 101,465 
participants were included in the cross-sectional analysis of the association between PAD and MAFLD (Figure 1A).

The prospective cohort study included adults (age ≥18) with diagnosis of MAFLD and PAD, who underwent the health 
check-ups between January 2011 and December 2017. Further inclusion criterion was participants without a history of 
cardiac-cerebral vascular diseases and had at least one follow-up check-up including both MAFLD and PAD before 
December 2017. In total, 7771 participants were enrolled in the prospective study. Then, the exclusion criteria were as 
follows: 1) with PAD at baseline examination; 2) follow-up time <1 year. Finally, 6833 participants were involved in the 
analyses of the relationship between baseline MAFLD and the development of PAD during follow-up (Figure 1B).

Our study complies with the Declaration of Helsinki and was approved by the central ethics board of the Renmin 
Hospital of Wuhan University and each collaborating hospital in the ethics center. The informed consent of each patient 
was waived by the ethics committees, which were just for analysis after excluding personally identifiable data.

Data Collection
Anthropometric, blood test, medical history and abdominal ultrasound data were collected from each medical health 
screening center in the hospital. Every institution was equipped with professional and experienced medical teams. 
Anthropometric measurements included height, weight, waist circumference (WC) and blood pressure (BP). Body-mass 
index (BMI) was calculated as weight divided by the square of height (kg/m2). The blood data were measured after 
overnight fasting, which included fasting blood glucose (FPG), total cholesterol (TC), triglyceride (TG), high-density 
lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), total bilirubin, liver enzyme, creatinine and 
blood cell. Fibrosis-4 (FIB-4) index was calculated using the published formula: age (years) × aspartate aminotransferase 
(IU/L) / [platelet count (×109/L) × alanine aminotransferase (IU/L)1/2].16 The estimated glomerular filtration rate (eGFR) 
was calculated according to the Modification of Diet in Renal Disease equations.17
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Diabetes mellitus type 2 (T2DM) was defined as the personal history and the guidelines for the prevention and 
control of T2DM in China (2017).18 Hypertension was diagnosed according to the Chinese Guidelines for the 
Prevention and Treatment of Hypertension in 2018.19 Dyslipidemia was defined as at least one of the criteria: 1) 
LDL-c ≥4.14 mmol/L; 2) HDL-c <1.04 mmol/L; 3) TC ≥6.22 mmol/L; 4) TG ≥2.26 mmol/L; 5) use of lipid-lowering 
medications.20

MAFLD Definition and Grouping
Fatty liver disease was diagnosed using abdominal ultrasound in accordance with Asia-Pacific guidelines.21 MAFLD was 
diagnosed by the presence of both fatty liver disease and MD.22 The MD was defined as including any one of the 
following three conditions: overweight or obesity (defined as BMI ≥ 23 kg/m2); the presence of T2DM; and the presence 
of the metabolic dysregulation.22 Metabolic dysregulation was defined as the presence of at least two of following: 1) 
WC ≥90 cm in men and ≥80 cm in women, 2) BP ≥130/85 mmHg or usage of specific drug treatment, 3) TG 

Figure 1 Study flow chart. 
Notes: (A) Flow chart of participants in the cross-sectional analysis. (B) Flow chart of participants in the prospective cohort analysis. 
Abbreviations: PAD, peripheral arterial disease; MAFLD, metabolic dysfunction-associated fatty liver disease; CHD, coronary heart disease; AF, atrial fibrillation; LVH, left 
ventricular hypertrophy; VHD, valvular heart disease; RHD, rheumatic heart disease; HF, heart failure.
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≥1.70 mmol/L or usage of specific drug treatment, 4) HDL-c ≥1.0 mmol/L in men and ≥1.3 mmol/L in women or usage 
of specific drug treatment, 5) prediabetes (FBG = 5.6–6.9 mmol/L or 2-hour post-load glucose levels = 7.8–11.0 mmol/L 
or hemoglobin A1c = 5.7–6.4%).4

The participants were divided into two groups according to the presence of MAFLD. Furthermore, we divided MAFLD 
participants into three groups according to the number of MDs: MAFLD with one MD, MAFLD with two MDs and MAFLD with 
three MDs.

Definitions of PAD
In this study, ABI was determined using an arteriosclerosis detection device from each hospital. It was measured in 
participants by the specialist during the health examination. We defined participants with PAD as participants with ABI 
<0.9 (indicative of peripheral atherosclerosis) or ABI ≥1.3 (indicative of vascular calcification) in either leg, in 
combination with diagnosis standards or results from check-up records.23–25

Statistical Analysis
Data were analyzed in R version 4.0.0 (R Foundation for Statistical Computing, Vienna, Austria). All continuous 
variables were expressed as mean (standard deviation), and categorical variables were presented as number (percentage). 
The t-test or one-way ANOVA was used to evaluate the continuous variables, and Pearson’s chi-squared test or Kruskal– 
Wallis test was used to evaluate the categorical variables for the comparisons between two or four groups. All P values 
<0.05 was considered statistically significant.

A generalized linear mixed model was used to calculate the odds ratio (OR) with 95% confidence interval (CI) to analyze the 
relationship between MAFLD and the presence of PAD in the cross-sectional study. Then, the random-effects Cox proportional 
hazards model was used for incident PAD in the cohort study. The hazard ratio (HR) and 95% CI were calculated accordingly. In 
both the generalized linear mixed model and random-effects Cox proportional hazards model, model 1 was adjusted for age and 
gender, while model 2 was further adjusted for red blood cell, leukocyte count, hemoglobin, platelet count, and eGFR. 
Furthermore, we performed the stratified analyses in the subgroups, including BMI category, diabetes, hypertension and 
dyslipidemia, and examined the interactive effects between metabolic factor and MAFLD on the risk for PAD.

Some sensitivity analyses were performed to verify the relationship of MAFLD with the PAD. First, we further adjusted 
for FIB-4 scores in the models to estimate the relationship between MAFLD and PAD. Second, the MAFLD participants 
were regrouped into five groups according to the number of metabolic dysregulations in the whole sample and subgroups, 
including T2DM, non-T2DM, obesity and lean/normal weight. Finally, the subjects with other liver diseases (liver cancer, 
hepatitis B virus, hepatitis C virus) were excluded, and we reanalysis the association between MAFLD and PAD.

Results
Baseline Characteristics of Individuals in the Cross-Sectional Study
The cross-sectional study participants’ characteristics were shown in Tables 1 and S1. Among the 101,465 participants, 66,235 
(65.3%) subjects were male with the mean age was 49.8 (standard deviation [SD] 10.0) years. MAFLD was found in 51.0% of 
the total population. Compared with non-MAFLD group, those with MAFLD had significantly higher levels of BMI, WC, BP, 
blood glucose, creatinine, liver enzymes, and more lipid profiles of atherogenic (all P<0.001). Notably, a higher proportion of 
PAD was found in participants with MAFLD (2.7%) in comparison with those without MAFLD (2.2%).

Association Between MAFLD and the Presence of PAD in the Cross-Sectional 
Population
Risks of the presence of PAD associated with the MAFLD are shown in Table 2. Compared with the non-MAFLD group, after 
full adjustments, the MAFLD group was significantly associated with the risk of presence of PAD (OR, 1.30; 95% CI, 1.19–1.42) 
in the generalized linear mixed models. In addition, using the group of non-MAFLD as reference, MAFLD with three MD group 
(OR, 1.65; 95% CI, 1.43–1.90, P < 0.001) had higher odds for PAD compared MAFLD with two MD group (OR, 1.31; 95% CI, 
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Table 1 Baseline Characteristics of Participants in the Cross-Sectional Study

Characteristics Total Non-MAFLD MAFLD P value

N = 101,465 N = 49,700 N = 51,765

Demographics

Age (year, mean (SD)) 49.8 (10.0) 49.1 (11.0) 50.5 (8.9) <0.001

Gender, male, n (n%) 66,235 (65.3) 24,813 (49.9) 41,422 (80.0) <0.001

BMI (kg/m2, mean (SD)) 24.9 (3.4) 22.8 (2.6) 26.9 (2.8) <0.001

WC (cm, mean (SD)) 86.8 (10.7) 80.1 (8.7) 93.1 (8.2) <0.001

SBP (mmHg, mean (SD)) 122.3 (18.1) 117.3 (17.3) 127.2 (17.4) <0.001

DBP (mmHg, mean (SD)) 77.7 (11.6) 74.2 (10.6) 81.1 (11.4) <0.001

Laboratory examination

FBG (mmol/L, mean (SD)) 5.6 (1.4) 5.2 (1.0) 5.9 (1.6) <0.001

TC (mmol/L, mean (SD)) 4.9 (1.0) 4.8 (0.9) 5.0 (1.0) <0.001

TG (mmol/L, mean (SD)) 1.9 (1.8) 1.3 (1.1) 2.4 (2.2) <0.001

HDL-c (mmol/L, mean (SD)) 1.3 (0.4) 1.5 (0.4) 1.2 (0.3) <0.001

LDL-c (mmol/L, mean (SD)) 2.9 (0.9) 2.8 (0.8) 3.1 (0.9) <0.001

TBIL (μmol/L, mean (SD)) 12.6 (5.8) 12.9 (5.9) 12.3 (5.6) <0.001

ALT (IU/L, mean (SD)) 26.1 (24.1) 20.9 (22.1) 31.2 (24.9) <0.001

AST (IU/L, mean (SD)) 21.8 (14.6) 20.5 (14.5) 22.9 (14.7) <0.001

Creatinine (μmol/L, mean (SD)) 68.8 (17.3) 66.5 (18.5) 71.0 (15.6) <0.001

LEU (×109/L, mean (SD)) 6.2 (1.8) 6.0 (1.9) 6.4 (1.7) <0.001

RBC (×1012/L, mean (SD)) 4.8 (0.5) 4.6 (0.5) 4.9 (0.4) <0.001

HGB (g/L, mean (SD)) 144.2 (16.0) 138.8 (16.3) 149.3 (13.8) <0.001

PLT (×109/L, mean (SD)) 218.3 (55.6) 216.3 (56.8) 220.2 (54.4) <0.001

FIB-4 (mean (SD)) 1.1 (0.7) 1.2 (0.8) 1.1 (0.6) <0.001

eGFR (mL/ (min·1.73 m2), mean (SD)) 115.6 (25.4) 117.2 (25.9) 114.1 (24.9) <0.001

Comorbidities

Type 2 diabetes, n (n%) 11,976 (11.8) 2275 (4.6) 9701 (18.7) <0.001

Hypertension, n (n%) 22,676 (22.4) 6986 (14.1) 15,690 (30.4) <0.001

Dyslipidemia, n (n%) 42,282 (41.7) 11,542 (23.2) 30,740 (59.4) <0.001

Subclinical atherosclerosis

PAD, n (n%) 2516 (2.5) 1100 (2.2) 1416 (2.7) <0.001

Notes: P values were calculated by Student’s t-test for normally distributed variables and the Wilcoxon rank-sum test for 
non-normal distributed variables, as well as the chi-square test or Fisher’s exact test for categorical variables. 
Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; SD, standard deviation; BMI, body mass index; WC, 
waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, total cholesterol; 
TG, triglycerides; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; TBIL, total bilirubin; 
ALT, alanine aminotransferase; AST, aspartate transaminase; LEU, leukocyte count; RBC, red blood cell; HGB, hemoglobin; PLT, 
platelet count; FIB-4, fibrosis 4 Score; eGFR, estimated glomerular filtration rate; PAD, peripheral arterial disease.
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1.19–1.44, P < 0.001), whereas the MAFLD with one MD group without a significant risk of PAD (OR, 1.06; 95% CI, 0.91–1.23, 
P = 0.435). The P values for the trends were all significant (Tables S5 and S6).

Baseline Characteristics of Individuals in the Prospective Cohort Study
The detailed clinical characteristics of the prospective cohort were shown in Tables S2 and S3. The proportions of non- 
MAFLD and MAFLD were 37.3% (2551 participants) and 62.7% (4282 participants), respectively. The mean follow-up 
period was 2.76 (SD: 1.36) years. Compared to other groups, the participants with MAFLD were more likely to be older 
and male, accompanied by higher levels of BMI, WC, BP, FBG, LDL-c, TC, TG, creatinine and lower levels of HDL-c at 
baseline than non-MAFLD. Amongst participants with MAFLD, 17.3% were diabetics, 25.0% with hypertension and 
62.0% with dyslipidemia, which were significantly higher compared with non-MAFLD.

Association of MAFLD and the Incidence of PAD in the Prospective Cohort 
Population
Risks of the incidence of PAD related to MAFLD are shown in Table 3. During the follow-up period, the incident rate of 
PAD in the non-MAFLD and MAFLD groups was 1.8% (47/2551) and 3.3% (144/4282), respectively. Using the non- 
MAFLD group as the reference, MAFLD group had an increased risk with the incident of PAD (HR, 1.67; 95% CI, 1.17– 
2.38; P = 0.005) after adjustments for age, sex, red blood cell, leukocyte count, hemoglobin, platelet count and eGFR. 
Compared with the non-MAFLD group, the MAFLD with one MD group was not significantly associated with the risk of 
incident PAD after full adjustment (HR, 1.31; 95% CI, 0.74–2.31; P = 0.350). Participants who have MAFLD with two 
MDs had a 1.64-fold increased risk of developing PAD (95% CI, 1.13–2.38; P = 0.009). MAFLD with three MD group 
had a higher risk for PAD than MAFLD with two MD group (HR, 2.27; 95% CI, 1.39–3.71; P = 0.001).

Stratified Analyses of the Association Between MAFLD and PAD
The results of stratified analysis among the participants in the cross-section study and cohort study are shown in 
Figure 2 and Table S4. When stratified according to metabolic factors, MAFLD was significantly associated with an 
increased risk of PAD in the BMI ≥ 23 subgroup (OR, 1.13; 95% CI, 1.02–1.25; P < 0.05) but was not in the BMI 
<23 subgroup (OR, 0.90; 95% CI, 0.62–1.28). In addition, the association between MAFLD and increased risk of the 
presence of PAD was more evident in subgroups without diabetes (OR, 1.29; 95% CI, 1.18–1.42), without dyslipi-
demia (OR, 1.33; 95% CI, 1.16–1.52), and without hypertension (OR, 1.28; 95% CI, 1.15–1.43). There was 
a significant interaction between MAFLD and BMI was detected (Figure 2).

Table 2 Association Between MAFLD and the Presence of PAD in the Cross-Sectional Analysis

Groups Odds Ratio (95% Confidence Interval)

Crude P value Model 1 P value Model 2 P value 

Non-MAFLD 1 (reference) - 1 (reference) - 1 (reference) -

MAFLD 1.49 (1.37–1.62) <0.001 1.29 (1.19–1.41) <0.001 1.30 (1.19–1.42) <0.001

Categories by number of metabolic disorders in MAFLD

Non-MAFLD 1 (reference) - 1 (reference) - 1 (reference) -

MAFLD with one MD 1.14 (0.98–1.32) 0.080 1.05 (0.90–1.22) 0.514 1.06 (0.91–1.23) 0.435

MAFLD with two MD 1.49 (1.36–1.63) <0.001 1.29 (1.18–1.24) <0.001 1.31 (1.19–1.44) <0.001

MAFLD with three MD 2.11 (1.84–2.41) <0.001 1.64 (1.43–1.89) <0.001 1.65 (1.43–1.90) <0.001

Notes: Model 1, the adjustment factors included age, sex; Model 2, the adjustment factors included age, sex, red blood cell, leukocyte count, 
hemoglobin, platelet count and eGFR. P values were calculated based on generalized linear mixed model.

https://doi.org/10.2147/DMSO.S394414                                                                                                                                                                                                                               

DovePress                                                                                                                                

Diabetes, Metabolic Syndrome and Obesity 2023:16 378

Song et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=394414.docx
https://www.dovepress.com/get_supplementary_file.php?f=394414.docx
https://www.dovepress.com/get_supplementary_file.php?f=394414.docx
https://www.dovepress.com/get_supplementary_file.php?f=394414.docx
https://www.dovepress.com/get_supplementary_file.php?f=394414.docx
https://www.dovepress.com
https://www.dovepress.com


In the prospective cohort sub-group analysis, a significant association between MAFLD and increased risk of incident PAD 
was observed in subgroups without diabetes (HR, 1.64; 95% CI, 1.13–2.37), with dyslipidemia (HR, 1.92; 95% CI, 1.04–3.52), 
and without hypertension (HR, 1.61; 95% CI, 1.08–2.41), but no significant interactions were detected (Table S4).

Table 3 The Association Between Baseline MAFLD and the Incidence of PAD in the Prospective Cohort Analysis

Groups Incidence Rate Hazards Ratio (95% Confidence Interval)

Cases (%) Crude P value Model 1 P value Model 2 P value

Non-MAFLD 47 (1.8) 1 (reference) - 1 (reference) - 1 (reference) -

MAFLD 144 (3.3) 1.85 (1.33–2.57) <0.001 1.71 (1.20–2.43) 0.003 1.67 (1.17–2.38) 0.005

Categories by number of metabolic disorders in MAFLD

Non-MAFLD 47 (1.8) 1 (reference) - 1 (reference) - 1 (reference) -

MAFLD with one MD 17 (2.6) 1.44 (0.82–2.50) 0.200 1.34 (0.76–2.37) 0.310 1.31 (0.74–2.31) 0.350

MAFLD with two MD 98 (3.2) 1.80 (1.27–2.56) 0.001 1.69 (1.17–2.44) 0.005 1.64 (1.13–2.38) 0.009

MAFLD with three MD 29 (4.5) 2.46 (1.55–3.92) <0.001 2.23 (1.37–3.63) 0.001 2.27 (1.39–3.71) 0.001

Notes: Model 1, the adjustment factors included age, sex; Model 2, the adjustment factors included age, sex, red blood cell, leukocyte count, hemoglobin, platelet count and 
eGFR. P values were calculated based on random-effects Cox proportional hazards model.

Figure 2 Risks of the presence PAD in association with MAFLD in subgroups. 
Notes: The model was adjusted for age, sex, red blood cell, leukocyte count, hemoglobin, platelet count and eGFR. 
Abbreviations: BMI, body mass index; OR, odds ratio; CI, confidence interval.
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Sensitivity Analysis
We conducted the following sensitivity analyses. First, after further adjusted FIB-4, the relationship between MAFLD 
and PAD remains robust (Tables 4 and S7). Secondly, using the group of non-MAFLD or MAFLD without metabolic 
dysregulation as reference, this risk of PAD was increasing with the number of metabolic dysregulations in individuals 
with MAFLD (Tables S8 and S9). In the sensitive subgroup analysis, compared with the group with non-MAFLD or 
MAFLD without metabolic dysregulation, the MAFLD with variety metabolic dysregulation had higher risk of PAD in 
the T2DM, non-T2DM and obesity subgroup (Tables S10 and S11). However, whether in the cross-sectional study or 
cohort study, there was no significant association between MAFLD with variety metabolic dysregulation and PAD in the 
lean/normal weight subgroup (Tables S10 and S11). Finally, after excluding the participants with other liver disease, 
MAFLD was still associated with a significantly elevated risk of PAD (Tables S12 and S13).

Discussion
To our knowledge, we are the first to investigate the association between MAFLD and PAD in the Chinese population. 
We found that the risk of PAD was significantly higher in patients with MAFLD than in participants without MAFLD. 
Moreover, the risk of the presence and incidence of PAD increased with the number of metabolic comorbidities in 
individuals with MAFLD. Therefore, screening for subclinical atherosclerosis is of great significance in clinical practice 
for MAFLD patients.

PAD was commonly due to atherosclerosis and associated with a significant risk of cardiovascular disease. A national 
study estimated that the prevalence of PAD was 4.3% in the participants aged ≥40 years in the United States.26 However, 
most previous disease burden estimates for PAD have largely originated from studies of people who were older or 
combined with diabetes, which was likely to be higher than the prevalence in the general population. According to 
a small-scale cross-section study, the prevalence of PAD was 11.3% in the subjects ≥60 years in Beijing, China.27 In this 
study, we enrolled the participants aged ≥18 years under the health examination from the North and South area in China. 
And the prevalence of PAD was 2.5% in the cross-section study, which was lower than some previous epidemiological 
studies in the Chinese population.28,29 It may be explained by the population difference between the studies. Our 
population was based on the individuals with annual health examinations, which represents a younger population with 
better economic status compared to the general population.

Large studies reported that NAFLD was associated independently with atherosclerosis and cardiovascular disease.30,31 

For example, a previous cross-sectional study accessed the association between NAFLD and PAD in diabetes patients ≥40 
years, which showed that participants with NAFLD had a higher risk of PAD.14 However, with the MAFLD definition 
established, evidence for the association with PAD is still limited. Our study demonstrated that the MAFLD was a risk of 

Table 4 Sensitivity Test I for PAD in Cross-Section Study 
After Further Adjusting FIB-4

Group OR (95% CI) P value

Non-MAFLD 1 (reference) -

MAFLD 1.31 (1.20,1.43) <0.001

Categories by number of metabolic disorders in MAFLD

Non-MAFLD 1 (reference) -

MAFLD with one MD 1.07 (0.92,1.24) 0.386

MAFLD with two MD 1.32 (1.20,1.45) <0.001

MAFLD with three MD 1.66 (1.44,1.91) <0.001

Notes: The adjustment factors included age, sex, red blood cell, leukocyte 
count, hemoglobin, platelet count, eGFR and FIB-4. P values were calculated 
based on generalized linear mixed model. 
Abbreviations: OR, odds ratio; CI, confidence interval.
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both the presence and development of PAD in adults even after adjusting traditional risk factors for CVD.32 Previous studies 
have shown that insulin resistance (IR) and high-sensitive C-reactive protein (hs-CRP) were the risks of PAD.33 However, 
without IR scores and hs-CRP as the condition of MAFLD definition, we still found a significant association between 
MAFLD and PAD. However, a prospective study reported that NAFLD was not significantly associated with ABI.34 It is 
essential to assess the association between PAD, measured by repeated ABI, and MAFLD through conducting clinical trials 
or other analyses in participants with larger scale and variety ethnic. In addition, we further divided people with MAFLD to 
variety groups according to the variety of metabolic abnormalities in both the cross-section study and cohort study. The 
results all indicated that the people have the increased risk of PAD with a rising variety of metabolic abnormalities in 
MAFLD. This finding is consistent with previous findings in NAFLD.34

The etiology of PAD is multifactorial and several risk factors, including obesity, diabetes, high cholesterol level, and 
hypertension, are actively participated in the development of PAD.9 We further analyzed the association between 
MAFLD and PAD in individuals with or without these comorbidities. The association between MAFLD and PAD was 
non-significant in individuals with BMI <23, and more evident in those with BMI ≥23. This may be because people with 
a lower BMI had a lighter metabolic burden, and thus a longer time of follow-up may be needed to obtain a sufficient 
number of PAD events. In participants with diabetes or hypertension, the association between MAFLD and PAD was 
non-significant and less evident. Both diabetes and hypertension are strong risk factors for PAD. A meta-analysis 
demonstrated that the risk of PAD was increased with the severity of diabetes: for per 1% increase in hemoglobin 
level, the risk of PAD increased about 0.26 times.35 Hypertension has been reported as importantly related to the risk of 
PAD, especially in systolic blood pressure (SBP). A study reported that the participants with SBP (during 120–139 
mmHg) had a 1.6 folds risk of PAD, compared to the SBP <120 mmHg group.36 Thus, in the presence of diabetes and 
hypertension, the association between MAFLD and PAD may be weakened due to the existence of multiple confounding 
factors. For the participants with normal lipid levels, the positive effect between MAFLD and PAD was existent in the 
cross-section study, but not in the cohort study. It is possible that dyslipidemia is usually via the inflammation to further 
impact the PAD, and the association between PAD and each component of dyslipidemia was inconsistent.37 Therefore, it 
takes a longer time to develop atherosclerotic disease in the MAFLD patients with normal lipid levels.

The physiological mechanisms between MAFLD and PAD progression are not fully understood. NAFLD may 
increase the risk of subclinical atherosclerosis via common and separate mechanisms.38,39 Oxidative stress, IR and 
systematical inflammation are played a crucial pathophysiological role in PAD.40–42 A recent review about the patho-
physiology of PAD in DM reported that increased oxidative stress, inflammatory factors and dyslipidemia may indirectly 
or directly worsen PAD.43 In addition, the central pathogenesis of NAFLD is IR and increased oxidative stress, and IR. 
According to the two recent meaningful reviews, IR not only play the important role in the development of NAFLD but 
also the impact of NAFLD on the IR.44,45 Some mechanistic studies have reported that NAFLD may initiate and 
accelerate vascular injury through oxidative stress, low-grade inflammation, IR and lipid metabolism.46–48 Therefore, the 
MAFLD associated with PAD may be due to the oxidative stress, IR and systematic inflammation. Moreover, liver 
inflammation may directly contribute to the development of some extrahepatic diseases, such as CVD or DM.49 We 
further adjusted FIB-4 levels in the sensitive study. The results have shown that MAFLD was still associated with PAD.

Based on our finding, it seems that MD plays an important role for the MAFLD and PAD. A cohort study, based on 
the participants aged above 60 years old and with T2DM, reported that metabolic syndrome was closely associated with 
PAD.50 As well as, the NAFLD and metabolic syndrome share some common clinical and pathological features, with IR 
as the most relevant.45 According to the clinical trial, acarbose may be effective in the treatment of the process of non- 
alcoholic liver cirrhosis.51 Furthermore, a recent systematic review investigated the potential targets and emerging 
pharmacotherapeutics for NAFLD, which target several aspects of metabolic disruption, oxidative stress and 
inflammation.52 These drugs may have beneficial effects on PAD by alleviating MAFLD.

In this study, we enrolled large subjects from multicenter to conduct the study, increasing the generalizability of our 
findings. Moreover, we conduct cross-sectional and longitudinal analysis to examine the association between MAFLD and 
PAD, which allowed us to obtain robust and reliable results. Compared with the previous study, our study evaluated the 
effect of MAFLD on the risks of PAD, which fills a gap in PAD and provides evidence for early interventions of MAFLD 
patients to prevent clinical atherosclerosis. There were several limitations in this study. First, this study was conducted in 
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China, and our results may not be generalizable to other countries and populations. Second, the study subjects were based 
on health examinations in the city hospital but not random sampling and cannot represent the rural populations in China. 
Moreover, the variety of smoking and exercise with too much missing data to that the adjusted factors not included these in 
our study. And our study did not involve medication information. In addition, the specific device that measures the ABI is 
unable to determine the type due to the multicenter study. Third, due to limited measurement of insulin resistance and high- 
sensitive C-reactive protein in the health check-up, the diagnosis of MAFLD based on these two indicators was not 
sufficient. Finally, our study was designed as a cross-section study and prospective cohort study. It is necessary to conduct 
a long-term cohort study and clinical trials to explore whether treating MAFLD is beneficial to atherosclerosis in the future.

Conclusion
MAFLD was significantly associated with PAD, especially in participants combined with various metabolic abnormalities. 
Our study provides important evidence on the association between MAFLD and PAD and provided an important early 
intervention or treatment target of MAFLD for atherosclerosis cardiovascular disease.
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