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Diabetic foot ulcer (DFU) represents the most severe 

and costliest complication of diabetes mellitus, affecting 
approximately 6.3% of the global adult diabetic population 
[1]. The 5-year mortality rate among patients with DFU 
has been reported to be as high as 50% [2]. Historically, 
research pertaining to DFU has long been concentrated on 
localized aspects, including wound healing, infection 
control, and limb salvage procedures. Nevertheless, 
accumulating clinical evidence and mechanistic 
investigations in recent years have progressively 
elucidated that DFU is not an isolated "foot disease" but 
rather a typical manifestation of systemic metabolic-
inflammatory-immune decompensation localized to the 
lower extremity. The detrimental impact of DFU on patient 
health extends far beyond foot ulceration and 
amputation—the cardiovascular system, renal system, 

musculoskeletal system, and even psychological and 
cognitive functions are all subject to varying degrees of 
impairment. 

In 2024, Lan et al. [3] proposed a four-dimensional 
framework encompassing the "cardio-renal-metabolic-
foot" axis, systematically delineating the associations 
between DFU and cardiovascular disease (CVD), chronic 
kidney disease (CKD), and metabolic abnormalities. 
Compared with diabetic patients without DFU, those with 
DFU exhibit a more than 2-fold increased risk of 
cardiovascular mortality [4]; even among patients with 
neuropathic DFU in the absence of overt peripheral arterial 
disease, coronary atherosclerotic heart disease remains the 
most prevalent cause of death [5]. Furthermore, 40%–60% 
of patients with DFU are complicated by CKD [6]. DFU 
may share bidirectional pathophysiological linkages with 
cardiac and renal diseases, and DFU-related systemic 
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inflammation, infection, endothelial dysfunction, and 
oxidative stress may promote atherosclerosis, thrombosis, 
and myocardial dysfunction, thereby driving the initiation 
and progression of CVD [7-8]. However, the existing 
"cardio-renal-metabolic-foot" framework primarily 
concentrates on the cardiorenal system, with insufficient 
integration of the musculoskeletal system (sarcopenia, 
malnutrition), the nervous system (cognitive dysfunction), 
and the psychosocial dimension. 

This review, building upon the "cardio-renal-
metabolic-foot" framework, further incorporates the 
muscle-nutrition system and the psychological-cognitive 
system, and systematically elaborates on the 
epidemiological evidence, pathophysiological 
mechanisms, and corresponding clinical management 
strategies pertaining to each dimension. 

1 Cardio-Renal-Metabolic-Foot Dimension: 
From Localized Ulceration to Systemic 
Vascular Injury 

1.1 Cardiovascular Outcomes—DFU as an 
Independent Risk Factor for 
Cardiovascular Mortality 

A robust and strongly positive association exists 
between DFU and cardiovascular mortality. Multiple 
systematic reviews, meta-analyses, and large-scale cohort 
studies have consistently demonstrated that patients with 
DFU are at an increased risk of cardiovascular death 
compared with diabetic patients without DFU, with a 
pooled risk ratio of approximately 2.5 [9-10]; concurrently, 
among the mortality profile of the DFU population, CVD 
has long ranked as the predominant cause, accounting for 
approximately 50% of all deaths, and exceeding 60% 
among those who died within the recent one-year period 
[11]. Moreover, DFU serves as an independent predictor of 
cardiovascular mortality, and its elevated risk is not only 
reflected in conventional risk factors but may also be 
accompanied by subclinical cardiac impairment [12]. 

The pathophysiological linkages between DFU and 
cardiovascular mortality are multilevel in nature. Firstly, 
the persistent systemic inflammatory response elicited by 
localized DFU and secondary infections promotes plaque 
instability through endothelial dysfunction, oxidative 
stress, and a prothrombotic state, directly driving the 
development and progression of myocardial infarction, 
stroke, and heart failure [13]. Secondly, the substantial 
burden of systemic atherosclerosis commonly observed in 
the DFU population (particularly when complicated by 
peripheral arterial disease) renders the coronary arteries 
and lower-extremity arteries simultaneous target organs of 
systemic atherosclerosis, thereby significantly increasing 
the risk of cardiovascular events and mortality [14-15]. 
Finally, diabetes-related microvascular pathology and 
autonomic neuropathy not only contribute to the 
development and delayed healing of foot ulcers but also 
obscure typical anginal symptoms, leading to delayed 
recognition of silent coronary ischemia and myocardial 
infarction, ultimately increasing the probability of sudden 

death and cardiovascular mortality [16]. In view of the 
strong association between DFU and cardiovascular 
mortality, along with its high proportional contribution to 
overall mortality, DFU should be regarded as a "warning 
signal" indicative of underlying or pre-existing CVD, 
necessitating active screening and management of CVD 
and its associated risk factors. 

1.2 Renal Outcomes—Patients with End-Stage 
Kidney Disease Face the Risk of 
Amputation 

The prevalence of chronic kidney disease (CKD) 
among the DFU population is as high as 40%, and a 
bidirectional deteriorating relationship exists between the 
two conditions. For patients with kidney disease, those 
with end-stage kidney disease (ESKD) receiving 
hemodialysis carry the highest risk of developing DFU, 
with a lower extremity amputation risk approximately 10 
times that of the general diabetic population. Compared 
with individuals having an estimated glomerular filtration 
rate (eGFR) 60 mL·min ¹·1.73 m ², patients with CKD 
stage 4 exhibit a 4 fold higher incidence of DFU and a 
more than 7 fold elevated risk of amputation; even a mild 
reduction in renal function (eGFR 30–<60 mL·min ¹·1.73 
m ²) is associated with an increased risk of new onset DFU 
and amputation [17]. Furthermore, CKD aggravates the 
refractory nature of DFU, being correlated with decreased 
healing rates, increased ulcer recurrence, and elevated 
mortality risk [18]; conversely, DFU related recurrent 
infections, systemic inflammation, hospitalizations, and 
perioperative exposures (contrast agents, antibiotics, fluid 
fluctuations, etc.) may precipitate acute kidney injury and 
drive the progression of CKD [19]. 

Mineral and calcium phosphorus metabolic 
disturbances induced by CKD can lead to vascular 
calcification and a specific form of cutaneous 
calcification—calciphylaxis—giving rise to extremely 
challenging non healing wounds [20]. Additionally, 
retention of CKD related metabolites may exacerbate 
peripheral nerve injury; fluid retention, alterations in the 
renin angiotensin system, oxidative stress, and a 
prothrombotic state may worsen peripheral vascular 
disease and ischemic ulceration; protein loss and metabolic 
derangements may result in hypoalbuminemia, impairing 
wound healing and promoting edema and circulatory 
disturbance; immune dysregulation may increase the risk 
of wound infection and prolong the inflammatory response, 
thereby facilitating chronic ulcer formation and attenuating 
tissue repair capacity [21 22]. 

Patients with DFU complicated by CKD present with 
multiple systemic and local comorbidities. The 
identification and treatment of pre existing comorbidities 
such as anemia, hypoalbuminemia, immune dysfunction, 
and vascular calcification are of paramount importance for 
optimizing therapeutic outcomes in the management of the 
diabetic foot in the context of kidney disease. 

2 The Muscle Nutrition Dimension: A 
Neglected Determining Factor 
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2.1 Sarcopenia—From Local Foot Disease to 
Systemic Muscle Wasting 

Sarcopenia is a geriatric syndrome characterized by 
age related reductions in muscle mass, decreased muscle 
strength, and/or impaired physical performance. Sui et al. 
[23] proposed that sarcopenia and DFU share a 
bidirectional and mutually reinforcing relationship. 
Sarcopenia significantly increases the all cause mortality 
risk in patients with DFU and is associated with impaired 
ankle foot function, delayed ulcer healing, and an elevated 
risk of amputation. Sarcopenia serves as an independent 
risk factor for all cause mortality in DFU patients; those 
with sarcopenia exhibit lower cumulative survival rates at 
1, 3, and 5 years compared with those without sarcopenia 
[24]. Within the DFU population, sarcopenia is correlated 
with decreased ankle foot function scores [25], as well as 
with higher ulcer incidence, higher Wagner grades, and 
increased amputation rates [26]. DFU is significantly 
associated with sarcopenia related phenotypes (grip 
strength, difficulties in walking/standing up/climbing 
stairs, falls, lean body mass, etc.), and may accelerate the 
onset of sarcopenia beyond that induced by diabetes alone 
[27]. 

DFU related vascular and neuropathic pathologies, 
ulcer infection, and chronic inflammation may promote 
muscle atrophy and strength decline through pathways 
involving hypoxia, microcirculatory disturbance, loss of 
neurotrophic support, and inflammation/oxidative stress; 
the pain, immobilization, and restricted mobility caused by 
DFU inevitably contribute to disuse muscle atrophy 
[23,28]. On the other hand, sarcopenia increases 
susceptibility to foot ulceration and infection by affecting 
gait stability and pressure distribution; it may also delay 
wound healing and exacerbate DFU progression by 
reducing tissue perfusion and metabolic capacity. Shared 
factors such as systemic inflammation, insulin resistance, 
and nutritional deficiencies (e.g., inadequate protein intake) 
further intensify both conditions, forming a vicious 
"DFU sarcopenia" cycle [29 30]. 

Consequently, routine assessment tools for 
sarcopenia should be integrated into the clinical evaluation 
process for DFU patients. Proactive management, early 
detection, risk stratification, and timely intervention for 
sarcopenia are warranted. For DFU patients, resistance 
training, protein supplementation, and targeted therapeutic 
strategies may be employed to improve muscle function, 
reduce plantar pressure, and promote ulcer healing. 

2.2 Malnutrition and Micronutrient Deficiencies 
— The Material Basis Predicament for 
Healing 

Malnutrition and multiple micronutrient deficiencies, 
including zinc, magnesium, selenium, vitamin D, vitamin 
C, and vitamin A, are highly prevalent among DFU 
patients [31 33]. Deficiencies in protein and 
micronutrients can impair immune cell chemotaxis, 
phagocytic bactericidal activity, and antibody responses, 
thereby rendering infections more likely to occur and 

persist; they may also directly interfere with collagen 
cross linking stability, fibroblast proliferation, and 
keratinocyte regeneration, causing wounds to remain 
arrested in the inflammatory phase and prolonging healing 
time [34]. The Controlling Nutritional Status (CONUT) 
score is a tool for assessing individual nutritional status. 
DFU patients exhibit higher CONUT scores compared 
with healthy controls and diabetic patients without foot 
ulcers, and the CONUT score is an independent factor 
associated with DFU severity [35]. Albumin is a marker 
reflecting systemic nutritional status, serving to maintain 
endothelial function, improve microcirculation, and 
attenuate inflammatory and oxidative damage; 
hypoalbuminemia is an independent risk factor for delayed 
healing of foot ulcers in diabetic patients [36]. Some 
studies have indicated that supplementation with zinc, 
magnesium, vitamin D, and vitamin A may improve ulcer 
dimensions such as length and width [37 38]. However, 
prospective studies have shown no association between 
micronutrient deficiencies and wound healing, suggesting 
that clinical attention should be directed toward identifying 
"whether a deficiency exists" rather than implementing 
indiscriminate supplementation [33]. 

Therefore, it is recommended that nutritional status 
be incorporated into the routine assessment of DFU, with 
nutritional risk screening and micronutrient testing 
performed particularly when healing is stalled. On the 
basis of standard therapy, targeted correction of identified 
deficiencies should be undertaken, establishing an 
individualized pathway of "screening—correction of 
deficiencies—nutritional support." 

3 The Psychological-Cognitive Dimension: 
Wounds Beyond the Wound 

3.1 Psychological Distress — The Evidence Gap 
Amid High Prevalence 

The impact of psychological factors on DFU has long 
been marginalized in clinical practice; however, 
accumulating evidence in recent years has progressively 
underscored its importance. The prevalence of depression 
among patients with DFU is approximately 47%, and 
depression is associated with higher glycated hemoglobin 
(HbA1c) levels, a greater burden of comorbidities, and 
increased mortality; in a cohort study of patients with a 
first episode of DFU, a baseline diagnosis of depression 
was associated with a doubled risk of death at 5 years [39]. 
Nevertheless, whether depression directly affects DFU 
healing remains a subject of conflicting findings. A 
systematic review encompassing 11 studies revealed that 
approximately half of the studies suggested an association 
between depression and poor healing, whereas the other 
half did not detect a significant relationship, with overall 
evidence quality being limited [40]. Therefore, the 
relationship between psychological factors and wound 
healing may be more complex than previously assumed 
and should not be reduced to a linear causal model. The 
heterogeneity among existing studies in terms of 
definitions, measurement instruments, and follow-up 
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durations has substantially interfered with the consistency 
of results. Furthermore, patients with DFU commonly 
report anxiety, depression, and feelings of helplessness, the 
roots of which include deteriorating health, the long-term 
burden of disease management, fear of amputation, 
physical functional limitations, loss of independence, and 
a perceived sense of family burden [41]. 

The pathways through which psychological factors 
influence DFU outcomes include chronic stress activating 
the hypothalamic-pituitary-adrenal axis, leading to 
elevated cortisol levels, which in turn suppress the normal 
regulation of the inflammatory response and delay the 
healing process; simultaneously, depression and anxiety 
significantly reduce patient adherence to glycemic 
monitoring, foot care practices, offloading device usage, 
and medication regimens [42]. 

It is recommended that routine screening for 
depression and anxiety be incorporated into the assessment 
of DFU, with referral or integrated psychological support 
provided for high-risk individuals, and that high-quality, 
multicenter randomized controlled trials be conducted to 
validate these approaches. 

3.2 Cognitive Dysfunction — A Seriously 
Overlooked Research Gap 

Research on cognitive dysfunction in the field of 
DFU remains limited. Available evidence indicates that 
patients with active DFU require approximately twice the 
time to complete cognitive function assessments compared 
with diabetic patients without DFU, suggesting 
impairments in visuospatial/executive function and 
working memory; after adjustment for age, sex, diabetes 
duration, and educational level, prolonged completion time 
on cognitive assessment remained significantly associated 
with the risk of DFU occurrence [43]. Among DFU 
patients with comorbid cognitive dysfunction, 6 month 
healing rates are lower, healing time is prolonged, the 
proportion of major amputations is higher, and the rate of 
foot related hospitalizations is elevated [44]. 

Based on the currently limited body of research, 
patients with DFU generally exhibit multi domain 
cognitive impairment (particularly in executive function, 
memory, and reaction speed); cognitive dysfunction can 
significantly compromise complex foot care and 
self management abilities, forming a vicious cycle of 
"insufficient cognitive resources—reduced adherence—
worsening ulceration." 

Therefore, performing routine brief cognitive 
screening at initial diagnosis and during follow up of DFU 
to identify high risk individuals, and implementing 
"de escalated" educational and supportive measures (such 
as pictorial educational materials, family supervision, or 
remote reminders) for those with cognitive impairment, 
constitute important steps toward improving clinical 
outcomes in this population. This area may also represent 
the frontier with the greatest research value and 
interventional potential within the systemic framework of 
DFU. 

4 Clinical Integration and Future 
Perspectives 

In summary, DFU is not an isolated foot problem but 
rather a comprehensive manifestation of systemic 
decompensation. The siloed management approach 
confined to a single specialty is clearly insufficient. 
Multidisciplinary team (MDT) care for DFU spans 
multiple disciplines, including endocrinology, orthopedics, 
vascular surgery, podiatry, infectious diseases, nursing, 
and rehabilitation medicine, and its value is increasingly 
supported by robust evidence. A review published in JAMA 
summarizing 18 studies demonstrated that MDT care could 
reduce the risk of major amputation to approximately 40% 
of that observed with conventional care [45]. The 2025 
edition of the Practical guideline on the prevention and 
management of diabetic foot in China also explicitly 
emphasizes that comprehensive assessment of vital organs 
including the heart, kidneys, and brain, along with MDT, 
constitutes the cornerstone of DFU diagnosis and 
management [46]. 

Future research should prioritize the following 
directions: (1) clinical integration and validation of 
sarcopenia assessment tools in DFU patients; (2) 
high quality randomized controlled trials examining the 
effects of psychosocial interventions on DFU healing 
outcomes; (3) prospective cohort studies and systematic 
reviews investigating the association between DFU and 
cognitive dysfunction; and (4) multicenter real world 
studies incorporating the muscle, nutritional, and 
psychological dimensions into multi organ prognostic 
models for DFU. 

In conclusion, the management of diabetic foot 
necessitates a paradigm shift—from "treating the wound" 
to "managing the whole patient." The incorporation of the 
muscle nutrition and psychological cognitive dimensions 
renders the "heart kidney metabolism foot" framework 
more comprehensive. If clinical practice remains confined 
to wound care alone, the underlying multi system 
pathological states may be overlooked, which would be 
tantamount to perceiving only the tip of the iceberg above 
the water surface. 
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