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Aim: Metabolic dysfunction-related fatty liver disease (MAFLD) is closely related to metabolic disorders. However, the relationship 
between MAFLD and the prognosis in diabetic foot ulcers (DFUs) remains unclear. This study aimed to explore the association 
between MAFLD and the risk of major adverse cardiac and cerebral events (MACCEs) in patients with DFUs.
Methods: 889 inpatients with DFUs (PEDIS/TEXAS mild and above) were included in this study from 2013 to 2023. All participants 
were placed into non-MAFLD (n = 643) and MAFLD (n = 246) groups and followed up every 6 months for 10.9 years with a median 
of 63 months through in-person outpatient interviews and family fixed-line telephone visits. The association between MAFLD and the 
risk of MACCEs was evaluated through Multivariate Cox regression analyses, Stratified analyses and Kaplan-Meier survival analyses.
Results: Of the 889 subjects, 214 (24.07%) experienced MACCEs. Multivariate Cox regression analysis showed that MAFLD was 
independently associated with MACCEs (P < 0.001), of which with non-fatal myocardial infarction (P = 0.04), non-fatal stroke (P = 0.047), 
coronary artery revascularization (P = 0.002), heart failure (P = 0.029), and all-cause mortality (P = 0.021), respectively. The stratified 
analysis revealed that compared with non-MAFLD (HR=1), DFUs with MAFLD had a 2.64-fold increased risk for MACCEs (P <0.001; 
P for interaction = 0.001) in peripheral arterial disease (PAD) subgroup. Kaplan-Meier analysis evidenced that the MAFLD group had 
a higher cumulative incidence of MACCEs (log-rank, all P < 0.05).
Conclusion: MAFLD is a high-risk factor for MACCEs in patients with DFUs. The findings will remind clinicians to pay more 
attention to MAFLD in patients with DFUs, especially in patients with DFUs combined with PAD as early as possible in clinical 
practice and adopt timely effective intervention strategies to prevent the occurrence of MACCEs to improve the clinical prognosis in 
patients with DFUs.
Keywords: diabetic foot ulcers, peripheral arterial disease, metabolic dysfunction-associated fatty liver disease, major adverse cardiac 
and cerebral events

Introduction
At present, China has the highest incidence rate of diabetes in the world, with a prevalence rate of 12.4%, of which about 
30% will eventually suffer from diabetes foot ulcers (DFUs).1 DFUs refer to a foot ulcer, infection, or profound tissue 
destruction caused by peripheral arterial disease (PAD), lower extremity arterial ischemia, peripheral neuropathy, and 
deep tissue infection.2 DFUs are characterized by high morbidity, disability, and mortality caused by severe infection, 
pulmonary embolism, myocardial infarction, cerebral infarction, heart failure, and surgical amputation.3 The recurrence 
rates of DFUs are 40% within a year, 60% within three years, and 65% within five years worldwide.4 Patients with DFUs 
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have a 2.5 times higher mortality risk than those without DFUs,5 and the 5-year mortality rate is nearly identical to 
malignancy.6 DFUs with a prevalence rate of 8.1%, 31.6% recurrence rate, 5.1% amputation rate, and 14.4% mortality 
rate in China have seriously threatened public health and brought a huge economic burden to society.1

Approximately 25% of adults worldwide suffer from metabolic dysfunction-associated fatty liver disease (MAFLD), 
formerly known as non-alcoholic fatty liver disease (NAFLD), which has a significant negative impact on public health 
and economic development.7 Recently, an international expert group from 22 countries reached a consensus on naming 
NAFLD as MAFLD and the diagnostic criteria for MAFLD. The criteria are based on evidence of hepatic steatosis and 
one of the three conditions listed below: existing overweight or obesity, T2DM or metabolic dysregulation.7 With this 
newly revised classification, most DM can be categorized as MAFLD, indicating a strong association between diabetes 
and MAFLD.8,9 MAFLD, characterized by insulin resistance, obesity, and type 2 diabetes, may associated with 
a dysbiosis of the gut microbiota, in which toxic chemicals, including LPS from Gram-negative bacteria, can enter the 
liver through the portal vein due to the increased permeability of the intestinal barrier, also referred to as “leaky gut”, 
formation of insulin resistance in the liver.10 Even though obesity and MAFLD are commonly linked, there is growing 
evidence that not everyone who is overweight or obese goes on to develop fatty liver disease. However, a sizable fraction 
of MAFLD patients have normal weight, demonstrating the significance of metabolic health in the disease’s pathophy-
siology independent of body mass index.11 Multidisciplinary efforts to manage the complex condition can be enhanced 
by focusing more on managing concurrent metabolic disease in MAFLD patients.12 The change in the term and 
description of NAFLD to MAFLD is a noteworthy turning point that shows a great deal of concrete progress in the 
direction of a patient-centered, egalitarian, and inclusive approach to tackling the severe obstacles associated with this 
disease. A growing body of research has demonstrated the specific and larger settings that can significantly impact the 
diagnosis and course of treatment. The momentum behind this nomenclature change has also drawn extensive public 
attention to the distinctive burden of this hitherto unappreciated disease, especially adverse clinical outcomes in diabetes 
complications such as DFUS.13

Recent studies revealed that MAFLD patients had a higher risk of all-cause mortality, cardiovascular disease-related 
mortality, and cancer-associated mortality.14,15 Global epidemiological data show that the comorbidity incidence of 
T2DM in patients with MAFLD is 22.5%, while 43.6% are in the non-alcoholic steatohepatitis (NASH) stage.16 With an 
exceeding 15% prevalence incidence in the population, MAFLD has nearly doubled with the rapidly rising rate of obesity 
over the last ten years in China.17 Given the fragility of pancreatic islet function in the elderly, the impact of MAFLD on 
the elderly is far more significant than that of young individuals.18 Therefore, the management strategy for patients with 
T2DM should address the coexistence of MAFLD and T2DM to achieve ideal goals, especially in the elderly patients.18

To sum up, DFUs and MAFLD have increasingly become a massive threat to public health and quality of life. In light 
of this, exploring the association between MAFLD and MACCEs in patients with DFUs is particularly urgent. To date, 
no evidence-based literature has been published on the association between MAFLD and the risk of MACCEs in patients 
with DFUs. This study aimed to explore the relationship between MAFLD and the risk factors for MACCEs in patients 
with DFUs for the first time, which aided in stopping or delaying the occurrence of MACCEs to improve the clinical 
outcomes and quality of life in patients with DFUs.

Methods
Study Design and Subjects
The data of this study originated from the Foot Care Database of the Foot Disease Center of the People’s Hospital of 
Guangxi Zhuang Autonomous Region. The screening strategy for participants is listed in Figure 1. Finally, 889 inpatients 
with DFUs were enrolled in the current study. The average age of participants in this study was 63 years old, of which 
68.2% were male. The infection severity of DFUs was evaluated as PEDIS level 2 or above.19 The ischemia severity of 
DFUs was assessed as TEXAS 1C or above.20 None of the subjects had a history of amputation surgery. The inclusion 
criteria were as follows: (1) aged over 18 years old; (2) T2DM diagnosed according to WHO criteria in 1999;21 and (3) 
DFUs diagnosed and classified based on IWGDF criteria in 2019.22 The exclusion criteria were as follows: (1) foot ulcers 
without T2DM; (2) malignant tumors; (3) rheumatoid arthritis, osteoporosis, thyroid dysfunction, vitamin D deficiency, 
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hypoproteinemia, and malnutritional anemia; (4) specific drug treatment: glucocorticoids, immunosuppressants, or 
immunomodulators; (5) hemodialysis therapeutic regimes; (6) missing liver ultrasound data for identifying MAFLD; 
and (7) missing complete hospitalization data, loss to follow-up or follow-up time of less than 1 year. Additionally, it 
should be illustrated that surgical amputation in DFUs is an extreme situation that is affected by many factors, such as 
infection, nutritional status, Wound debridement technology, etc. To eliminate the influence of confounding factors, this 
study did not include patients who have undergone surgical amputation.

All participants receiving standardized anti-hyperglycemia, anti-hyperlipidemia, anti-hyperuricemia, anti-hypertension, 
and anticoagulant therapeutic schedules according to the requirements of the Chinese Diabetes Guidelines, were divided into 
two groups: non-MAFLD (n = 643, 72.33%) and MAFLD (n = 246, 27.67%). All subjects were followed up every 6 months 
for 10.9 years with a median of 63 months through in-person outpatient interviews or family fixed-line telephone visits by 
trained professional medical staff. All participants agreed to participate in the study and signed written informed consent. The 
principles of the Declaration of Helsinki were followed. All experiments were performed with approval from the Ethics 
Committee of the Guangxi Academy of Medical Sciences and Guangxi People’s Hospital.

Related Definitions
MAFLD was diagnosed following the international expert consensus statement mentioned above,7 based on the 
combined evidence of fatty liver identified through ultrasound imaging in patients with T2DM. The other relevant 
definitions in this study were as follows: (1) MACCEs referred to non-fatal myocardial infarction, coronary artery 
revascularization, heart failure, non-fatal stroke, and all-cause mortality. Coronary artery revascularization was defined as 

Figure 1 Flow chart for selecting patients with DFUs.
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blood flow recovery through percutaneous intervention or coronary-artery-bypass-grafting (CABG) of the target vessels. 
Non-fatal stroke, consisting of ischemic and hemorrhagic stroke, was defined as a neurological dysfunction caused by 
sudden cerebral vascular rupture or occlusion, according to computed tomography or magnetic resonance imaging. (2) 
DFUs were defined as infection and ischemic ulcers on the lower extremity below the ankle. (3) PEDIS (Perfusion, 
Extent, Depth, Infection, and Sensation) infection classification standards of DFUs include grade 1-uninfected; grade 
2-mild infection (with at least two symptoms: suppuration, erythema, pain, warmth, or sclerosis; cellulitis ≤ 2cm around 
the ulcer; mild skin infection; no other complications); grade-3: moderate infection (if there are symptoms described as 
mild infection and at least one cellulitis > 2 cm, with deep tissue abscess formation, gangrene, and some life-threatening 
symptoms; involving muscles, tendons, joints, or bones); grade-4: severe infection (infection accompanied by systemic 
toxicity or metabolic instability; fever, chills, tachycardia, hypotension, unclear consciousness, vomiting, severe hyper-
glycemia, acidosis, or azotemia).22 (4) TEXAS ischemic classification standards of DFUs include Grade 0A: unruptured 
epidermis, 0B: infection, 0C: ischemia, 0D: infection and ischemia; Grade 1A: skin damage only, 1B: infection, 1C: 
ischemia, 1D: infection and ischemia. Grade 2A: damage involving tendons, 2B: infection, 2C: ischemia, 2D: infection 
and ischemia; Grade 3A: damage involving bones, 3B: infection, 3C: ischemia, 3D: infection and ischemia.22 (5) 
Peripheral arterial disease (PAD) was defined as an ankle-brachial index (ABI) ≤ 0.9 with the presence of decreased 
pulsation of the dorsal pedal artery and intermittent claudication based on the recommendations of IWGDF in 2019.22

Data Collection
Demographic data, anthropometric data, laboratory biochemical index data, inpatient medical records information, and 
follow-up data were collected from the Foot Care Database of the Foot Disease Center of the People’s Hospital of 
Guangxi Zhuang Autonomous Region. Every participant in the study had accessible and traceable clinical data, including 
medical records and ongoing follow-up information. Data collection and analysis follow the principles of confidentiality. 
Data collection was approved by the Ethics Committee of the Guangxi Academy of Medical Sciences and the People’s 
Hospital of Guangxi Zhuang Autonomous Region.

Outcomes
The primary endpoint events of this study were MACCEs consisting of non-fatal myocardial infarction, coronary artery 
revascularization, heart failure, non-fatal stroke, and all-cause death. The trained professional medical staff gathered the 
endpoint events through in-person outpatient interviews and family fixed-line telephone visits. All individuals were 
continuously followed up every 6 months with a median of 63 months for 10.9 years. On September 30, 2023, the last 
follow-up data were gathered.

Statistical Analysis
Nonnormally distributed continuous variables are displayed as medians (interquartile ranges). The classification variables 
are represented as frequencies. The nonparametric Mann‒Whitney U-test was used to compare continuous variables with 
nonnormal intergroup distribution. The chi-square test was used for intergroup comparisons of categorical variables. Cox 
regression analysis evaluated the hazard ratios and 95% confidence intervals for the association between MAFLD and 
MACCEs in patients with DFUs. Three multivariate regression models were built and used to adjust for potential 
confounding factors of MACCEs gradually. Model I was adjusted for none. Model II was additionally adjusted for 
gender and age with Model I. Model III was further adjusted for hyperlipidemia, hypertension, PAD, CHD, CVD, DN, 
duration of diabetes, SBP, and TC with Model II. The stratified analysis results of the subgroup are presented in forest 
plots through GraphPad Prism 9.3 (GraphPad Software, San Diego, CA). Kaplan‒Meier survival curve analysis was used 
to calculate the cumulative incidence of MACCEs and differences between the two groups were assessed through the 
Log rank test. The study sample size and power analysis were calculated using PASS 11.0 (https://www.ncss.com/ 
download/pass/updates/pass11/) to ensure that the minimum cases met a high testing power of over 90%. Data analyses 
were performed using the SPSS 23.0 statistical software package (IBM Corp., Armonk, NY, USA). Statistical signifi-
cance was set at the P < 0.05 level.
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Results
Baseline Characteristics
A total of 889 patients with DFUs were included in this longitudinal cohort analysis. The baseline characteristics of the 
subjects are detailed in Table 1. All subjects were divided into two groups: non-MAFLD (n = 643, 72.33%) and MAFLD 
(n = 246, 27.67%). The average age of the study population was 63 years old, and 68.2% were males. SBP, DBP, Hb, TC, 
TG, LDL-c, Alb, ALT, Cr., and UA showed significant differences between the two groups (all P < 0.05). Gender, age, 
hypertension, CHD, CVD, PAD, DR, DPN, DN, smoking history, drinking history, diabetes course, WBC, HDL-c, AST, 
and HbA1c were not significantly different between the groups (all P > 0.05).

Table 1 Baseline Characteristics of the Subjects

Non-MAFLD (n= 643) MAFLD (n= 246) p-value

Gender, n (%) 0.282

Female 198 (30.8) 85 (34.6)
Male 445 (69.2) 161 (65.4)

Age, years 63 (53,72) 63 (56,72) 0.145

Hypertension, n (%) 0.134
No 292 (45.4) 98 (39.8)

Yes 351 (54.6) 148 (60.2)

CHD, n (%) 0.353
No 576 (89.6) 215 (87.4)

Yes 67 (10.4) 31 (12.6)

CVD, n (%) 0.406
No 562 (87.4) 220 (89.4)

Yes 81 (12.6) 26 (10.6)

PAD, n (%) 0.173
No 320 (49.8) 135 (54.9)

Yes 323 (50.2) 111 (45.1)

DR, n (%) 0.495
No 461 (71.7) 182 (74.0)

Yes 182 (28.3) 64 (26.0)

DPN, n (%) 0.735
No 186 (28.9) 74 (30.1)

Yes 457 (71.1) 172 (69.9)

DN, n (%) 0.218
No 376 (58.5) 155 (63.0)

Yes 267 (41.5) 91 (37.0)

Smoking, n (%) 0.789
No 470 (73.1) 182 (74.0)

Yes 173 (26.9) 64 (26.0)

Drinking, n (%) 0.434
No 532 (82.7) 198 (80.5)

Yes 111 (17.3) 48 (19.5)

Duration of diabetes, years 9 (4,13) 10 (4,13) 0.897
SBP, mmHg 139 (124,156) 143 (126,160) 0.039*

DBP, mmHg 72 (65,80) 76 (68,83.25) <0.001*

WBC, ×109/L 8.39 (6.64,11.3) 8.39 (7.035,10.44) 0.629
Hb, g/L 110 (93,125) 120 (108,135) <0.001*

TC, mmol/L 4.01 (3.24,4.85) 4.30 (3.52,5.13) <0.001*

TG, mmol/L 1.13 (0.88,1.58) 1.47 (1.1,1.95) <0.001*
HDL-C, mmol/L 0.94 (0.72,1.13) 0.94 (0.78,1.13) 0.352

(Continued)
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Cox Regression Analysis
The incidence rates of MACCEs (19.4% and 36.2%) including all-cause mortality (5.0% and 9.3%), non-fatal myocardial 
infarction (2.5% and 5.7%), coronary artery revascularization (3.0% and 8.5%), non-fatal stroke (10.6% and 17.1%), and 
heart failure (2.6% and 6.1%) are listed in detail in Figure 2 for the non-MAFLD and MAFLD groups. Then, variables 
with P <0.1 in univariate Cox regression analysis were included in multivariate Cox regression analysis (Table 2). Cox 
regression analysis showed that MAFLD was independently related to the incidence of MACCEs in patients with DFUs 
in Model I (unadjusted) (HR = 1.993, 95% CI = 1.518–2.615, P <0.001), Model II (Model I adjusted for gender and age) 
(HR=1.977, 95% CI = 1.506–2.596, P <0.001), and Model III (Model II adjusted for was further adjusted for 

Table 1 (Continued). 

Non-MAFLD (n= 643) MAFLD (n= 246) p-value

LDL-C, mmol/L 2.49 (1.94,3.1) 2.78 (2.21,3.47) <0.001*

ALB, g/L 33.2 (27.7,36.6) 35.3 (30.98,38.4) <0.001*
ALT, U/L 15 (10,22) 16 (12,22) 0.022*

AST, U/L 18 (14,25) 19 (15,23) 0.882

Cr, μmol/L 88 (66,119) 78.5 (63.75,106.75) 0.01*
UA, μmol/L 320 (224,397) 346.5 (262,415.5) 0.001*

HbA1c, % 9 (7,11.3) 8.7 (7.38,10.4) 0.172

Infection severity, n (%) 0.628
PEDIS 2 grade/mild 89 (13.8) 31 (12.6)

PEDIS 2 grade above/moderate and severe 554 (86.2) 215 (87.4)

Ischemia severity, n (%) 0.286
TEXAS 1C/mild 138 (21.5) 61 (24.8)

TEXAS 1C above/moderate and severe 505 (78.5) 185 (75.2)

Notes: median (inter-quartile range, IQR) for continuous variables. Percentage (%) for categorical variables. * P < 0.05. 
Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; CHD, coronary heart disease; CVD, cerebrovascular 
disease; PAD, peripheral arterial disease; DR, diabetic retinopathy; DPN, diabetic peripheral neuropathy; DN, diabetic nephropathy; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; WBC, leukocyte; Hb, hemoglobin; TC, total cholesterol; TG, triglycerides; HDL- 
C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ALB, serum albumin; ALT, alanine transaminase; AST, 
aspartate transaminase; Cr, creatinine; UA, uric acid; HbA1c, glycosylated hemoglobin; PEDIS, perfusion, extent, depth, infection, and 
sensation; TEXAS, University of Texas System.

Figure 2 The incidence of MACCEs in patients with DFUs between MAFLD and non-MAFLD groups. 
Notes: During the follow-up period with a median of 63 months for 10.9 years, the incidence rate of MACCEs, including non-fatal myocardial infarction, coronary artery 
revascularization, heart failure, non-fatal stroke, and all-cause mortality, was listed in detail between the MAFLD and non-MAFLD groups. 
Abbreviations: MACCEs, major adverse cardiac and cerebral events; MAFLD, metabolic dysfunction-associated fatty liver disease.
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hyperlipidemia, hypertension, PAD, CHD, CVD, DN, duration of diabetes, SBP, and TC) (HR = 1.94, 95% CI = 1.474– 
2.553, P < 0.001). Additionally, MAFLD is also an independent risk factor in the specific disease components of 
MACCEs such as all-cause mortality (Model I: HR = 1.856, 95% CI = 1.086–3.172, P = 0.024; Model II: HR = 1.822, 
95% CI = 1.066–3.116, P = 0.028; Model III: HR = 1.902, 95% CI = 1.103–3.279, P = 0.021), non-fatal myocardial 
infarction (Model I: HR = 2.215, 95% CI = 1.081–4.54, P = 0.03; Model II: HR = 2.165, 95% CI = 1.056–4.442, P = 
0.035; Model III: HR = 2.148, 95% CI = 1.036–4.452, P = 0.04), coronary artery revascularization (Model I: HR = 2.868, 
95% CI = 1.541–5.335, P = 0.001; Model II: HR = 2.846, 95% CI = 1.527–5.303, P = 0.001; Model III: HR = 2.73, 95% 
CI = 1.46–5.104, P = 0.002), non-fatal stroke (Model I: HR = 1.59, 95% CI = 1.082–2.336, P = 0.018; Model II: HR = 
1.564, 95% CI = 1.064–2.298, P = 0.023; Model III: HR = 1.487, 95% CI = 1.006–2.199, P = 0.047), and heart failure 
(Model I: HR = 2.223, 95% CI = 1.11–4.451, P = 0.024; Model II: HR = 2.196, 95% CI = 1.095–4.403, P = 0.027; 
Model III: HR = 2.197, 95% CI = 1.085–4.452, P = 0.029), respectively. The results of Cox regression analysis suggested 
that MAFLD was a high-risk factor for MACCEs in patients with DFUs.

Stratified Analysis in Subgroups
Stratified analysis by age, gender, LDL-c, SBP, CHD, PAD, and DN is shown in the forest plots (Figure 3). Except for the 
stratification factors themselves, each stratification was adjusted for all factors, including all independent variables in the Cox 
regression analysis. The stratified analysis revealed that in peripheral arterial disease (PAD) subgroup, MAFLD was a high-risk 
factor for MACCEs. Compared with non-MAFLD (HR=1), DFUs with MAFLD combined with PAD had a 2.64-fold increased 
risk for MACCEs (HR = 3.64, 95% CI = 2.358–5.62, P <0.001; P for interaction = 0.001). However, there were not relationship 
between MAFLD and age (HR = 2.094, 95% CI = 1.417–3.096, P < 0.001, P for interaction= 0.755), sex (HR = 2.249, 95% CI = 
1.61–3.141, P < 0.001, P for interaction= 0.128), LDL-C ≥ 2.6 mmol/L (HR =2.346, 95% CI = 1.62–3.398, P < 0.001, P for 
interaction=0.107), SBP ≥ 140 mmHg (HR =2.204, 95% CI = 1.541–3.154, P < 0.001, P for interaction=0.331), with CHD (HR = 

Table 2 Risk of MACCEs in Subjects with DFUs Between Two Groups Through Multivariate Cox Regression Analyses

HR, 95% CI and P -value

Model I Model II Model III

HR 95%Cl p-value HR 95%Cl p-value HR 95%Cl p-value

MACCEs
Non-MAFLD Ref - - Ref - - Ref - -

MAFLD 1.993 1.518–2.615 <0.001* 1.977 1.506–2.596 <0.001* 1.94 1.474–2.553 <0.001*
All-cause mortality

Non-MAFLD Ref - - Ref - - Ref - -

MAFLD 1.856 1.086–3.172 0.024* 1.822 1.066–3.116 0.028* 1.902 1.103–3.279 0.021*
Non-fatal myocardial infarction

Non-MAFLD Ref - - Ref - - Ref - -

MAFLD 2.215 1.081–4.54 0.03* 2.165 1.056–4.442 0.035* 2.148 1.036–4.452 0.04*
Revascularization

Non-MAFLD Ref - - Ref - - Ref - -

MAFLD 2.868 1.541–5.335 0.001* 2.846 1.527–5.303 0.001* 2.73 1.46–5.104 0.002*
Non-fatal stroke

Non-MAFLD Ref - - Ref - - Ref - -

MAFLD 1.59 1.082–2.336 0.018* 1.564 1.064–2.298 0.023* 1.487 1.006–2.199 0.047*
Heart failure

Non-MAFLD Ref - - Ref - - Ref - -

MAFLD 2.223 1.11–4.451 0.024* 2.196 1.095–4.403 0.027* 2.197 1.085–4.452 0.029*

Notes: Model I: adjusted for none. Model II: with Model I adjusted for gender, age. Model III was further adjusted for hyperlipidemia, hypertension, PAD, CHD, CVD, DN, 
duration of diabetes, SBP, and TC with Model II. * P < 0.05. 
Abbreviations: MACCEs, major adverse cardio-cerebral events; MAFLD, metabolic dysfunction-associated fatty liver disease; HR, hazard ratio; CI, confidence interval; 
DFUs, diabetic foot ulcers; PAD, peripheral arterial disease; CHD, coronary heart disease; CVD, cerebrovascular disease; DN, diabetic nephropathy; SBP, systolic blood 
pressure; TC, total cholesterol.
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2.969, 95% CI = 1.447–6.09, P = 0.003, P for interaction=0.241), without CHD (HR =1.84, 95% CI = 1.36–2.489, P < 0.001, P for 
interaction=0.241), with DN (HR = 2.019, 95% CI = 1.331–3.062, P = 0.001, P for interaction=0.884), without DN (HR = 1.983, 
95% CI = 1.371–2.868, P < 0.001, P for interaction=0.884), respectively. The results of stratified analysis confirmed that MAFLD 
was a high-risk factor for MACCEs in patients with DFUs combined with PAD.

Kaplan‒Meier Survival Curve Analysis
During the follow-up period, out of 889 patients with DFUs, 214 (24.07%) developed MACCEs. Kaplan‒Meier survival 
curve analysis showed that compared with the non-MAFLD group, the MAFLD group had a higher cumulative incidence 
of MACCEs (Figure 4), including all-cause mortality (A), non-fatal myocardial infarction (B), coronary artery revascu-
larization (C), non-fatal stroke (D), heart failure (E) in patients with DFUs (log-rank, all P < 0.05). The Kaplan‒Meier 
survival analysis results further revealed that MAFLD was a high-risk factor for MACCEs in patients with DFUs.

Discussion
MAFLD, formerly known as NAFLD, affects roughly a quarter of adults and approximately 50% of T2DM patients, 
which has put nearly all nations globally, whether developed or underdeveloped, under tremendous financial and health 
burdens.16,23–25 Since introducing the new definition highlighting metabolic dysfunction issues, MAFLD has quickly 
become a research hotspot.26 Theoretically, metabolic dysfunction should be related to the clinical prognosis in patients 
with DFUs. However, whether MAFLD is associated with MACCEs in patients with diabetic foot ulcers (DFUs) remains 

Figure 3 Subgroup stratified analysis for the association between MAFLD and MACCEs in the forest plots. 
Notes: Except for the stratification factors themselves, each stratification was adjusted for all factors, including all independent variables in the Cox regression analysis. *P < 0.05. 
Abbreviations: MAFLD, metabolic dysfunction-associated fatty liver disease; MACCEs, major adverse cardiac and cerebral events; HR, hazard ratio; CI, confidence interval; 
LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; CHD, coronary heart disease; PAD, peripheral arterial disease; DN, diabetic nephropathy.
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unclear. To our knowledge, this is the first study to evaluate the relationship between MAFLD and the primary adverse 
clinical outcomes in patients with DFUs.

This cohort study suggested that the prevalence of MAFLD in the study population was 27.67%, and MAFLD patients 
were more likely to exhibit hypertension, metabolic liver dysfunction, abnormal blood lipids, and a more significant impact on 
cardiovascular risk in patients with T2DM, which was consistent with previous research findings.27–32 In our study, Of the 889 
subjects, 214 experienced MACCEs. Multivariate Cox regression analysis, stratified analysis, and Kaplan-Meier survival 
analysis showed that MAFLD was independently associated with MACCEs consisting of non-fatal myocardial infarction, 
non-fatal stroke, coronary artery revascularization, heart failure, and all-cause mortality in patients with DFUs. The findings 
clearly show that MAFLD plays an essential role in the prognosis of patients with DFUs.

According to the latest definition, obesity, hypertension, and dyslipidemia all fall under the umbrella of MAFLD, 
particularly type 2 diabetes characterized by glycotoxicity and lipotoxicity.24,33 The primary pathogenesis of MAFLD is 
still hepatic insulin resistance.34 An international cohort of patients with NASH and Child-Pugh A cirrhosis confirmed by 
biopsy evidenced that MAFLD-related type 2 diabetes increased the risk of mortality and liver-related outcomes, including 
hepatocellular carcinoma (HCC), in which taking metformin, an insulin sensitizer, has a higher survival rate, lower rates of 
decompensation and HCC.35 MAFLD disrupts the natural equilibrium between energy intake and expenditure in the body, 
causing fat to accumulate in the liver and vascular walls and ultimately leading to fatty liver, liver insulin resistance, and 
atherosclerotic cardiovascular disease (ASCVD).36–42 When hepatic steatosis modifies hepatocytokine secretion, it creates 
a complementary reciprocal condition that affects fatty acid metabolism and insulin resistance in various tissues, including 
skeletal muscle, cardiovascular smooth muscle, adipose tissue, and the liver.43 Previous studies have shown that NAFLD is 
independently associated with chronic macrovascular and microvascular complications, especially with PAD in T2DM 

Figure 4 The cumulative incidence of MACCEs between MAFLD and non-MAFLD groups. 
Notes: Kaplan‒Meier analysis showed that compared with the non-MAFLD group, the MAFLD group had a higher cumulative incidence of MACCEs consisting of all-cause 
mortality (A), non-fatal myocardial infarction (B), coronary artery revascularization (C), and non-fatal stroke (D), and heart failure (E) in patients with DFUs (log-rank, p < 0.05). 
Abbreviations: MACCEs, major adverse cardiac and cerebral events; MAFLD, metabolic dysfunction-associated fatty liver disease.
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situations,44,45 and its mechanism may involve dyslipidemia, increased insulin resistance, modifications in hemostatic- 
fibrinolytic factors, elevated proinflammatory cytokines, and dysbiosis.39 Evidence suggests that DFUs are the inevitable 
outcome of the comprehensive combined effect of chronic macrovascular and microvascular complications in diabetic 
situations.46,47 Obviously, as the most typical complication of T2DM, DFUs characterized by macrovascular and micro-
vascular pathological changes are inevitably related to the core pathological mechanism of insulin resistance.48,49 Our prior 
research also supported the finding about the fundamental mechanism of insulin resistance in cardiovascular adverse events of 
DFUs.50 Given this, MAFLD causes several clinical adverse vascular outcomes in patients with DFUs through the mediation 
of insulin resistance. Additionally, establishing a patient-centered multidisciplinary management framework is essential due to 
the global prevalence of chronic diseases like MAFLD, type 2 diabetes mellitus, chronic kidney disease, hypertension, stroke, 
cardiovascular disease, osteoporosis, cancer, and cognitive impairment. Conducting clinical care for MAFLD and related 
clinical experimental research is especially critical.51

Through a longitudinal cohort study, this project conducted the first preliminary evaluation of the association between 
MAFLD and the risk of MACCEs in patients with DFUs. This provides crucial guidance information for clinical practice. 
However, there are still some limitations. First, despite tissue biopsy being the most accurate approach for identifying fatty liver, 
ultrasonography is the typical inspection method in our hospital clinical practices owing to its noninvasive nature. Second, the 
severity of liver steatosis was not considered. Third, given that metabolic anomalies are dynamic, ongoing follow-up is still 
required for our cohort investigations. Finally, our study is a single-center study, and the research conclusion still needs to be 
confirmed by a large sample size, multicenter, and prospective cohort study.

In conclusion, MAFLD is a high-risk factor for MACCEs in patients with DFUs. The findings will remind clinicians 
to pay more attention to MAFLD in patients with DFUs, especially in patients with DFUs combined with PAD as early as 
possible in routine clinical practice and adopt timely effective intervention strategies to prevent the occurrence of 
MACCEs to improve the clinical prognosis in patients with DFUs.
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