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Mortality Related to Diabetic Foot Ulcer: A Comprehensive Review





Abstract:
Background: Diabetic Foot Ulcers (DFUs) are a significant and escalating concern in the diabetic population, leading to preventable morbidity, mortality, and reduced quality of life. The myriad of factors associated with DFUs and their outcomes necessitate a comprehensive understanding for improved clinical management and patient outcomes.
Aim: This systematic review aimed to collate, assess, and summarise the available literature on the mortality rates and associated factors in patients with DFUs, shedding light on potential areas for intervention, research, and clinical practice enhancements.
Methods: A systematic review adhering to PRISMA Statement 2020 guidelines was conducted, using databases such as PubMed, Embase, and Cochrane Library, up to October 25, 2023. Studies addressing patients with DFUs were analysed, focusing on mortality burden and associated factors. Inclusion criteria encompassed observational studies, highlighting therapies/other DFU management strategies in relation to mortality outcomes.
Results: Of 781 studies identified, a total of 11 studies were included, pooling in 117,575 participants. Among these studies on DFUs, one reported a 67% healing rate at 12 months, with another underlining Peripheral Arterial Disease (PAD) and cardiovascular diseases on ulcer-free survival. Key associations included adverse outcomes with limb ischemia, ulcer duration, and the predictive abilities of University of Texas (UT) and Site, Ischemia, Neuropathy, Bacterial Infection, and Depth (SINBAD) scores. Trends highlighted the role of a multidisciplinary approach and the presence of limb ischemia and PAD in in-hospital complications. The Wound, Ischemia, and foot Infection (WIfI) stage emerged as a potential prognostic tool, handgrip strength's significance was observed in two studies, and the impact of multidrug-resistant organisms on DFU outcomes was highlighted.
Conclusion: DFUs pose a considerable threat to the health and well-being of diabetic patients, with a pronounced impact on mortality rates. This review highlights the importance of multidisciplinary care, early detection, and addressing associated comorbidities. The data suggest an urgent need for enhanced care strategies, proactive approaches, and patient-centric interventions to manage DFUs efficiently and reduce associated mortalities.
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Introduction
Diabetes mellitus, a chronic metabolic disorder, has manifested as a significant global health concern, with the World Health Organisation estimating that nearly half a billion individuals are afflicted worldwide (1–3). One of the most debilitating complications of diabetes is the development of diabetic foot ulcers (DFUs) (4–6) (Chen et al., 2023). An estimated 19% to 34% of the diabetic population might experience a DFU during their lifetime (7). With an annual global impact touching nearly 18.6 million individuals, DFUs pose not only a threat to the quality of life but also signify a looming risk of morbidity and mortality (8). Diabetes mellitus increases the risk of cardiovascular disease and all-cause mortality. There is clear evidence that diabetic foot ulceration, a common problem in long-standing diabetes, increases the risk of death further still (Saluja et al., 2020).
Over the course of their lives, it is estimated that between 19% to 34% of individuals with diabetes may encounter a diabetic foot ulcer (9). On a global scale, approximately 18.6 million individuals are affected by diabetic foot ulcers annually (10). A striking statistic is that up to 70% of those diagnosed with a DFU may see a recurrence within a half-decade (11). Notably, foot ulcers serve as the precursor to a vast majority of amputations linked with diabetes, with a staggering 85% of diabetic amputations being initiated by a foot ulcer occurrence (9,11). A sobering aspect of this health challenge is the associated mortality; within a span of five years post-diagnosis, the death rate for patients with DFU lies in the range of 50% to 70% (12,13). It develops as a result of diabetic sensory, motor, and autonomic neuropathy. Sensory neuropathy leads to loss of protective sensation; motor neuropathy causes foot deformity and biomechanical abnormalities, while autonomic neuropathy leads to viscoelastic changes in the skin, such as skin dryness (Armstrong et al., 2023).
Recurrent manifestations of DFUs are alarmingly high, with approximately 70% of patients facing a recurrence within a span of five years post-initial diagnosis (14). This complication serves as a precursor to numerous subsequent health challenges, notably amputations. Over 80% of amputations associated with diabetes are preceded by a DFU, thereby solidifying its status as a significant health determinant (15).
However, the gravest concern surrounding DFUs is their association with mortality. Existing literature indicates a disconcerting five-year mortality rate lying between 50% and 70% for those diagnosed with a DFU (16,17). Patients with diabetic foot ulcers, for the most part, require lower limb amputation (Shah et al., 2021). Given the profound implications on patient outcomes, it is imperative to provide a comprehensive review of the existing body of evidence pertaining to the mortality burden of DFUs. This systematic review aims to collate, assess, and summarise the available literature on the mortality rates and associated factors in patients with DFUs, shedding light on potential areas for intervention, research, and clinical practice enhancements.
Methods
This systematic review was conducted adhering to the PRISMA Statement 2020 guidelines (18).
Eligibility Criteria 
· Participants: Studies focused on patients diagnosed with Diabetic Foot Ulcers (DFUs). 
· Intervention: Studies evaluating various management techniques, treatments, or therapies devised for DFU care, encompassing both pharmaceutical and non-pharmaceutical interventions.
· Study Design: Inclusion criteria considered observational studies only. 
· Outcome Measures: Studies detailing effectiveness, safety, patient outcomes, healing rates, and other relevant parameters concerning the care and management of DFUs. The most imperative component was the mortality rate.
Information Sources 
A meticulous electronic database search was executed, covering PubMed, Embase, and Cochrane Library. To ensure a thorough collection, manual search methods of relevant journals and conferences were initiated. While the search was exhaustive without any linguistic or chronological limitations, only human-based studies were taken into account.
Search Strategy 
The strategy was centred on critical terms associated with DFU management, encompassing "Diabetic Foot Ulcer", "treatment", "management", "intervention", "therapy", "chronic wound", "diabetes complications", "primary care", and "specialised care". To ensure a complete search, both Medical Subject Headings (MeSH) and free-text terminologies were utilised. The search was active until October 25, 2023.
Study Selection 
Initially, two independent reviewers assessed the titles and abstracts of the discovered studies. Following this, the entire content of the potential articles was gauged against the stipulated eligibility criteria. Studies that concentrated on patients with DFUs, assessed various care techniques, and followed observational methodologies were included. Studies not meeting these criteria were judiciously ruled out.
Data Extraction and Synthesis 
A narrative synthesis method was preferred. Data from the chosen studies were examined to discern the intricacies and the collective effectiveness of distinct DFU care strategies. The outcomes of each study were described, coupled with a rigorous analysis of the strengths and pitfalls inherent in each. Data were methodically structured into tables that recorded: “author, year, title, country/region, study design, sample size, population characteristics, key findings, notes/comments” Essential insights extracted from the various investigations were amalgamated, with an emphasis on recommendations for clinical procedures and possible trajectories for impending research.
Results
Of the 781 studies identified from databases, 59 duplicates were removed before the screening. Thereby, a total of 722 studies were screened for titles and abstracts, of which 540 were removed due to the lack of relevance. Ultimately, a total of 182 studies were assessed using full-texts, of which 11 met the inclusion criteria (Figure 1).
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Figure 1. PRISMA Flowchart Depicting the Study Selection Process
A total of eleven studies were included with 117,575 participants. They were observational in nature and conducted worldwide in countries including Australia, Italy, Nigeria, Spain, Taiwan, the Netherlands, Turkey, and the United Kingdom. The characteristics are listed in Table 1.



Table 1. Characteristics of the Included Studies
	Author, Year
	Title
	Country/Region
	Study Design
	Sample Size
	Population Characteristics
	Key Findings
	Notes/Comments

	Akturk, 2019 (19)
	Ulcer-free survival days and ulcer healing in patients with diabetic foot ulcers: A prospective cohort study 
	The Netherlands
	Prospective Cohort
	158
	Referrals to the diabetic foot expertise centre
	67% healing rate at 12 months, 31% recurrence rate. Median ulcer-free survival days: 233 (healed group), 131 (overall). Ulcer-free survival related to PAD and cardiovascular disease
	22 patients died (14%); 7 (4%) died after their ulcer had healed and 15 (9%) died with an unhealed ulcer

	Ndosi, 2018 (20)
	Prognosis of the infected diabetic foot ulcer: a 12-month prospective observational study 
	United Kingdom
	Multicentre, Prospective, Observational
	299
	People with clinically infected diabetic foot ulcers
	15.1% mortality rate. 45.5% ulcer healed, 9.6% recurrence. 17.4% amputation, 6% revascularisation. Adverse outcomes associated with limb ischemia, ulcer duration, and multiple ulcers
	Mortality: 45/299 (15.1%)

	Meloni, 2023 (21)
	A multidisciplinary team reduces in-hospital clinical complications and mortality in patients with diabetic foot ulcers 
	Italy
	Retrospective Observational
	350
	Hospitalised patients with diabetic foot problems
	8.6% in-hospital complications. Higher major amputation and mortality rates in those with complications. IHD and wound duration (>1 month) were predictors of in-hospital complications
	Mortality: 59/350 (16.9%) based on in-hospital complications, leading to a mortality rate of 16.7%

	Lin, 2021 (22)
	Survival of Patients Following First Diagnosis of Diabetic Foot Complications: A Nationwide 15-Year Longitudinal Analysis 
	Taiwan
	Retrospective Analysis
	103,396
	Type 2 diabetes patients with diabetic foot complications (FDDFC)
	5-year survival rate: 81.05%. Cardiovascular comorbidity and LEA status are associated with survival outcomes. PAD related to LEA at FDDFC
	Survival: 26.22% (N=11,810)

	Enweluzo, 2021 (23)
	Predictors of Lower Extremity Amputations in Patients with Diabetic Foot Ulcers and Management Outcome 
	Nigeria
	Observational Prospective
	539
	Patients with diabetic foot ulcers at Lagos hospitals
	Male sex, ABI <0.9 are related to higher amputation risk. 26.7% amputation rate (48 minor, 96 major). 11.8% mortality rate. Patients with diabetes complications had a higher amputation risk
	Mortality: 64/539 (11.8%) 

	Adeleye, 2020 (24)
	Predictors of intra-hospital mortality in patients with diabetic foot ulcers in Nigeria: data from the MEDFUN study 
	Nigeria
	Observational
	323
	Type 2 DM patients hospitalised for DFU in Nigeria
	High intra-hospital mortality in patients with DFU; most deaths in those with advanced ulcers, bacteremia, cardiac failure, and renal impairment. Variables significantly associated with mortality: DM duration, ulcer duration, severity, PAD, proteinuria, bacteremia, low HDL, shock, cardiac failure, and renal impairment
	Mortality: 69/323 (21.4%)

	Leese, 2021 (25)
	Independent Observational Analysis of Ulcer Outcomes for SINBAD and University of Texas Ulcer Scoring Systems 
	United Kingdom
	Observational
	1,068
	Patients attending an outpatient diabetes foot clinic with active ulcers not healed within 4 weeks
	UT and SINBAD had similar prognostic ability for predicting foot ulcer outcomes. A unified numerical score for UT was proposed and validated
	Mortality: 174 (10.6%) 

	Pena, 2021 (26)
	Factors Associated With Key Outcomes in Diabetes Related Foot Disease: A Prospective Observational Study 
	Australia
	Prospective Observational
	153
	Diabetic patients with foot wounds in South Australia
	70% achieved complete wound healing. Significant associations were found between the WIfI stage and major amputation, mortality, amputation-free survival, and wound healing. Grip strength and previous amputations are also associated with time to healing
	Mortality: 16/153 (10.5%)

	Saltoglu, 2018 (27)
	Influence of multidrug-resistant organisms on the outcome of diabetic foot infection 
	Turkey
	Observational
	791
	Diabetic patients with foot infections from 19 centres
	Clinical outcomes are described for DFI patients with multidrug-resistant organisms. Re-hospitalisation in 8% of the patients. Predictors for fatality: dialysis, isolation of Klebsiella spp., and chronic heart failure. MR Staphylococcus most common in rehospitalised patients
	Mortality: 24/791 (3%)

	López-Valverde, 2023 (28)
	Handgrip Strength But Not Malnutrition According to Global Leadership Initiative on Malnutrition Criteria Is a Risk Factor for Mortality in Hospitalized Patients with Ischemic Diabetic Foot Ulcers 
	Spain
	Prospective Observational
	77
	Patients admitted for ischemic diabetic foot ulcers (IDFU)
	71.4% were malnourished. HGS < mean is associated with several nutritional parameters. Predictive variables of mortality: age >69 years and HGS < mean. Survival time in patients with HGS < mean was shorter. HGS is proposed as a cost-effective tool for nutritional evaluation
	Mortality percentage not specified.

	Heggie, 2020 (29)
	Complication rate among people with diabetes at low risk of foot ulceration in Fife, UK: an analysis of routinely collected data 
	United Kingdom
	Observational
	10,421
	People with diabetes attending foot screening in NHS Fife, UK
	At 2-year follow-up, 5% changed clinical risk status, and <1% experienced foot ulceration or amputation
	Mortality rate: 3.4%

	Abbreviations: ABI: Ankle-Brachial Index; DFU: Diabetic Foot Ulcer; DM: Diabetes Mellitus; DFI: Diabetic Foot Infection; FDDFC: First Diagnosis of Diabetic Foot Complications; HDL: High-Density Lipoprotein; HGS: Handgrip Strength; IHD: Ischemic Heart Disease; IDFU: Ischemic Diabetic Foot Ulcers; LEA: Lower Extremity Amputation; MR: Methicillin Resistant; NHS: National Health Service; PAD: Peripheral Arterial Disease; SINBAD: Site, Ischemia, Neuropathy, Bacterial Infection, and Depth (a classification system for diabetic foot ulcers); UT: University of Texas (Ulcer Scoring System); WIfI: Wound, Ischemia, and foot Infection (a classification system for chronic limb-threatening ischemia)



Akturk et al. (2019) conducted a prospective cohort study in the Netherlands, examining 158 diabetic patients referred to a foot expertise centre. The findings shed light on the healing trajectory of these patients: while 67% experienced ulcer healing within a year, a significant 31% encountered recurrence. This study unveiled a connection between cardiovascular diseases and PAD to the number of ulcer-free survival days. Moreover, with a mortality rate of 14%, it accentuated the potential severity of these ulcers and their complications.
In the United Kingdom, Ndosi et al. (2018) undertook a multicentre study that spanned a year, focusing on 299 individuals grappling with clinically infected diabetic foot ulcers (DFUs). A grim picture emerged: a mortality rate of 15.1% juxtaposed with only 45.5% of ulcers that fully healed. Beyond the alarming 17.4% amputation rate, limb ischemia, ulcer duration, and the presence of multiple ulcers were identified as prominent risk factors, further underlining the complexities in managing infected DFUs.
From Italy, Meloni et al. (2023) presented a retrospective observational study encompassing 350 hospitalised patients diagnosed with diabetic foot issues. Their research highlighted the role of a multidisciplinary team in curbing in-hospital clinical complications. The association of ischemic heart disease (IHD) and prolonged wound duration with these complications implies a multidimensional approach to patient care. Their findings also revealed a concerning 16.9% mortality rate linked to in-hospital complications.
Lin et al. (2021) from Taiwan conducted a retrospective study spanning 15 years and covering over 103,000 patients. Delving into Type 2 diabetes patients with foot complications, they found an encouraging 81.05% survival rate over five years. However, cardiovascular comorbidities and the status of lower extremity amputation (LEA) stood out as potential threats to survival.
In Nigeria, two pivotal studies surfaced. Enweluzo et al. (2021) closely observed 539 diabetic foot ulcer patients, unearthing male gender and a reduced ankle-brachial index as alarming predictors of amputation. Their findings also highlighted a significant 26.7% amputation rate. Meanwhile, Adeleye et al. (2020) evaluated 323 hospitalised Type 2 DM patients, revealing an elevated intra-hospital mortality rate, particularly prevalent among those with advanced ulcers and comorbid conditions like bacteremia and cardiac failure.
Leese et al. (2021) conducted an observational study in the UK to evaluate the prognostic capacities of the SINBAD and University of Texas Ulcer Scoring Systems in predicting foot ulcer outcomes. Among the 1,068 patients with active ulcers not healed within four weeks, the research found that both scoring systems exhibited similar predictive efficacies. The study further contributed by proposing and validating a unified numerical score for the University of Texas system, suggesting its potential utility in clinical settings for ulcer risk assessments.
Pena et al. (2021), in an Australian prospective observational study, evaluated wound healing outcomes among 153 diabetic patients with foot wounds. The study reported a wound healing rate of 70%. Significantly, the study also identified WIfI staging as a factor associated with major amputation, mortality, amputation-free survival, and wound healing rates. Moreover, grip strength and previous amputations were found to have implications for the time to healing, emphasising the multifactorial nature of determinants for wound healing in diabetic patients.
Saltoglu et al. (2018) investigated the impact of multidrug-resistant organisms on the clinical outcomes of 791 diabetic patients with foot infections across 19 centres in Turkey. The study highlighted that 8% of the patients faced rehospitalisation. Of note, determinants such as dialysis requirement, isolation of Klebsiella spp., and the presence of chronic heart failure were identified as significant predictors of fatality among these patients, highlighting the complexity of managing diabetic foot infections, especially in the context of antibiotic resistance.
López-Valverde et al. (2023) in Spain conducted a prospective observational study among 77 patients hospitalised for ischemic diabetic foot ulcers (IDFU). The study revealed a high prevalence of malnutrition (71.4%) in this cohort. Importantly, the study delineated the association between handgrip strength and mortality, noting that patients with handgrip strength values below the cohort's mean had a reduced survival time. This suggests the potential utility of handgrip strength as a prognostic tool in the clinical management of IDFU.
Heggie et al. (2020) undertook an extensive observational study in the UK, encompassing over 10,000 diabetic patients initially assessed as being at low risk of foot ulceration. The findings from the two-year follow-up indicated that 5% of these patients transitioned to a moderate risk category. Further, a subset experienced foot ulceration or amputation within this timeframe. These results emphasise the dynamic nature of diabetic foot risk assessments and the necessity for vigilant monitoring, even in populations initially classified as low-risk.
Discussion
This systematic review shares insights pertaining to the mortality burden and associated factors in patients with DFUs. A plethora of factors influence the outcomes in DFU patients, and different studies bring various nuances to the table. The studies encompassed in this review paint a complex picture of the DFU landscape, highlighting the importance of a myriad of factors influencing patient outcomes. From cardiovascular comorbidities and PAD to the role of handgrip strength and multidrug-resistant organisms, clinicians and researchers have multiple avenues to explore for improving DFU care.
The study from the Netherlands by Akturk reported a 67% healing rate at 12 months and a median ulcer-free survival of 233 days for the healed group. However, the recurrence rate was considerable, standing at 31%. The study also highlighted the association of ulcer-free survival with PAD and cardiovascular disease, highlighting the significance of managing these comorbidities for improving DFU outcomes. Similarly, Ndosi's study emphasised the association of adverse outcomes, notably mortality, with limb ischemia, ulcer duration, and the presence of multiple ulcers. In another UK-based study by Leese, UT and SINBAD ulcer scoring systems showcased similar prognostic abilities, potentially offering clinicians a choice of assessment tools.
Turning our attention to in-hospital complications, the Italian study by Meloni made an important observation. The study showed that a multidisciplinary approach significantly reduced clinical complications and mortality rates. The presence of IHD and prolonged wound duration emerged as predictors of these in-hospital complications.
Several studies also highlight the significance of factors such as limb ischemia and PAD in predicting outcomes. Lin's work in Taiwan and Adeleye's study in Nigeria both highlighted the role of cardiovascular comorbidities and PAD in influencing survival outcomes and mortality rates, respectively. The high intra-hospital mortality observed in Adeleye's Nigerian study was particularly alarming, especially when advanced ulcers, bacteremia, cardiac failure, and renal impairment were present. This suggests the dire need for early interventions and optimised care strategies, especially in settings with limited resources. From a different perspective, the Australian study by Pena found significant associations between the WIfI stage and multiple outcomes, including major amputation, mortality, and wound healing. This suggests the potential utility of the WIfI stage as a prognostic tool. 
The role of handgrip strength emerged in two studies. Pena's work and the Spanish study by López-Valverde both highlighted the association between grip strength and outcomes. Particularly, López-Valverde found that handgrip strength below the mean value was associated with a reduced survival time, positioning it as a potential, cost-effective tool for nutritional and prognostic evaluation. The Turkish study by Saltoglu pointed to the serious implications of multidrug-resistant organisms in DFU outcomes. Re-hospitalisation and mortality rates were notably influenced by the presence of these organisms, emphasising the importance of antimicrobial stewardship.
Current literature corroborates that DFUs significantly contribute to avoidable health complications in diabetic adults (30). Throughout their lives, 19% to 34% of individuals with diabetes are likely to experience a foot ulcer, a statistic that continues to escalate due to the longer life expectancy and increasing medical challenges faced by diabetic individuals. The aftermath of initial ulceration is concerning, with a recurrence probability of 65% within a span of 3–5 years, a cumulative 20% likelihood of undergoing a lower-extremity amputation, and a startling 50–70% mortality rate within 5 years (9).  
DFUs, as a frequent and severe consequence of diabetes, have a recognised progression involving sensory loss, reduced blood flow, and minor injuries (31). Both amputations and the mortality rates following DFUs are recognised as advanced-stage ramifications, and they are intrinsically tied to inadequate diabetes control (9). Despite initiatives to enhance the care standards for DFU patients, there hasn't been a consistent decline in amputation numbers. This reveals growing disparities, emphasising the necessity for a more equitable approach to diabetes care (9). A proactive strategy involving the early identification of DFUs, underpinned by multidisciplinary care aligned with guidelines, is paramount in mitigating the health challenges and discrepancies linked to DFUs (9).
Consolidating the insights from various studies, it becomes unequivocally clear that the management of DFUs extends beyond simply treating the ulcer. A holistic approach, which considers a gamut of factors - from cardiovascular health to the patient's nutritional status, from ulcer staging to microbiological challenges, is essential. While recent advancements in diabetes care have shown promise, DFU management necessitates a deeper understanding and an integrated, patient-centric approach. This multidimensional perspective not only aids in effective management but also in devising strategies for prevention, ultimately aiming to improve the quality of life of affected individuals.
Limitations
Several limitations are inherent to this review. Firstly, the studies included may inherently possess biases, given their design and methodologies, potentially impacting the synthesis of results. Secondly, there's a potential for publication bias, as studies with negative or non-significant findings might not have been published, thus excluding them from our review. Also, while an extensive search was conducted, there may be relevant studies that were inadvertently missed. The heterogeneity among the studies in terms of patient populations, interventions, and outcome measures might also pose challenges in drawing generalised conclusions.
Conclusion
Diabetic foot ulcers, as revealed by the number of studies analysed, represent a multidimensional challenge that transcends mere clinical intervention. The kaleidoscope of factors influencing outcomes - be it the presence of cardiovascular co-morbidities, limb ischemia, ulcer duration, or even handgrip strength - mandates a comprehensive approach to DFU care. While the alarming statistics emphasise the gravity of the situation, they also spotlight opportunities for proactive intervention and integrated care models. Embracing a patient-focused, multidisciplinary strategy, informed by rigorous research and tailored to individual patient needs, has the potential to not just manage but significantly reduce the burden of DFUs. The fight against DFUs, as reiterated by our findings, is not just about healing wounds but about safeguarding the futures of millions of individuals. Addressing these challenges is pivotal to reducing mortality rates and improving the overall quality of life for countless individuals affected by this complication.
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