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ABSTRACT

Background: Diabetic foot ulceration (DFU) and lower limb complications are highly prevalent in people with end-stage
kidney disease (ESKD), particularly those receiving dialysis; however, the overall burden and outcomes remain incompletely
characterised. This systematic review with narrative synthesis aimed to summarise study characteristics and evidence on the
epidemiology of DFU in ESKD, including incidence, prevalence, wound healing outcomes, and associations with lower-
extremity amputation (LEA) and mortality.

Methods: MEDLINE (via PubMed), EMBASE and the Cochrane Database of Systematic Reviews were searched from inception
to 31 January 2026 for longitudinal and cross-sectional studies, including registry data, in adults with ESKD or on dialysis.
Outcomes included DFU epidemiology, wound healing, revascularisation, LEA and mortality.

Results: The review included 64 observational studies. In dialysis-dependent populations, DFU incidence is high and increases
with advancing renal impairment, often preceding dialysis initiation. Evidence on whether dialysis initiation itself increases DFU
risk is limited and heterogeneous, although observational cohorts suggest a temporal association with haemodialysis initiation,
particularly within the first 2 years. Data comparing haemodialysis and peritoneal dialysis are scarce. Wound healing outcomes
were variable, with earlier recurrence observed, although multidisciplinary care improved healing, largely driven by perfusion and
ulcer severity rather than renal function alone. Although based on observational and heterogeneous data, dialysis-dependent
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ESKD was frequently identified as an independent predictor of LEA after adjustment for confounders, with coexisting peripheral

arterial disease, a key determinant of adverse limb outcomes. Mortality risk appeared to compound following amputation, with

observational data suggesting high post-amputation mortality (approaching 50% at 2 years and 70% at 5 years), consistent with a
shift towards limb loss rather than increased DFU occurrence. Interpretation is limited by study heterogeneity, observational
design, limited long-term data on healing and recurrence, and inadequate stratification by dialysis modality.

Conclusions: Current evidence underscores substantial gaps in understanding the natural history and optimal management of
diabetic foot disease in dialysis-dependent ESKD. Future research should prioritise well-designed prospective studies to
delineate dialysis-specific risk pathways, incorporate robust stratification by dialysis modality, and evaluate interventions tar-
geting ischaemia and limb preservation. Standardisation of outcome reporting, particularly for healing durability and recur-
rence, will be essential to enable meaningful comparisons and guide the development of tailored multidisciplinary care models

for this high-risk population.

1 | Introduction

Diabetes-related foot ulceration (DFU) and chronic kidney dis-
ease (CKD) are major complications of diabetes, encompassing
both microvascular and macrovascular pathology, and are each
independently associated with a markedly increased risk of
cardiovascular disease (CVD), the leading cause of death in this
population [1-3]. Globally, among the more than half a billion
individuals living with diabetes, approximately 19%-34% will
develop DFU and up to 40% will develop CKD during their
lifetime, with diabetes remaining the principal driver of the
growing demand for haemodialysis (HD) and other forms of
renal replacement therapy [2, 4-6]. DFUs are a major cause of
morbidity and mortality [7] among people with diabetes,
frequently leading to infection, hospitalisation, lower-extremity
amputation (LEA), and premature death [8].

While biological drivers such as peripheral arterial disease
(PAD), peripheral neuropathy (DPN), and impaired wound
healing are well-established determinants of poor outcomes in
DFU, psychosocial factors-particularly depression -are increas-
ingly recognised as critical but under-appreciated contributors
to prognosis. Depression affects around one-third of individuals
at first DFU presentation and is independently associated with
markedly higher mortality [9], including a persistent two-to
three-fold excess risk of mortality [10, 11] over 5 years. It is
also linked to increased LEA and greater diabetes-related
distress [10], and may precede DFU development, with evi-
dence of a dose-response relationship between depressive
symptom severity and incident DFU [12, 13]. Depression is
likewise highly prevalent in HD populations and is associated
with impaired quality of life [14] and independently predicts
poorer survival [15]. Despite this overlap, outcomes in in-
dividuals with DFU, ESKD, and depression remain poorly
characterised [10, 11, 15], highlighting that depression may
amplify adverse outcomes in dialysis populations [14].

Impaired healing of DFU is driven by microcirculatory
dysfunction superimposed on an already high-risk vascular pro-
file. HD introduces repeated haemodynamic stresses that directly
reduce tissue oxygenation. Transcutaneous oxygen pressure
(TcPO,) studies [16] show that during HD, severe limb ischaemia
occurs in nearly half of patients and critical ischaemia in a sub-
stantial minority, often linked to intradialytic hypotension,
ultrafiltration-related volume shifts, and underlying PAD. Be-
cause hypotension occurs in up to half of dialysis sessions [17],

recurrent reductions in oxygen delivery are common and bio-
logically plausible contributors to impaired fibroblast activity,
reduced angiogenesis, and delayed inflammatory resolution [18].
PAD is highly prevalent in CKD and ESKD, where arterial
calcification, stiffness, and poor collateralisation limit compen-
satory perfusion, leaving tissues vulnerable to these dialysis-
related insults. Coexisting DPN, affecting most dialysis patients,
further increases risk through loss of protective sensation,
abnormal biomechanics, and repetitive pressure injury. Incon-
sistent foot surveillance within dialysis pathways may also delay
recognition and referral [19]. Together, these vascular [20],
neurological, and system-level factors create a persistently hypo-
perfused [21] wound environment that contributes to poor DFU
healing and high limb-loss rates [22]. Patient and public
involvement work has emphasised the need for therapies that are
both effective and feasible within dialysis care [23]. The aim of
this systematic review is to synthesise existing evidence from
studies quantifying the epidemiology and disease burden of DFU
in adults receiving HD, examine associations with LEA and
mortality, and identify patient populations at greatest risk.

2 | Methodology

2.1 | Search Strategy

A systematic literature search was conducted from database
inception to 31 January 2026 using MEDLINE (via PubMed),
EMBASE and the Cochrane Database of Systemic Reviews.
Searches were restricted to English-language publications. The
search strategy combined keywords and medical subject headings
(MeSH) related to DFU, DPN, PAD, CKD, ESKD, renal replace-
ment therapy, and HD. Full electronic database search strategies
are provided in Supporting Information S1: Appendix 1: Search
Strategies. The search strategy identified 3296 records (MEDLINE
87, EMBASE 3,130, Cochrane 79). After removal of 493 dupli-
cates, 2803 records remained. Following preliminary screening,
2556 records were excluded, leaving 247 articles for full-text re-
view. Of these, 183 were subsequently excluded—most com-
monly due to non-dialysis populations or absence of DFU-specific
outcomes—resulting in 64 studies included in the final synthesis.
The PRISMA flow diagram is shown in Figure 1. This review was
not prospectively registered. A formal review protocol was not
prepared; however, predefined inclusion and exclusion criteria, a
PICO framework, and a structured search strategy were devel-
oped and followed throughout the review. The full search strategy
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[ Identification of studies via databases and registers ]

FIGURE 1 | PRISMA flow diagram of study selection.

is available in Supporting Information S1: Appendix 1: Search
Strategy.

2.2 | Study Selection

Titles, abstracts, and full texts were screened against predefined
inclusion and exclusion criteria. Full-text screening and data
extraction were performed independently by two reviewers (JL
and DS), with study eligibility for each synthesis determined
through comparison of extracted data against predefined
criteria. Disagreements were resolved by discussion and, where
necessary, by consensus with a third reviewer (NN).

Eligible studies included observational designs (prospective and
retrospective cohort studies and cross-sectional analyses),
registry-based studies, and systematic reviews evaluating DFU
and/or LEA in adults with ESKD receiving dialysis. Conference
abstracts, unpublished studies, and non-peer-reviewed reports
were excluded.
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2.3 | Data Extraction and Quality Assessment

Data extracted from each study included study design, country
and clinical setting, population characteristics, dialysis modality,
proportion of participants with diabetes, study objectives, com-
parison groups, follow-up duration, and reported outcomes. Ef-
fect estimates (e.g., odd ratios, hazard ratios, risk ratios) and
variables adjusted for in multivariable analyses were also recor-
ded. Risk of bias was assessed using STROBE criteria, evaluating
participant selection, exposure and outcome definitions, statis-
tical methods, and adjustment for confounding. Detailed quality
assessment is presented in Supporting Information S3: Appendix
3 (STROBE checklist of included studies), with the scoring
framework provided in Table S1.

2.4 | Data Synthesis and Identification of
Evidence Gaps

Study identification and data extraction were conducted sys-
tematically. Given the predominantly observational nature of the
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included studies and substantial clinical and methodological TABLE 1 | Characteristics of included studies evaluating diabetic
heterogeneity—particularly in patient characteristics (age, dia- foot ulceration in dialysis-dependent ESKD.
betes and dialysis duration, baseline foot risk), outcome defini-

tions, and analytical approaches—quantitative synthesis was not General N %
appropriate. Definitions of DFU, lower extremity amputation, Experimental or observational
and follow-up duration varied considerably, and effect estimates Observational 64 100

were reported using different measures and adjustment models,
limiting comparability. Key exposures such as PAD, diabetic
peripheral neuropathy, CKD severity, and prior DFU were also Cohort study 55 85
inconsistently defined. Findings were synthesised narratively to Case series 1 1
describe patterns in DFU epidemiology, wound healing, LEA
and mortality in ESKD or dialysis populations.

Study design

Cross sectional 8 14

Clinical setting of intervention

o e Dialysi it 32 52
2.5 | Study Characteristics 1alysts unt
Outpatient setting (other than dialysis) 12 18
Across the 64 included studies, the mean STROBE score was National d . 6
16.9, indicating an overall moderate reporting quality. Most ational data registry 10
studies were of moderate quality (n = 46), with fewer classified Inpatient (hospital setting) (other than dialysis) 13 20
as high quality (n = 16) and only two as low quality (see Sup- Country
Portlng Informatlon S3: Appenfhx 3: STRQBE Checklist). All United States of America 13 20
included studies were observational, published between 1992 ] )
and 2026, and conducted across multiple geographic settings; United Kingdom 6 9
detailed study characteristics are presented in Table 1. Most Spain 5 8
were hospital- or specialist clinic-based, with follow-up ranging France 3 5
from weeks to > 10 years, commonly reporting 1- and 5-year
mortality. Sample sizes varied widely, from small single-centre Germany 305
cohorts to large registry datasets (> 100,000 patients) [24-28], Italy 6 9
with substantial variation in dialysis representation. Across Netherlands 2 3
studies (n = 559,800), 30.4% were on HD and 0.2% on PD, with Belei 1 1s
diabetes present in most cohorts. LEA (n = 41) and mortality elgtum )
(n = 35) were most frequently reported, while incidence, prev- Finland 1 15
alence, and healing outcomes were less commonly described. Czech Republic 1 15
Over half of the included studies (31/59; 52.5%) comprised co- .
. . L . Australia 4 6
horts in which dialysis patients represented less than 75% of the ]
study population, reflecting substantial heterogeneity in popu- China 2 3
lation composition. South Korea 5 8
Japan 5 8
3 | Results Taiwan 1 15
3.1 | Epidemiology of DFU Across CKD Singapore 1 15
Progression Kuwait 1 15
Up to 40% of individuals with diabetes are estimated to develop Qatar 1 1.5
gKD [.29]. Acr(?ss diverse study designs and healthcare. systems, Argentina 1 15
diabetic foot disease demonstrates a strong and consistent as- o
sociation with declining renal function [30, 31]. Epidemiological Nigeria 1 15
data show a graded increase in both the prevalence [32] and Iran 1 1.5
incidence of DFU from moderate CKD through to ESKD, with Libya 1 15
the highest burden observed in people receiving dialysis [33]. . . .
Large cohort and registry studies report that individuals with Multiple countries (European and North America) 35
diabetes and ESKD account for a disproportionately high share Duration of follow-up
of diabetic foot complications, including ulceration, amputation Less than 6 months 9 14
[34], and foot-related hos'pltahsatlon, compared with people 6 months to less than 1 year 12 19
with preserved renal function. DFU represents one of the most
severe and disabling complications of diabetes and is markedly 1 year to less than 2 years 22 34
over-represented in people with advanced CKD and ESKD [35]. 2 years to less than 5 years 9 14
5 years or more 12 19
Observational data demonstrate a graded relationship bet-
ween declining renal function and increasing podiatric risk. (Continues)
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TABLE 1 | (Continued)

General N %

Population

Proportion of dialysis versus non-dialysis
patients included in the study

< 75% 34 53

> 75% 30 47
Type of dialysis

Haemodialysis 28 44

Haemodialysis and peritoneal dialysis 10 16

ESKD or CKD5 26 40
Diabetes

Yes 64 100

No 0 o

Mean eGFR decreased across IWGDF risk stages, from 76.4 +
33.7 mL/min/1.73 m” in stage 0-48.2 & 30.1 mL/min/1.73 m* in
stage 2, with significant differences between stages (p < 0.02).
Consistent with this finding, the prevalence of higher podiatric
risk (IWGDF stage > 2) [36] increased significantly with wors-
ening renal function (p = 0.0001), highlighting advanced CKD as
a key determinant of diabetic foot disease burden [31].

3.2 | Incidence of DFU in ESKD on Dialysis
Population

Evidence on the incidence of DFU in dialysis populations re-
mains limited, but available studies consistently demonstrate a
substantial and early burden of disease [31, 33-35, 37-48], with
study characteristics and incidence data summarised in Table 2,
and the complete extracted study characteristics and outcome
dataset presented in Supporting Information S2: Appendix 2. In
a prospective cohort of 450 patients receiving dialysis (94% HD;
6% PD), with a high prevalence of diabetes (50%), PAD (34%),
and DPN (65%), the annual incidence of DFU was 18% [37].
The annual incidence rate was estimated at 122 per 1000
person-years [37], markedly higher than rates reported in
general diabetes populations [47]. Within the cohort study,
DFU occurred early, with a mean time to onset of 164 days,
highlighting rapid progression to complications in this high-
risk group [37].

The risk of DFU is already elevated prior to dialysis initiation
and remains high thereafter [42]. In one cohort, the incidence of
first DFU was similar before and after starting haemodialysis
(91.7 vs. 82.7 per 1000 patient-years), indicating that substantial
risk precedes renal replacement therapy [42]. When recurrent
events were included, cumulative incidence exceeded 200 per
1000 patient-years [42], with many patients experiencing mul-
tiple DFU episodes. Although the cumulative burden of ulcer-
ation was higher prior to dialysis, the incidence of first DFU
remained consistently high before and after initiation, indi-
cating that patients with advanced CKD and ESKD already carry
a persistently elevated risk of ulceration [42].

This gradient of risk is further supported by a large retrospective
study demonstrating a stepwise increase in DFU incidence

across CKD stages, rising from 12 per 1000 patient-years in CKD
stage 3-47 in stage 4-5 and 104 in dialysis patients [34]. After
adjustment, dialysis conferred a 7.6-fold higher risk of DFU than
CKD stage 3 [34]. Cross-sectional data from UK cohorts rein-
force this finding, showing a higher prevalence of active DFU in
HD versus non-HD CKD stage 4-5 patients (21% vs. 5%),
alongside a high burden of DPN (79%) and PAD (64%), with HD
identified as an independent risk factor [33].

Temporal analyses further highlight a critical period of vulner-
ability around dialysis initiation. In a UK self-controlled case-
series, 20.2% of patients developed DFU [38], with incidence
increasing more than three-fold in the first year of dialysis
(incidence ratio 3.35) and remaining over four-fold higher in
years two to five (incidence ratio 4.56) [38]. These findings
suggest sustained excess risk following transition to renal
replacement therapy [38].

Prevalence data from dialysis cohorts similarly demonstrate a
high and variable burden of DFU. Reported prevalence ranges
from 9.1% in HD cohorts [44] to 17%-23% in populations with
high vascular risk [40, 41], and up to 40.7% in cohorts enriched
for critical limb ischaemia [43]. Even where active DFU prev-
alence appears lower (e.g., 6% in mixed CKD stage V cohorts)
[45], a substantial proportion of patients (up to 49%) exhibit
broader foot pathology, indicating a large at-risk population
[31]. Across studies, high rates of neuropathy and PAD consis-
tently underpin this burden.

In contrast, the annual incidence of DFU in the general diabetes
population is typically 1.9%-4% [46-48], rising modestly in those
with neuropathy [8]. By comparison, dialysis populations
frequently demonstrate annual incidence rates approaching or
exceeding 10%-20% [37, 42], with cumulative rates surpassing
200 per 1000 person-years in some cohorts [42]. Although
population-level surveillance data in dialysis remain limited, the
consistency and magnitude of these findings, together with ev-
idence of temporal clustering around dialysis initiation [38],
support dialysis as a major independent modifier of DFU risk
[33] rather than simply a marker of longstanding diabetes.

3.3 | Prevalence of DFU in ESKD on Dialysis
Population

The prevalence of DFU in patients with ESKD receiving HD is
consistently higher than in non-dialysis diabetes populations.
Cohort studies consisting of patients with diabetes and ESKD on
HD demonstrate substantially elevated prevalence of DFU,
typically ranging from 9.1% [44] to 23%, including 9.1% in a
Spanish cohort [44], 17.4% in a diabetes-only HD population
[41], and 23% in a high vascular-risk cohort [40]. A UK cross-
sectional study of adults with diabetes and advanced CKD
(stages 4-5) attending tertiary diabetes, renal, and dialysis ser-
vices demonstrated a high burden of foot disease [33]. The point
prevalence of active DFU was 11%, with dialysis-treated patients
exhibiting a fivefold higher prevalence than non-dialysis pa-
tients with comparable renal impairment [33]. Dialysis was
associated with a higher prevalence of prior DFU, neuropathy
and PAD, indicating clustering of foot-specific risk factors in
advanced CKD populations [33].
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Supporting this, a large retrospective dialysis cohort reported
that 20.2% of patients with diabetes developed at least one DFU,
alongside a marked increase in ulcer incidence after dialysis
initiation [38]. Similar patterns have been reported interna-
tionally; in a tertiary Argentinian cohort of patients with dia-
betes receiving renal replacement therapy, over 40% had
diabetic foot disease, with active ulcers in 9.3% and pre-
ulcerative lesions in more than 60%, occurring alongside very
high rates of DPN (87%), PAD (82%), and prior LEA in nearly
one-third of patients [43].

In a UK audit of HD patients, 79% had foot pathology despite
DFU prevalence not being explicitly reported, with a high
prevalence of PAD (37%) and DPN, with almost half exhibiting
> 2 major risk factors [51] highlighting a substantial burden of
pre-ulcerative disease. Similarly, in a retrospective cohort of 252
HD patients, DFU prevalence was 17%, with PAD emerging as
the strongest independent predictor (adjusted OR 16.0) and
contributing to markedly worse outcomes, including higher
major amputation rates (26% vs. 1%) [40]. These findings are
consistent across international cohorts, where clustering of
PAD, DPN, and cardiovascular comorbidities underpins the
high DFU risk observed in ESKD in HD populations [44, 52].

This high prevalence is compounded by the chronic and
recurrent nature of DFU in advanced CKD and ESKD, with up
to 69%—-70% of patients experiencing recurrence over long-term
follow-up and approximately 25%-28% recurring within the first
year [53] and recurrence rates of ~70% by 10-15 years [53].
Renal replacement therapy was associated with a significantly
shorter time to recurrence (HR 3.71) [53], reflecting sustained
vulnerability in this population. In parallel, national audit data
demonstrate suboptimal healing, with only 43.4% of patients
alive and ulcer-free at 12 weeks, indicating that delayed healing
further contributes to prolonged disease course and high
recurrence rates [54].

3.4 | Impact of Dialysis Modality (Haemodialysis
vs. Peritoneal Dialysis)

UK audit data highlight important gaps in care delivery on dial-
ysis units, with only 77% of dialysis patients receiving annual foot
assessments, and limited representation of the PD populations
[55]. Available data suggest suboptimal glycaemic control, with
two-thirds receiving therapies associated with hypoglycaemia
and frequent hypoglycaemic episodes [55] in PD patients,
although DFU-specific outcomes remain under-reported.

Observational evidence indicates that DFU risk is established
prior to dialysis and persists following initiation of renal
replacement therapy [38]. The incidence of DFU may increase
after dialysis initiation in both HD and PD [38], with differing
temporal patterns: in HD, the incidence of DFU is highest in the
first year (incidence ratio 4.57), and declines over the subse-
quent 2-5 years, whereas in PD, a later peak is observed,
reaching an incidence ratio of 6.78 during years 2-5 [38].

In a cohort of 14,935 Medicare beneficiaries with diabetes and
ESKD on dialysis (HD 92.5%; PD 7.4%) who developed DFU,
outcomes were poor, with 1-year mortality of 44.8% and major
amputation rates of 28.3%, yet only 18.4% received podiatry care

in the preceding 3 months [26]. Direct comparisons between HD
and PD are limited; one cross-sectional study reported higher
diabetic foot disease prevalence in HD versus PD (49% vs. 26%),
with greater neuropathy, PAD, and prior amputation, although
risk-adjusted analyses are lacking [43]. Smaller cohorts (n = 466;
88% HD, 12% PD) similarly provide insufficient power for mo-
dality comparisons [33]. Cohort and population-based data
indicate that CKD and dialysis are major drivers of limb loss,
with PD associated with a > 2.5-fold increased risk of early
major amputation (HR 2.56) and CKD nearly tripling risk (HR
2.97) [56], although evidence suggesting higher amputation risk
in PD compared with HD is limited and derived from small,
heterogeneous cohorts, precluding firm conclusions.

3.5 | Risk Drivers of DFU in ESKD

Current evidence on DFU in ESKD is largely derived from HD
populations, with limited mechanistic data. Renal dysfunction is
consistently associated with increased DFU, LEA, and mortality,
with particularly poor outcomes following amputation. The
heightened risk in HD reflects the convergence of DPN, PAD, and
advanced metabolic disturbance. Renal-specific factors—
including proteinuria, lower limb oedema, chronic inflamma-
tion, and malnutrition [57, 58]—further impair tissue integrity
and wound healing, creating a hostile environment for wound
repair.

PAD is highly prevalent in CKD and ESKD and a key driver of
limb loss, characterised by diffuse distal disease with vascular
calcification and impaired collateral formation, complicating
both detection and revascularisation [59]. While PAD affects
approximately 4% of the general population [59], its prevalence
rises to 10%-34% in individuals with CKD and increases further
with declining renal function [31, 60]. Ischaemia resulting from
peripheral arterial occlusive disease is more prevalent and
typically characterised by diffuse multi-vessel involvement with
a predilection for infra-poplitaeal arteries [61, 62]. Neuropathy
is similarly ubiquitous, affecting most dialysis patients, and
contributes to sensory loss, altered biomechanics, and increased
plantar pressure [43, 63-65]. Together with frailty, foot defor-
mity, and delayed presentation [39, 40], these systemic and local
factors underpin the high burden of DFU and poor limb out-
comes in this population [66, 67].

3.6 | Poor Healing Despite Revascularisation

The impact of ESKD and dialysis on DFU healing appears
heterogeneous across the available literature, with healing and
recurrence outcomes summarised in Table 3. While some
studies report eventual long-term healing, recurrence and
adverse downstream outcomes remain consistently worse in this
population. In long-term European cohort data [53], healing
rates were approximately 25%-28% at 1 year, increasing to
68%-70% over 10-15 years; however, ESKD was associated with
significantly earlier ulcer recurrence (HR 3.71) [53], high-
lighting impaired durability of healing. In contrast, Tarricone
et al. [69] demonstrated no significant differences in healing
rates (63.0% vs. 58.1% vs. 58.1%), time to healing (106 vs. 155 vs.
116 days), re-infection, or amputation across eGFR strata, sug-
gesting a neutral effect of renal function on short-term wound
closure [69]; nevertheless, worsening CKD was associated with
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higher mortality and markedly increased rehospitalisation rates
(up to 48.4%) [69]. Data from European MDT foot services [80],
show overall favourable healing rates (67% at 12 months)
despite a dialysis prevalence of 13%, with healing strongly
influenced by perfusion and DFU burden rather than CKD
status alone. Temporal cohort comparisons [72] further suggest
that healing outcomes have improved over time despite
increasing ESRD prevalence [25], likely reflecting advances in
multidisciplinary care. Collectively, these findings indicate that
while ESKD may not consistently impair initial DFU wound
healing rates, it is associated with earlier recurrence [53],
greater healthcare utilisation, and worse survival [53], under-
scoring the importance of long-term risk rather than short-term
healing alone.

Patients with ESKD receiving HD demonstrate markedly poorer
outcomes following lower limb revascularisation [81, 82],
reflecting a distinct and more severe pattern of PAD [83, 84].
Dialysis populations demonstrate greater multivessel and below-
the-ankle disease, with distal involvement strongly predicting
revascularisation failure. Consequently, technical failure rates
are substantially higher in dialysis populations (43.9% vs. 15.3%,
p < 0.0001) 56, 84]. Overall outcomes of DFU in ESKD with HD
remain poor, despite distal arterial revascularisation, with
reduced graft patency at 1-year (53% vs. 82% in non-CKD) [85],
higher perioperative mortality (9%) [56, 86], and frequent early
amputations despite patent grafts [56, 87, 88]. Medium-term
survival is limited (~33%-35% at 2 years) [84, 88, 89], regardless
of whether revascularisation or primary amputation is performed
[56, 84]. While selected patients—particularly those receiving
vein grafts—may achieve reasonable short-term limb salvage,
this is often offset by high complication rates [81, 90] and pro-
longed hospitalisation [91]. Emerging strategies, including infra-
poplitaeal bypass and repeat endovascular interventions [71, 82,
92], may improve outcomes in selected cases, predominantly by
reducing amputation rates [56, 82, 92-94]. However, the persis-
tent gap between technical success and clinical outcomes high-
lights the profound systemic disease burden in ESKD and
challenges the overall benefit and patient selection for revascu-
larisation in this population [71, 81, 94].

3.7 | Lower Extremity Amputation in ESKD
and DFU

Although LEA is a key outcome in DFU, it remains a relatively
infrequent event at the population level, with only 1.8% of DFU
episodes resulting in major LEA within 6 months [54]. In
contrast, individuals with ESKD—particularly those receiving
dialysis—experience a markedly more aggressive disease course,
with substantially higher rates of limb loss despite similar DFU
incidence. Dialysis is consistently associated with a several-fold
increase in amputation risk, reflecting a shift in disease trajec-
tory from ulceration to limb loss [42]. Compared with in-
dividuals with diabetes alone, those with ESKD have an
approximately four-fold higher risk of developing DFUs and a
seven-fold higher risk of major LEA [33]. Table 4 summarises
LEA and mortality outcomes across mixed DFU, CKD, and
dialysis cohorts, showing consistently higher amputation and
death risks with worsening renal impairment, dialysis depen-
dence, and advanced vascular disease.

In a retrospective cohort study by Lavery et al. [42], approxi-
mately one quarter of patients developed a DFU over
30 months. Despite similar ulcer incidences, dialysis-treated
individuals experienced substantially higher and more recur-
rent amputation events [42]. First-amputation incidence was
three-fold higher in dialysis patients than in those with prior
DFU (32.0 vs. 10.7 per 1000 person-years), while cumulative
LEA rates were more than four-fold higher (58.0 vs. 13.1 per
1000 person-years).

In a prospective cohort study by Morbach et al. [52], long-term
outcomes (up to 15 years) in patients with DFU demonstrated a
strong association between ESKD and LEA. Dialysis emerged as
an independent predictor of LEA [52], even after adjustment for
key confounders, indicating that ESKD directly contributes to
adverse limb outcomes rather than acting solely as a marker of
disease severity. Notably, amputation events were over-
whelmingly driven by coexisting PAD, highlighting the central
role of ischaemia in this population.

Findings from the Fremantle Diabetes Study further reinforce
the impact of ESKD on LEA risk [110]. Although overall rates of
both minor and major amputations declined over time, these
differences were not statistically significant. In contrast, ESKD
emerged as a powerful independent predictor of major limb loss
[110], with a markedly elevated risk in Cox models (HR ~28.5),
which remained robust after adjustment (HR ~35.6, p < 0.001)
[110]. These effect sizes substantially exceed those of traditional
risk factors, highlighting the disproportionate burden of limb
loss in this subgroup. Collectively, these data indicate that,
despite improvements in population-level outcomes, ESKD de-
fines a cohort with persistently high amputation risk, reflecting
severe systemic vascular disease and impaired capacity for limb
salvage.

Across observational cohorts, ESKD consistently emerges as one
of the strongest independent predictors of major LEA, even after
adjustment for age, diabetes duration, and cardiovascular co-
morbidity [35, 122]. A clear gradient of DFU risk exists
across stages of CKD, with risk rising progressively from mod-
erate CKD and accelerating sharply once eGFR falls below
30 mL/min/1.73 m? and after dialysis initiation [35]. This
dose-response relationship, demonstrated in longitudinal and
adjusted analyses [34], supports renal impairment as an inde-
pendent and biologically relevant driver of foot pathology rather
than a surrogate for diabetes severity, with advancing CKD
amplifying vascular, neuropathic, and inflammatory mecha-
nisms that increase ulcer severity, recurrence, and amputation
risk [34].

National dialysis datasets [122, 123] demonstrate that DFU in
ESKD with dialysis cohorts is frequently followed by major LEA
within the first and second year of initiating dialysis [26]. Ulcer
severity features—especially ischaemia, infection [124], and
depth—are strong predictors of limb loss [125, 126]. Impor-
tantly, even when technically successful revascularisation is
achieved, limb salvage rates remain poor in ESKD, highlighting
the limitations of conventional vascular interventions in the
presence of CKD-related microvascular dysfunction, inflam-
mation, and frailty [127].
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3.8 | Mortality in ESKD With DFU

Mortality outcomes in patients with DFU and ESKD receiving
dialysis are summarised in Table 4 and demonstrate a markedly
worse survival trajectory than the general DFU population.
While 5-year survival among people with DFU is around 70%,
this declines to approximately 43% following major transtibial
amputation [128], and to under 10% in patients with ESKD
[129], compared with nearly 70% in those without renal failure
[128]. Taken together, most of the observational evidence
derived from national-registry data and large cohort studies
indicates that DFU in the context of HD identifies a population
with extreme systemic risk [28, 76], in where LEA is the
manifestation of a complication which precedes a terminal
event. While precise mortality estimates vary by study design,
one-year mortality commonly exceeds 10%-20%, and three-to 5-
year mortality approaches or exceeds 50%-70%, particularly
following major LEA.

Data from the National Diabetes Foot Care Audit (NDFA) for
England and Wales provide robust population-level evidence of
mortality following DFU [27]. Among more than 71,000 in-
dividuals with a newly registered DFU between 2017 and 2022,
mortality reached 4.2% at 12 weeks, 8.2% at 26 weeks, and 14.4%
at 52 weeks [27]. Renal replacement therapy was one of the
strongest independent predictors of death, conferring more than
a 2-fold increase in 26-week mortality risk (rate ratio 2.34) [27].
However, as these findings are derived from adjusted odd ratios,
absolute probabilities of combined survival and healing cannot
be directly inferred.

Despite variability in ulcer severity reporting across centres, the
magnitude and consistency of excess mortality in ESKD pop-
ulations are observed across multiple datasets [130]. CKD3-5
(eGFR < 30) independently predicts death, with risk rising
sharply at advanced stages and after dialysis initiation [20, 35,
122]. Patients with ESKD demonstrated markedly poorer limb
salvage following revascularisation, with substantially higher
rates of major LEA compared with lower CKD stages, even in
the presence of patent grafts [81]. Limb outcomes deteriorated
progressively with worsening renal function, highlighting the
limited durability of revascularisation in advanced CKD [34, 81].
Mortality was similarly poor, with 5-year survival falling to
< 10% in CKD-5 [28, 76], confirming ESKD as a strong inde-
pendent predictor of death following LEA [76].

Analyses from the US Renal Data System demonstrate very high
mortality among dialysis patients presenting with a new DFU
[131], with 5-year survival estimated at approximately 40% [132,
133]. The majority experience death or major amputation within
13-14 months, and three-year mortality approaches 70% [26].
Despite reliance on administrative claims data, which may be
subject to delayed reporting and misclassification, the consis-
tency and scale of this signal across datasets strongly support
DFU in ESKD as a marker of severe systemic disease rather than
an isolated limb complication [123]. In addition, cause-of-death
data and underlying kidney disease classifications may be
inaccurate or fail to reflect changes in clinical status over time
[134]. These limitations likely attenuate, rather than exaggerate,
observed mortality estimates [37]. Mortality clustered among
individuals with established neuropathy, PAD and prior

ulceration [37], reinforcing the concept that DFU identifies a
subgroup with markedly elevated systemic risk rather than
acting as an isolated determinant of death [135-137].

In the DOPPS study [28], diabetes was associated with a nine-
fold higher incidence of LEA. Amputation independently
doubled the risk of death (HR 1.54; 95% CI 1.41-1.68), reducing
mean survival from 3.8 to 2.0 years [28]. Although DFU severity
and timing relative to amputation were not characterised, the
multinational scope and prospective design of this study un-
derscore the lethality of limb loss in ESKD. Patient-level studies
highlight a striking discordance between perceived and actual
risk. In a cohort of 461 people with diabetes, including 48 pa-
tients with ESKD receiving HD, individuals with diabetic foot
disease were more than twice as likely to rank major LEA as
their greatest fear and less likely to fear death than those
without foot complications [138]. Yet 5-year mortality was more
than twice as high in the ESKD group (52.4% vs. 23.5%) despite
similar stump healing rates. Functional outcomes diverged
sharply: fewer than half of ESKD patients remained ambulatory,
and loss of ambulation independently predicted mortality [138].

Evidence from predominantly observational cohort [104] and
registry studies [25, 139] consistently indicates that dialysis-
dependent ESKD is associated with poor long-term outcomes,
including reduced survival and a high burden of limb loss. Large
national registry data [25, 27, 28, 91]provide relatively robust
evidence, demonstrating persistently elevated rates of non-
traumatic LEA in individuals with diabetes and ESKD [140]
compared with diabetes alone [27, 141, 142], although trends
have plateaued in recent years despite earlier declines [25, 143].
While such datasets offer strong external validity due to scale,
their reliance on administrative coding and limited clinical
granularity introduces potential misclassification and residual
confounding. Across studies using adjusted analyses, dialysis
dependence and ESKD consistently emerged as independent
risk factors for amputation after accounting for key confounders
[37, 88]. Smaller cohort studies ''°further support these find-
ings, identifying dialysis and chronic renal failure as significant
predictors of early major amputation [39, 107, 144], although
generalisability is limited by single-centre designs. Despite het-
erogeneity in study populations and methodologies [145], the
direction of effect is consistent, suggesting a meaningful and
independent contribution of dialysis-dependent ESKD to
adverse limb outcomes. Collectively, these findings indicate that
dialysis dependence is associated with greater amputation risk,
reduced mobility, and poorer overall outcomes, although con-
clusions are constrained by the observational nature of the
evidence.

3.9 | Prevention and Foot Surveillance in Dialysis
Populations

A study from the Fresenius Dialysis Centres Network in North
America demonstrated that implementation of a structured
foot-care programme delivered by dedicated dialysis nursing
staff was associated with a significant reduction in major lower-
extremity amputations, decreasing from 1.30 to 1.07 per 100
person-years [19]. These findings highlight the potential benefit
of proactive foot surveillance, glycaemic management and
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multidisciplinary care within dialysis services [69, 100, 124].
Consistent with these findings, several interventional studies
suggest that targeted foot-care strategies in dialysis populations
can improve clinical outcomes, particularly when tailored to
high-risk groups and specific ethnic subpopulations [146-148].

3.10 |

Despite the high burden of DFU in people with ESKD, the
clinical trial evidence base remains fragmented and poorly
adapted to this population. A central limitation is the systematic
exclusion or under-representation of dialysis patients in DFU
randomised controlled trials, particularly those evaluating
pharmacotherapies and advanced wound therapies. Important
knowledge gaps also exist in vascular and infection-related
management. Patients receiving dialysis frequently present
with advanced PAD and complex tissue loss, yet RCT evidence
guiding optimal revascularisation strategies or dialysis-adjusted
antibiotic regimens remains limited. Similarly, offloading stra-
tegies have rarely been evaluated within the physiological and
logistical context of dialysis care, where intradialytic haemody-
namic shifts, prolonged sitting during treatment, altered
biomechanics, and increased falls risk may influence wound
healing and adherence.

Gaps in Clinical Research Evidence

4 | Discussion

This review synthesised evidence from 64 observational studies
and registry datasets, demonstrating a high burden of DFU in
adults with ESKD receiving dialysis, with elevated risks of major
amputation and mortality. Dialysis emerges as a key determi-
nant of adverse limb and survival outcomes, although findings
are limited by heterogeneity and observational study designs.
Evidence regarding DFU incidence at dialysis initiation remains
inconsistent, likely reflecting variation in definitions, study
populations, and analytical approaches [38, 42].

All included studies were observational, with inherent risks of
bias, confounding, and variability in outcome reporting. Rep-
resentation of dialysis populations varied widely, with
haemodialysis-dominant cohorts in some studies and under-
representation in large registries, limiting comparability.
Follow-up durations were typically short (< 1-2 years), limiting
assessment of long-term outcomes, particularly ulcer recur-
rence, which was infrequently reported.

Most data originated from UK and US settings, primarily from
registry-based or specialist care cohorts [53]. However, mean-
ingful cross-country comparisons are limited. Differences in
healthcare systems —universal audit-driven care within the UK
National Health Service versus insurance-based models in the
US—affect access, case ascertainment, and data capture. Reg-
istry methodologies also differ, with administrative coding in US
datasets (e.g., United States Renal Data System) contrasting with
clinically curated UK audit data (e.g., National Diabetes Foot
Care Audit). These structural and methodological differences
introduce significant confounding factors and preclude robust
direct comparisons. Standardised international datasets and
prospective studies are required to enable valid comparative
analyses.

Centre-based haemodialysis populations predominated, reflect-
ing current service delivery models in the included studies,
particularly in the UK and the United States, where home
haemodialysis remains comparatively uncommon. Patients
receiving home haemodialysis may represent a less multimorbid
subgroup with a potentially different DFU risk profile, intro-
ducing possible selection bias. However, these populations were
not specifically identified or stratified in the available literature,
limiting conclusions regarding comparative risk. This remains
an important evidence gap warranting targeted investigation.

Several additional limitations should be acknowledged. Broad
inclusion criteria required adjudication in some cases, and it is
unlikely that all relevant studies were captured. Subgroup an-
alyses within dialysis populations were not explored, despite
recognised variability in risk profiles. Future research should
focus on stratified analyses to better inform targeted prevention
and management strategies.

DFU in dialysis-dependent ESKD is associated with a conver-
gence of adverse outcomes, including impaired healing, high
amputation rates, and elevated mortality [57]. Across studies,
these complications are rarely isolated; rather, they occur
concurrently and interactively, reflecting the complex interplay
between neuropathy, PAD, metabolic dysregulation, and sys-
temic illness. These findings support the concept that DFU in
dialysis-dependent ESKD represents an accelerated and high-
risk phenotype, characterised by poor healing, early recur-
rence, and a strong ischaemic component driven by coexisting
PAD [149].

Evidence on whether dialysis initiation increases DFU risk is
limited and heterogeneous. Observational cohorts suggest a
temporal association with haemodialysis initiation [38], partic-
ularly within the first 2 years; however, data also indicate that
DFU risk is established prior to renal replacement therapy and
increases with declining kidney function [30, 31]. Longitudinal
studies report no consistent rise in ulcer or amputation inci-
dence following dialysis initiation [35], with some showing
stable or lower post-dialysis ulcer burden [42], although findings
are constrained by observational design and potential con-
founding factors. These patterns suggest that dialysis may
represent a period of heightened vulnerability [150] rather than
a discrete inflection point in risk, but the underlying mecha-
nisms [151-153] and their relative contributions remain un-
certain [69, 154, 155].

The evidence synthesised in this review highlights important gaps
in understanding risk stratification and disease progression in
dialysis-dependent ESKD. Data are limited and heterogeneous
regarding the temporal relationship between dialysis initiation
and DFU risk, with inadequate stratification by dialysis modality
and inconsistent reporting of key outcomes such as healing
durability and recurrence [156]. Furthermore, few studies
examine early or pre-ulcer risk trajectories, limiting insight into
optimal timing for intervention. These gaps underscore the need
for prospective, dialysis-specific studies to better define risk pro-
gression and inform targeted preventive strategies. Future
research must prioritise ESKD populations—historically under-
represented in clinical studies—to better define mechanistic
pathways, refine risk stratification, and inform targeted
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multidisciplinary prevention strategies aimed at reducing both
limb loss and premature mortality.
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