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Abstract

Objective. To explore the impact of chronic kidney disease (CKD) on hospitalized patients with diabetic foot ulcers (DFU)
at a tertiary diabetes center in Thailand.

Methodology. A retrospective study reviewed hospitalized DFU admissions at Vimut-Theptarin Hospital from 2019 to
2023. Ulcer-related outcomes included complete wound healing at 12 months, major and minor amputations, and 1-year
mortality.

Results. A total of 265 DFU admissions from 225 patients were included (male 60.4%; age, 66.7 + 13.4 years; A1C, 8.2 £
2.3%, advanced CKD, 26.1%, peripheral arterial disease, 54.7%). Severe DFU (Wagner grade 23) comprised 60.0% of
all DFUs and almost one-third of patients had prior amputations. Complete healing occurred in 69.8%; major amputation
in 4.9%; minor amputation in 30.9%; and 1-year mortality rate after discharge was 11.7%. Advanced CKD (stages 4-5)
increased odds of non-healed ulcers (odds ratio OR, 2.69; 95% confidence interval Cl, 1.46-4.98; P = 0.002) and 1-year
mortality rate (21.7% vs 8.4%; P = 0.004).

Conclusion. Advanced chronic kidney disease (CKD) is associated with poorer ulcer-related outcomes in hospitalized
patients with diabetic foot ulcers (DFU). Proactive foot care and early referral to multidisciplinary teams, particularly for
dialysis-dependent patients, remain essential. Despite ongoing advances in DFU management, these patients continue
to face higher rates of non-healing ulcers and mortality, underscoring the need for coordinated inter-institutional care and

enhanced public education efforts.
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INTRODUCTION

Diabetic foot ulcer (DFU) causes a significant economic
burden on healthcare systems all over the world and
is one of the costliest diabetic complications, requiring
multidisciplinary expertise from primary care to
subspecialties.! Approximately 15% - 40% of individuals
with diabetes develop a foot ulcer during their lifetime,
with up to 10% progressing to lower extremity amputation,
resulting in disability, prolonged hospitalization, and
premature mortality.? Moreover, over 60% of these patients
experience DFU recurrence within 5 years, accompanied
by 5-year mortality rates of 50% to 70%.> The prevalence
of co-morbidities is very high in DFU patients leading
to increasingly complex wounds which affect the final
treatment outcomes.*”
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Several studies demonstrated that chronic kidney disease
(CKD) is associated with worse outcomes and mortality
in DFU patients.*’® The presence of CKD accelerates
more severe peripheral arterial diseases (PAD) by causing
chronic inflammation and promoting a prothrombotic
state.! A retrospective cohort study from the Netherlands
found that DFU patients with advanced CKD had a 10-
fold increased risk for major amputation compared to
patients who have an estimated glomerular filtration rate
(eGFR) of 30-59 ml/min/1.73 m*> Despite global declines in
DFU-related major amputations, CKD prevalence in type
2 diabetes (T2D) has surged with rising life expectancy,
though diabetic kidney disease mechanisms remain
incompletely understood.”? In Thailand, T2D is one of the
common causes of dialysis.”® Successful DFU manage-
ment hinges on coordinated, holistic multidisciplinary
care addressing all comorbidities.
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Over the past 3 decades, our hospital — a tertiary diabetes
center in Thailand —has been able to provide comprehensive
diabetic foot care to the majority of complex patients
referred to us from all over Thailand and neighboring
countries. Prior data demonstrated achievement of limb
salvage rates exceeding 90% and complete healing rates
above 80% through dedicated multispecialty teams.
However, advanced CKD reduced complete healing by up
to 33%, underscoring the role of comorbidities in this fragile
population with DFU as a complex clinical syndrome.”
More detailed analysis of the relationship between CKD
staging and ulcer-related outcomes should be explored to
better understand prognostic factors among hospitalized
DEFU patients. Therefore, this study examines the impact of
The Kidney Disease: Improving Global Outcomes (KDIGO)
categories for eGFR'® on outcomes of hospitalized patients
with DFU during the period of 2019-2023 at our hospital.

METHODOLOGY
Study design and study population

This retrospective cohort study examined all consecutive
hospitalized DFU admissions from 2019 to 2023 at Vimut-
Theptarin Hospital (formerly Theptarin Hospital), a private
tertiary diabetes center in Bangkok. A dedicated foot
clinic, established since 1995, follows uniform guidelines
in accordance with international standards to triage the
risk of DFU in all people with diabetes. Most hospitalized
DEFU patients were referral cases from all over Thailand and
neighboring countries. DFU was defined as a full thickness
wound below the ankle in an individual with diabetes. All
hospitalized patients with DFU during the study period
were included; exclusion criteria included ulcers above
the ankle, absence of diabetes diagnosis, lack of laboratory
data on renal function, missing glycated hemoglobin A1C
results, and incomplete medical records.

The Wagner classification was used to assess the wound
severity based on depth of ulceration and the extent of
gangrene.”” PAD was diagnosed if distal pulses were
absent and/or the ankle brachial index (ABI) was <0.9. In
patients whose ABI was >1.4 or in those with diagnostic
uncertainty, a toe pressure of <55 mmHg or a toe brachial
index (TBI) of <0.7 confirmed PAD.

The presence of CKD was defined as having eGFR <90 mL/
min/1.73m? with or without albuminuria. The stages of CKD
followed standard classification: Stage 1: Kidney damage
with normal or increased GFR (>90 mL/min/1.73 m?); Stage
2: Mild reduction in GFR (60-89 mL/min/1.73 m?) Stage
3a: Moderate reduction in GFR (45-59 mL/min/1.73 m?);
Stage 3b: Moderate reduction in GFR (30-44 mL/min/1.73
m?); Stage 4: Severe reduction in GFR (15-29 mL/min/1.73
m?); Stage 5: Kidney failure (GFR <15 mL/min/1.73 m? or
dialysis). Renal function was categorized as: no chronic
kidney disease (CKD), early-stage CKD (Stages 1-3), and
advanced-stage CKD (Stages 4-5). Date of admission was
defined as the index date for follow-up.
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Sample size calculation

The sample size calculation was based on the study by
Bonnet JB et al.,,’® which reported severe DFU in 64.8%
of advanced CKD patients versus 24.7% in non-CKD
patients. Assuming a two-sided a of 0.05, 80% power,
and an approximate 1:1 ratio of advanced CKD to non-
CKD patients, the minimum required sample size was
50 admissions. These assumptions provided sufficient
statistical power to detect clinically meaningful differences
in ulcer-related outcomes between groups.

Outcomes

The primary outcome was the rate of complete wound
healing at 12 months post-admission. Secondary outcomes
included rates of minor amputation, major amputation,
and all-cause mortality at 12 months post-admission.
Complete wound healing was defined as the complete
epithelialization of the overlying soft-tissue wound within
12 months after admission. Amputations were classified
into minor (up to below the ankle level) or major (above
the ankle level). Patients who died before achieving wound
healing were considered to have non-healing ulcers. This
study was approved by the Institutional Review Board
Committee of Vimut-Theptarin Hospital (EC No.01-2025).

Statistical analysis

Continuous variables were presented as mean + SD or
median (IQR), as appropriate and categorical variables
were presented as proportions. Continuous variables were
tested for normality using the Kolmogorov-Smirnov test .
If data was not normally distributed, non-parametric tests
were applied. Comparisons among different stages of CKD
were performed using one-way ANOVA or the Kruskal-
Wallis test for continuous variables. Comparisons between
healed and non-healed ulcers were conducted using
the independent t-test or the Mann-Whitney U test for
continuous variables, and the Chi-square test for categorical
variables. Logistic regression analysis was used to evaluate
the association between the transformed variables, clinical
binary parameters, and ulcer-related outcomes. Variables
with a univariate P-value <0.05, together with clinically
important predictors (e.g., Wagner grade, PAD, advanced
CKD status), were entered into the multivariate logistic
regression model. Model diagnostics were performed to
assess robustness. Multicollinearity was evaluated using
variance inflation factors (VIFs). For further analysis,
ulcer-related continuous variables were converted into
categorical variables, including A1C (>9%), age (=60 years),
BMI (225 kg/m?), duration of diabetes (210 years), and high
DFU severity (Wagner score >3). Fifteen variables were
selected to assess multicollinearity. The type of DFU was
excluded from the analysis due to a VIF greater than 2.0,
while all other variables had VIF values below 2.0, leaving
a total of fourteen variables. Logistic regression was used to
evaluate the association between the transformed variables,
clinical binary parameters, and ulcer-related outcomes.
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A P-value <0.05 was considered statistically significant.
All statistical analyses were conducted using the Statistical
Package for the Social Sciences (SPSS), version 22.0 (IBM
Corporation, Armonk, NY, USA).

RESULTS
Baseline characteristics of the patients

During the 5-year study period (2019-2023), a total of
272 admissions were reviewed; of these, 265 admissions
met the inclusion criteria, as shown in Figure 1. A total
of 265 DFU admissions from 225 patients were included
(male 60.4%, age 66.7 + 13.4 years, T2D 98.5%, glycated
hemoglobin, A1C 8.2 + 2.3%, advanced CKD 26.1%). DFUs
were classified as neuropathic wounds (45.3%) or mixed
neuro-ischemic wounds (54.7%). The median length of stay
was 7 days (IQR 4, 13 days). Severe DFUs (Wagner grade
3-5) accounted for 60.0% of all DFUs, 63.4% of patients had
a previous history of DFU, and 30.9% of patients had prior
history of amputation. Patients with dialysis-dependent
CKD composed of 13.2% of all patients. The detailed
demographic data of DFU classified by non-CKD status,
early stages of CKD (Stages 1-3), and advanced stages of
CKD (Stages 4-5) were shown in Table 1.
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Ulcer-related outcomes

Complete healing was achieved in 69.8% of all admissions.
Major amputations were performed in 4.9% and minor
amputations in 30.9%. The 1-year mortality rate was
11.7%. The most common causes of death were sepsis
(46.9%), cardiovascular events (28.1%), and cancer
(9.4%). Comparison of the clinical characteristics of the
healed (including minor amputations) and non-healed
patients were demonstrated in Table 2. When stratified
by the severity of CKD, patients with advanced CKD had
unfavorable outcomes in all ulcer-related outcomes as
shown in Figure 2. Complete healing rates decreased from
75.9% for non-CKD patients to only 50.7% in patients with
advanced stages of CKD (P-value = 0.021). Patients with
advanced stages of CKD had higher 1-year mortality rate
compared with those in the early stages of CKD (21.7% vs.
8.4%, P-value = 0.004). Ulcer-related outcomes stratified
by type of ulcers and renal status were shown in Figure
3. Complete healing rate was higher in neuropathic ulcers
compared with neuro-ischemic ulcers in all stages of renal
function. Among advanced CKD patients with neuro-
ischemic ulcers, complete healing rate was only 43.4%.
Ulcer-related outcomes stratified by severe DFU (Wagner
grade >3) across renal function groups are presented in

Table 1. Demographic data of hospitalized diabetic foot ulcer (DFU) classified by estimated glomerular filtration rate
(eGFR) for the Kidney Disease: Improving Global Outcomes (KDIGO) staging system

Total admissions No CKD Early CKD Advanced CKD P-value
(N = 265) (N =29, 10.9%) (N =167, 63.0%) (N =69, 26.1%)
Age (years) 66.7 £ 13.4 61.1+13.5 66.6 £ 13.2 69.3 +13.1 0.0222
Male (%) 60.4% 62.1% 61.7% 56.5% 0.748°
BMI (kg/m?) 24.5(21.5,27.4) 23.9(20.1, 26.8) 24.7 (21.7, 27.8) 24.3 (21.3, 26.3) 0.432°¢
T2D (%) 98.5% 93.1% 98.8% 100.0% 0.034°
Duration of DM (years) 20.0 (11.0, 28.0) 10.0 (2.0, 25.0) 20.0 (11.0, 29.0) 21.0(12.0, 29.5) 0.013¢
A1C (%) 7.7 (6.5, 9.5) 8.3(6.8,9.7) 8.0 (6.8, 10.0) 7.0 (6.0, 8.3) 0.005¢
Serum creatinine (mg/dL) 1.2(0.3, 2.1) 0.6 (0.5, 0.8) 1.0 (0.4, 1.4) 4.4(2.4,6.7) <0.001°¢
eGFR (mL/min/1.73 m?) 57.0 (26.5, 87.0) 98.0 (93.5, 113.5) 67.0 (47.0, 86.0) 12.0 (7.0, 22.0) <0.001°
Length of stay (days) 7 (4,13) 7 (4,10) 7(4,12) 9(4,17) 0.541¢
Type of DFU <0.001°
Neuropathic 45.3% 69.0% 50.3% 23.2%
Mixed 54.7% 31.0% 49.7% 76.8%
Charcot foot (%) 7.9% 3.4% 8.4% 8.7% 0.637°
Ischemic Heart Disease (%) 27.9% 13.8% 24.0% 43.5% 0.002°
Stroke (%) 8.3% 6.9% 10.2% 4.3% 0.322°
Severe DFU (Wagner grades 3-5) (%) 60.0% 51.7% 58.7% 66.7% 0.329°
Previous DFU (%) 63.4% 58.6% 56.3% 82.6% 0.001*
Previous Amputation (%) 30.9% 24.1% 32.3% 30.4% 0.674°
Diabetic Retinopathy (%) 0.121°
No DR 26.1% 47.4% 27.0% 11.8%
Mild NPDR 3.9% 0.0% 5.0% 2.9%
Moderate to Severe NPDR 19.0% 15.8% 20.0% 17.6%
PDR 51.0% 36.8% 48.0% 67.6%
Active smoking (%) 8.7% 3.4% 9.6% 8.7% 0.465°
Wound location (%) 0.089°
Toe 45.3% 34.5% 46.1% 47.8%
Forefoot 40.8% 41.4% 42.5% 36.2%
Heel 7.5% 20.7% 5.4% 7.2%
Ankle 3.8% 0.0% 4.2% 4.3%
Midfoot 1.9% 3.4% 1.8% 1.4%
Whole foot 0.7% 0.0% 0.0% 3.1%

* Available data 153/265 (57.7%)

a20ne-way ANOVA; ® Chi-square test; °Kruskal-Wallis test
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Hospitalized Diabetic Foot Ulcer (DFU) admissions
identified by ICD-10 during 2019-2023

(n =272 admissions, 226 patients)

Excluded

- Non-DM patients (n = 2)
- Ulcer above the ankle (n = 1)

Eligible admissions

(n =265 admissions)

- Incomplete data (n = 1)
- Others (n =3)

—

Non-CKD (n =29)

Early CKD (n=167)

* CKD stage 1 (n = 27)
* CKD stage 2 (n = 70)
* CKD stage 3 (n = 70)

Advanced CKD (n = 69)
* CKD stage 4 (n=27)
* CKD stage 5 (n=42)

Figure 1. Study flowchart of patient selection.
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A Completed wound healing rate (%) B Minor amputation rate (%)
P=0.021
I P <0.001 | : P =0.869 |
p=0927 | ! P=0.220

., 100 . 100 ]
% 80 75.9% 76.6% g " P w D488
f, 60 50.7% ,‘E 60
E'?’ a0 l g a5 34.5% 28.1% 36.2%
o B
g & 9

Non-CKD patients

Early stage of CKD Advanced stage of CKD

SR N
0

Non-CKD patients Early stage of CKD  Advanced stage of CKD
(n=29) (n=167) (n=69)

(n=29) (n=167) (n=69) (n=29) (n=167) (n=69)
C Major amputation rate (%) D Mortality rate within 1 year (%)
40 40
P=0.077
" P [ ]
£ 30 £ 3 P=0.004
2 £ [ |
E £ 21.7%
a g
8
5 20 5 20 P=0.787
& P =0.901 g
€ Iﬁ S
Q S
b4 @ 8.4%
g 1 5.4% 5.8% 3 10 i

0 . .

Non-CKD patients Early stage of CKD Advanced stage of CKD
(n=29) (n=167) (n=69)

Figure 2. Ulcer-related outcomes stratified by renal status. (A) Completed wound healing rate. (B) Minor amputation rate.

(C) Major amputation rate. (D) Mortality rate within 1 year.

Figure 4. Advanced renal dysfunction with severe DFU
was associated with unfavorable ulcer-related outcomes in
terms of complete healing and minor amputation rates, but
differences in in major amputation rate and mortality rate
were not statistically significant.

Results of univariate and multivariate logistic regression

analysis of the complete healing rate are demonstrated in
Table 3. More advanced Wagner’s grades (=3) were found
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more in non-healed group than healed group (70.0% vs.
55.7%, P-value 0.029) but this factor did not reach statistically
significant levels after multivariate analysis as shown in
Table 3. According to multivariate analysis for associated
factors to predict non-healed ulcers, patients with advanced
stages of CKD had increased odds of having a non-healed
ulcer (Odd ratio 2.69, 95% Confidence Interval: 1.46-4.98,
P-value = 0.002).
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Comparisons with our previous published data

Compared with our previously published data from 2009
to 2013™ and from 2014 to 2018, the rates of ischemic
ulcers and/or neuro-ischemic ulcers, advanced CKD, and
severity of DFU were increased in this study period (2019-
2023) as shown in Table 4. Major amputation rate slightly
increased from 4.2% to 4.9% but minor amputation rate
markedly rose from 18.7% to 30.9%.

DISCUSSION

The present study demonstrates the impact of advanced
CKD on various outcomes of hospitalized DFU patients.
These findings were consistent with previous studies
reporting higher odds of amputation and an increase in
resource utilization due to prolonged length of stay among
CKD patients with DFU.*"° Co-existing advanced CKD with
the presence of PAD were the main drivers of these poor
ulcer-related outcomes. Most patients with complicated
DFUs at our center presented late for appropriate treat-
ment. Longer delays before evaluation by diabetic foot
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Complete wound healing (%)

100 m Neuropathic DFU  m Neuro-ischemic DFU
85.0%

81.0%

0 723%

60 55.6%

40

Percentage of admissions

20

Non-CKD patients

Early stage of CKD
(n=29) (n=167) (n=69)

Advanced stage of CKD

Figure 3. Ulcer-related outcomes stratified by type of ulcers.

specialists contributed to greater DFU severity.'® Moreover,
PAD has become an increasingly common cause of DFU,
adversely affecting healing rates and amputation-free
survival.” PAD prevalence is higher in the elderly, and
increases exponentially with aging of the population.?’

Table 2. Clinical characteristics of patients with healed (including minor amputations) versus non-healed ulcers

Healed ulcer (N = 185, 69.8%) Non-healed ulcer (N = 80, 30.2%) P-value
Age (years) 65.3 +13.1 69.9+13.5 0.008 *
Male (%) 62.7% 55.0% 0.239°
BMI (kg/m?) 24.9 (22.3,28.1) 23.4 (20.1, 25.5) 0.001 ¢
T2D (%) 97.8% 100.0% 0.416°
Duration of DM (years) 19.5 (11.0, 27.0) 20.0 (10.0, 30.0) 0.490°¢
A1C (%) 7.9(6.7,9.7) 7.3(6.0,9.1) 0.048°
Serum creatinine (mg/dL) 1.1 (0.8, 1.8) 1.5(0.9, 3.3) 0.014¢
eGFR (mL/min/1.73 m?) 61.0 (36.0, 87.5) 42.5(16.3, 86.8) 0.015°¢
Severe DFU (Wagner grades 3-5) (%) 55.7% 70.0% 0.029°
Wound location (%) 0.074°
Toe 46.0% 43.7%
Forefoot 43.2% 35.0%
Heel 5.4% 12.5%
Ankle 3.2% 5.0%
Mid Foot 2.2% 1.3%
Whole Foot 0.0% 2.5%
@Independent t-test; ° Chi-square test; °Mann-Whitney U test
Table 3. Factors associated with non-healed diabetic foot ulcer by logistic regression analysis
. Univariate analysis Multivariate analysis
Variables
Odds P-value 95% CI Odds P-value 95% CI
Male 1.38 0.240 0.81-2.34
A1C 29% 0.70 0.262 0.38-1.30
Age 260 years 1.65 0.105 0.90 - 3.04
BMI 225 kg/m? 0.46 0.006 0.26 - 0.80 0.57 0.070 0.31-1.05
Duration of DM 210 years 0.67 0.225 0.35-1.28
Presence of Charcot foot 0.70 0.509 0.25-1.99
Presence of IHD 1.77 0.048 1.00 - 3.12 1.02 0.943 0.53-1.99
Presence of PAD 2.73 <0.001 1.56 - 4.80 1.38 0.391 0.66 - 2.90
Previous Amputation 1.20 0.516 0.69-2.11
Wagner grade 23 1.86 0.030 1.06 - 3.25 1.37 0.304 0.75-2.52
Wound site at heel 2.50 0.051 0.99-6.27
Advanced CKD 3.17 <0.001 1.78 - 5.64 2.69 0.002 1.46 - 4.98
Severe DR 1.54 0.301 0.68 - 3.47
Active Smoking 0.62 0.359 0.22-1.73
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Figure 4. Ulcer-related outcomes stratified by severe diabetic foot ulcer (Wagner grade 23) in each renal status. (A)
Completed wound healing rate. (B) Minor amputation rate. (C) Major amputation rate. (D) Mortality rate within 1 year.

Table 4. Comparison of clinical characteristic data and ulcer-related outcomes for this study period
(2019-2023) with our previous published studies in 2009-2013 and 2014-2018

Study period 2009-2013* (N=262)  2014-2018* (N = 350) 2019-2023 (N = 265) P-value
Age (years) 65.6+11.9 65.4+134 66.7 + 13.4 0.416
Duration of DM (years) 17.2+£9.9 18.8+11.5 20.0 +10.9 0.017
A1C (%) 89+24 86+23 82+23 0.003
PAD (%) 43.1% 62.0% 54.7% <0.001
Advanced CKD (%) 18.5% 27.0% 26.1% 0.029
Major Amputation (%) 4.2% 4.6% 4.9% 0.927
Minor Amputation (%) 18.7% 22.3% 30.9% 0.003
Non-healing rate (%) 17.9% 26.6% 30.2% 0.004
Dead within 1 year (%) 5.7% 12.0% 1.7% 0.021

*J Clin Transl Endocrinol. 2014;1:187-91. #BMC Endocr Disord. 2020;20:89.

Previous studies have reported that beyond ulcer severity,
several factors — particularly the renal function — are
important predictors of amputation risk.”** Our findings
indicate that advanced renal dysfunction is associated
with unfavorable ulcer-related outcomes, independent of
DFU severity. These results highlight the importance of
recognizing advanced renal impairment as a key risk factor
for poor outcomes, even in patients who present with less
severe DFU at initial evaluation.

Identifying individuals at risk for foot ulceration is
the first step to prevent the vicious cycle of DFU.? The
latest International Working Group on the Diabetic Foot
(IWGDF) guideline designated end-stage renal failure as
the highest podiatric risk category for worse outcomes.*
This update in the IWGDF underscores the relationship
between DFU and CKD. Patients receiving dialysis still
have significantly greater odds ratio of undergoing major

www.asean-endocrinejournal.org

amputation even after adjusting for the presence of PAD.»%*
It has been postulated that dialysis treatment itself might
decrease tissue oxygenation and blood flow to the foot.”
Therefore, active annual foot ulcer screening and prompt
referral to a multidisciplinary diabetic foot team should be
emphasized in people with diabetes who are on dialysis.
Delayed referral to multidisciplinary care and the lack of a
dedicated follow-up pathway can lead to lower extremity
amputations. The national diabetes foot care audit in
England reported that more than 10% of patients who did
not self-present were not seen for 2 months or more after
initial healthcare contact.?® Our center, a referral facility for
complex DFU cases for three decades, has also observed
the continuing trend of delayed hospital presentation
in several patients. More efforts are required to educate
patients with high-risk foot if the ulcer develops to improve
the future outcomes.



The Impact of CKD on Ulcer-Related Outcomes in Hospitalized Diabetic Foot Ulcers

DFU complicated with PAD is highly prevalentamong CKD
patients and revascularization by angioplasty or bypass
surgery in advanced tertiary centers are often needed in
these patients. CKD patients tended to have PAD with
characteristic lesions that significantly reduce long-term
patency rate after revascularization such as long vascular
segments, serious calcification, poor collateral circulation,
and more involvement of small vessels under the knee.”
Recently, transcatheter arterialization of the deep veins -
a percutaneous approach that creates an artery-to-vein
connection for delivery of oxygenated blood by means of
the venous system to the ischemic foot has emerged to as
a promising therapy in patients with no-option chronic
limb threatening ischemia.?? This advanced intervention,
however, was not yet available in our center. Poor glycemic
control is associated with worse outcomes following
revascularization and optimal glycemic management
including nutritional intervention, is very important factors
to aid wound healing process in patients with complex
DFU.%*

Several limitations may have influenced our results. First,
the retrospective design limits the generalizability of our
findings to populations with different demographics and
health care systems.. Various confounding factors like
socioeconomic status, location of ulcers, smoking status,
and other co-morbidities were not considered in our
study due to incomplete data. Economic constraints were
the main hindrance for patients with low socio-economic
capacity from achieving the best results. Second, the use
of a single definition of chronic kidney disease (CKD),
based solely on estimated glomerular filtration rate (eGFR)
without incorporating other markers of kidney damage,
may have led to misclassification of CKD status. Third,
consistent with prior studies, we classified patients who
died within 12 months of admission as having non-healing
ulcers; however, some of these patients may have died from
unrelated causes after complete wound healing had been
achieved. Fourth, we did not apply correction methods
for multiple testing which could affect the significance
level in our data. Fifth, our analysis was conducted at
the level of hospital admissions rather than individual
patients. Although repeated admissions represented only
17.7% of the sample and largely corresponded to distinct
DFU episodes with differing severity and management,
the non-independence of observations could affect the
validity of our results. Given the relatively small sample
size and sparse clustering, attempts to employ mixed-
effects or generalized estimating equation models risked
non-convergence or unstable estimates. Therefore, we
performed admission-level analysis while explicitly
acknowledging this methodological limitation. Finally, the
presence of PAD might be underreported from inherent
limitations of ABLin patients with calcified vessels.
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CONCLUSION

Our data is consistent with other studies reporting an
increase in morbidity and mortality in CKD patients who
develop DFU. It is important to maintain a proactive
approach to foot care and early referral for DFU in patients
with advanced CKD, especially if the patients are on dialysis.
Despite continuous improvements in DFU management,
advanced CKD patients still had unfavorable ulcer-related
outcomes and increased mortality. Coordinated care
between institutes and better efforts at public education are
required to improve future outcomes.
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