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Abstract

Background

Diabetic foot ulcer (DFU) is a severe complication of diabetes that often leads to
amputation and high mortality, yet survival outcomes and risk factors after DFU-
related amputation remain poorly understood particularly in Indonesia. This study
aims to determine the incidence rate (IR), survival rate and to identify factors associ-
ated with the survival of amputation among patients having DFU in Indonesia.

Methods

This retrospective cohort study included Type 2 Diabetes Mellitus (T2DM) patients
with DFU admitted to the Margono Hospital in Central Java Indonesia. The primary
outcome of this study was the times since diagnosis of DFU to amputation. This
study outcome was conducted for 5-year survival (2019-2024), IR and survival rate
of amputation. Multiple cox regression was performed to investigate factors associ-
ated with survival, quantified by adjusted hazard ratios (AHR) and their 95% Cls.

Results

This cohort comprised 878 DFU patients and followed up for 1,350.55 person-year
within the study period. The overall amputation IR was 14.22 per 100 person-year
(95% ClI: 12.34—-16.38) with the highest IR/100 population was 85.68 (95% CI:
73.49-99.90) occurred in the gangrene group. The overall survival rate within 1-year,
3-year and 5-year was 76.14% (95%ClI: 72.82—-79.11), 72.77% (95%CI: 69.08-76.10)
and 71.18% (95% Cl: 67.22—74.75) respectively with the highest five-year survival
rates were observed among patients with cardiovascular disease (94.37%, 95%

Cl: 85.17-97.93). Factors that were associated with survival included patients who
receiving insulin therapy (AHR: 5.51; 95% CI: 3.73-8.14), residing in rural areas
(AHR: 4.14; 95% CI: 1.70-10.12), patients without neuropathy (AHR: 2.40; 95%
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Cl: 1.30-4.42), those with underweight or normal BMI (AHR: 2.04; 95% CI: 1.40—
2.98), and those without hypertension (AHR: 1.52; 95% CI: 1.03-2.22).

Conclusions

The study revealed that the rate of amputations was relatively high and highest sur-
vival rate was patients with cardiovascular disease. Receiving insulin therapy, staying
in rural area, no-neuropathy, underweight and normal weight and no-hypertension
showed more likely to amputation. Early detection of comorbidities is recommended
to prevent amputation among patients with DFU.

Introduction

Diabetic foot ulcer (DFU) is one of the most severe and costly complications of diabe-
tes mellitus, leading to infection, lower-extremity amputation, and premature mortality
[3,5]. This condition affects people with diabetes worldwide and represents a major
public health challenge [1-3]. Globally, more than 537 million people are living with
diabetes, and it is estimated that 19—-34% will develop a DFU during their lifetime
[4,5]. DFU accounts for approximately 20% of diabetes-related hospital admissions
and is the leading cause of non-traumatic lower-limb amputations worldwide [6,7].
Approximately 20% of individuals with DFU undergo lower-extremity amputation, and
nearly 10% die within one year of ulcer diagnosis [5—7].

The burden of DFU is particularly high in low- and middle-income countries, includ-
ing Indonesia, where the prevalence of diabetes has increased substantially over
the past decade. Indonesia ranks among the top ten countries globally for diabetes
prevalence, with an estimated 19.5 million adults living with diabetes [4,8].
Hospital-based studies from Indonesia indicate that DFU affects a significant propor-
tion of people with diabetes and contributes substantially to prolonged hospitalization,
high treatment costs, disability, and preventable amputations. Despite this growing
burden, national-level data on DFU outcomes, particularly post-amputation survival,
remain limited.

DFU is associated with considerable morbidity and mortality. Severe infection,
peripheral neuropathy, peripheral arterial disease, and delayed access to specialized
foot care often associated with major or minor amputations. Evidence suggests that
survival following DFU-related amputation is poor: pooled estimates indicate a 5-year
mortality rate exceeding 50% among individuals with DFU who undergo amputation
[9]. Cohort studies further demonstrate markedly reduced long-term survival among
those undergoing major amputation compared with individuals whose ulcers heal
without amputation [10,11]. These deaths are largely attributable to coexisting condi-
tions such as cardiovascular disease, chronic kidney disease, and advanced periph-
eral arterial disease.

Although advances in diabetes management have improved glycemic control and
ulcer care, substantial gaps remain in understanding long-term survival and prog-
nostic factors following DFU-related amputation, particularly in Indonesia. Identifying
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incidence rates, survival patterns, and modifiable risk factors is essential to guide clinical decision-making, improve
post-amputation care, and reduce preventable mortality. Therefore, this study aimed to determine the incidence rate and
survival outcomes of amputation and to identify factors associated with survival among people with diabetic foot ulcers in
Indonesia.

Materials and methods
Study design

This study employed a retrospective cohort design using medical record data from patients with diabetic foot ulcers (DFU)
treated at Margono Hospital, Central Java, Indonesia, between 1 July 2019 and 30 June 2024.

Study area

Margono Hospital is a tertiary public referral hospital located in Central Java, Indonesia, with a specialized diabetes care
unit. The hospital receives referrals from primary and secondary healthcare facilities across the region and maintains
standardized diabetes and wound-care protocols. Electronic medical records are routinely used for clinical documentation,
enabling longitudinal follow-up of patients with DFU.

Study population, inclusion and exclusion criteria

All adult patients (218 years) with type 2 diabetes mellitus who presented to Margono Hospital with a clinically diagnosed
diabetic foot ulcer during the study period were eligible for inclusion. Both patients presenting with a newly diagnosed
DFU and those referred with chronic or non-healing DFU were included. Patients were excluded if they had incomplete

or missing electronic medical records, had a documented diagnosis of human immunodeficiency virus (HIV) infection or
hemophilia, and underwent lower-extremity amputation prior to their first DFU-related presentation at Margono Hospital.
Patients with a history of previous amputation before the current DFU episode were included, provided that no amputation
had occurred for the index ulcer prior to hospital presentation. A total sampling approach was applied, resulting in 878
eligible DFU cases.

Outcome definition and follow-up

The primary outcome was time to first lower-extremity amputation following DFU diagnosis. Follow-up time (in years) was
calculated from the date of first DFU-related presentation to Margono Hospital, which was considered the date of diagno-
sis for this study, until the occurrence of amputation (event), death, loss to follow-up, ulcer healing, or the end of the study
period. The maximum follow-up period was five years. Patients who died, were lost to follow-up, or achieved ulcer healing
without amputation were treated as censored observations.

Exposure variables

Body mass index (BMI) was classified using the World Health Organization (WHO) Asia-Pacific criteria [12]. BMI was
included as an exposure variable because previous studies have reported associations between nutritional status, wound
healing capacity, and risk of lower-extremity amputation among patients with diabetic foot ulcers [36—40]. DFU severity
was assessed using the Wagner classification system and regrouped into three categories: (1) Grades 0-1, (2) Grades
2-3, and (3) Grades 4-5 [2]. Risk of foot ulceration was classified according to the International Working Group on the
Diabetic Foot (IWGDF) 2019 guidelines. Patients were categorized as high risk if they had loss of protective sensation
(LOPS) or peripheral arterial disease (PAD) in combination with a prior history of foot ulcer, lower-extremity amputation,
or end-stage renal disease. LOPS was assessed using a 10-g Semmes—Weinstein monofilament and/or a 128-Hz tuning
fork, while PAD was assessed using ankle—brachial index (ABl) measurements or Doppler ultrasound [13].
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Data collection

Data were extracted from electronic medical records by trained research assistants and reviewed for accuracy. The
researcher verified the dataset with medical practitioners before analysis. Prior to statistical analysis, the data were reval-
idated by a healthcare professional to ensure integrity and additional verification and error correction were performed by
the researcher. The data collection procedure was designed in 2024 and took up to 3 months. Training for enumerators
was conducted in June 2024, while data collection began in July 2024. Subsequently, data collection was conducted from
July 2024 to October 2024. Data were accessed for research purposes on 26/06/2024. Information on duration of diabe-
tes, glycemic control indicators (e.g., HbA1c), smoking status, alcohol use, socioeconomic indicators, infection markers,
serum albumin, and hemoglobin levels was not consistently available in the electronic medical records and therefore could
not be included in the analysis.

Statistical analysis

The baseline characteristics of DFU patients were described using frequency and percentage for categorical data. The
mean, standard deviation (SD), median, and minimum and maximum ranges were used for continuous data. The inci-
dence rate of DFU Amputation per 100 person-years since diagnosis and its 95% confidence interval (Cl) were calculated
using the Poisson distribution assumption. The IR of DFU amputation was calculated as the number of DFU amputations
divided by the total person-years.

Kaplan-Meier methods were used to assess the survival rate from DFU diagnosis until amputation. IRs and survival
rates of DFU amputation were reported for the 5-year follow-up. Simple cox regression analysis was used to evaluate the
association between each factor and DFU survival one at a time, with results presented as crude hazard ratios (CHR).
Independent variables for the initial model were selected based on plausibility, prior evidence, data completeness or a
Wald test p-value <0.25 in bivariate analysis [14]. Multiple cox regression analysis was performed to evaluate the associ-
ation between each factor and DFU survival, adjusting for all factors. Results were presented as Adjusted Hazard Ratio
and their 95%CI as well as the p-value. All tests were two-sided, with a statistically significant p-value of less than 0.05.
Analyses were conducted using STATA version 18 (StataCorp, College Station, TX).

Ethical consideration

The study protocol was reviewed and approved by the Ethics Committee of RSUD Prof. Dr. Margono Soekarjo Purwokerto
(Margono Hospital), Indonesia, on 26 June 2024 (Approval No. 420/05089), and by the Center for Ethics in Human
Research, Khon Kaen University, Thailand (Reference No. HE682022). As this was a retrospective analysis of existing
medical records, no direct patient contact occurred. All data were fully anonymized prior to analysis. The requirement for
informed consent was waived by both ethics’ committees.

Results
Characteristics of DFU patients

A total of 878 patients with DFU were included in the analysis. During the observation period, 192 amputations were
recorded, corresponding to 1,350.55 person-years of follow-up. This indicates that approximately one in five DFU patients
eventually required amputation during the study period. Amputations were more frequent among females (54.7%) and
older patients (260 years, 52.6%), with nearly all cases occurring among rural residents (97.4%). Most amputations were
observed among patients with normal BMI (82.8%), those receiving insulin therapy (83.9%), and particularly those pre-
senting with gangrene (84.9%). Renal disease accounted for 17.2% of amputations, while hypertension, cardiovascular
disease, and neuropathy contributed smaller proportions. The overall IR of amputation was 14.22 per 100 person-years
(95% CI: 12.34-16.38). The highest incidence was observed among patients with gangrene, reaching 85.68 per 100
person-years (95% Cl: 73.49-99.90) (Table 1 and Figs 1-3).
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Table 1. Incidence rates of lower-extremity amputation per 100 person-years with 95% confidence intervals among patients with diabetic foot

ulcer (n=878).

Characteristics Amputation (Person-Year) IR/100 PY
No (%) Yes (%)

Overall 686 (78.13) 192 (21.87) 1,350.55 14.22 (12.34-16.38)
Sex

Male 317 (46.21) 87 (45.31) 649.79 13.39 (10.85-16.52)

Female 369 (53.79) 105 (54.69) 700.77 14.98 (12.38-18.14)
Age (years)

<60 334 (48.69) 91 (47.40) 644.51 14.12 (11.50-17.34)

>60 352 (51.31) 101 (52.60) 706.04 14.31 (11.77-17.39)
Mean (SD) 60.30 ( ) 60.84 ( )
Median (Min: Max) 60.28 (8.38:92.61) 60.45 (38.69:86.47)
Residence

Urban 99 (14.43) 5 (2.60) 256.24 1.95 (0.81-4.69)

Rural 587 (85.57) 187 (97.40) 1,094.31 17.09 (14.81-19.72)
Payment

BPJS 592 (86.30) 165 (85.94) 1,159.85 14.23 (12.21-16.57)

Non-BPJS 94 (13.70) 27 (14.06) 190.70 14.16 (9.71-20.65)
BMI

Underweight and Normal weight 443 (64.58) 159 (82.81) 838.38 18.97 (16.24-22.15)

Overweight and obese 243 (35.42) 33 (17.19) 512.18 6.44 (4.58-9.06)
T2DM Therapy

Without Insulin 386 (56.27) 31 (16.15) 907.90 3.41 (2.40-4.86)

With Insulin 300 (43.73) 161 (83.85) 442.66 36.37 (31.17-42.45)
Status of Ulcer Risk

High Risk 118 (17.20) 42 (21.88) 220.38 19.06 (14.08-25.79)

Non-High Risk 568 (82.80) 150 (78.12) 1,130.17 13.27 (11.31-15.58)
Severity of DFU

Gangrene 97 (14.14) 163 (84.90) 190.24 85.68 (73.49-99.90)

Non-Gangrene 589 (85.86) 29 (15.10) 1,160.31 2.50 (1.74-3.60)
Comorbidity
Renal Disease

Yes 89 (12.97) 33 (17.19) 162.58 20.30 (14.43-28.55)

No 597 (87.03) 159 (82.81) 1,187.98 13.38 (11.46-15.63)
Hypertension

Yes 211 (30.76) 35 (18.23) 407.30 8.59 (6.17-11.97)

No 475 (69.24) 157 (81.77) 943.25 16.64 (14.23-19.46)
CVvD

Yes 83 (12.10) 4 (2.08) 197.89 2.02 (0.76-5.39)

No 603 (87.90) 188 (97.92) 1,152.66 16.31 (14.14-18.82)
Neuropathy

Yes 137 (19.97) 12 (6.25) 329.53 3.64 (2.07-6.41)

No 549 (80.03) 180 (93.75) 1,021.02 17.63 (15.23-20.40)

DFU =Diabetic Foot Ulcer; IR=Incidence Rate; PY =Person-Year, Cl=Confidence Interval; SD = Standard Deviation; Min=Minimum; Max=Maximum;
BPJS =Indonesia National Health Insurance Scheme; BMI=Body Mass Index; T2DM=Type 2 Diabetes Mellitus; CVD = cardiovascular disease

https://doi.org/10.137 1/journal.pone.0343399.t001
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Kaplan—Meier survival estimate
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Fig 1. Kaplan-Meier curve of the chance of being amputated among T2DM patients with DFU.

https://doi.org/10.1371/journal.pone.0343399.9001

Kaplan—Meier survival estimates
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Analysis time
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With Insulin 461 126 85 60 46 33

Fig 2. Kaplan-Meier curve of the chance of being amputated by Therapy among T2DM patients.

https://doi.org/10.137 1/journal.pone.0343399.9002

Overall, the amputation-free survival rate among patients with DFU declined progressively over time, from 76.14%
(95%CI: 72.82—79.11) at one year to 72.77% (95%CI: 69.08—-76.10) at three years and 71.18% (95%CI: 67.22-74.75)
at five years. Subgroup analyses demonstrated that the highest five-year survival rates were observed among patients
with cardiovascular disease (94.37%, 95% CI: 85.17-97.93), urban residents (93.30%, 95% CI: 83.48-97.37),
and patients with non-gangrene ulcers (92.87%, 95% CI: 89.62-95.13). In contrast, the lowest survival rates were
observed in patients with gangrene (23.48%, 95% CI: 16.90-30.70), those receiving insulin therapy (51.37%, 95%
Cl: 44.81-57.53), those with high-risk of ulcer (63.02%, 95% CI: 52.35-71.94). These findings underscore the critical
influence of ulcer severity, comorbidities, glycemic management, and healthcare access on long-term survival out-
comes (Table 2).

Fig 4 further illustrates these patterns through a forest plot of survival rates and their 95% confidence intervals across
subgroups, highlighting the need for targeted interventions for high-risk populations (Fig 4).
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Kaplan—Meier survival estimates
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Fig 3. Kaplan-Meier curve of the chance of being amputated by Residence among T2DM patients.

https://doi.org/10.1371/journal.pone.0343399.9003

Factors associated with amputation

The analysis using simple Cox regression revealed potential factors associated with amputation risk (p<0.25). These
included rural residence (CHR: 6.54; 95% CI: 2.69-15.91), having an underweight or normal BMI compared to overweight/
obese (CHR: 2.64; 95% CI: 1.82-3.85), use of insulin therapy (CHR: 6.66; 95% CI: 4.52—-9.8), and presence of high-risk
ulcer status (CHR: 1.23; 95% CI: 0.87—-1.73). The strongest association was found for gangrene (CHR: 20.52; 95% CI:
13.78-30.55). Regarding comorbidities, the absence of renal disease showed a potential association (CHR: 0.75; 95% CI:
0.52-1.1). Furthermore, the absence of hypertension (CHR: 2.13; 95% ClI: 1.48-3.08), absence of cardiovascular disease
(CVD) (CHR: 6.72; 95% CI: 2.5-18.1), and absence of neuropathy (CHR: 4.30; 95% CI: 2.4—7.72) were also found to be
significantly associated with amputation (Table 3).

Using multiple Cox regression, after adjusting for potential confounders and checking for multicollinearity, several
factors remained significantly associated with amputation. Patients receiving insulin therapy had more than five times the
risk of amputation compared with those not on insulin (AHR: 5.51; 95% CI: 3.73-8.14). Residing in rural areas was also
strongly associated with increased risk (AHR: 4.14; 95% CI: 1.70-10.12). Moreover, patients without neuropathy (AHR:
2.40; 95% CI: 1.30—4.42), those with underweight or normal BMI (AHR: 2.04; 95% CI: 1.40-2.98), and those without
hypertension (AHR: 1.52; 95% ClI: 1.03—2.22) were at higher risk of amputation (Table 4).

Discussions

In this study, the overall incidence rate of amputation among patients with diabetic foot ulcers was 14.22 per 100
person-years (95% Cl: 12.34—16.38), with the highest incidence observed among patients with gangrene, reaching 85.68
per 100 person-years (95% Cl: 73.49-99.90). This finding is relatively consistent with previous reports, which documented
an amputation rate of 9.9% in China [15] and 14.11% in Surabaya, Indonesia [16]. This discrepancy may be attributed to
differences in follow-up duration, definitions of DFU severity, healthcare access, and the higher proportion of gangrene
cases in our study cohort, highlighting how the risk of amputation remains substantial, particularly for patients presenting
with severe ulceration or gangrene.

Our one-year, three-year, and five-year survival rates (76.14%, 72.77%, and 71.18%, respectively) were slightly lower
than the 85.7% three-year survival reported in an earlier Indonesian study [17], and lower than the 81.2% one-year sur-
vival found in other studies. However, our five-year survival was considerably higher than the 49.7% reported previously
[18]. These differences could be explained by differences in prevalence of comorbidities, variation in DFU management
protocols, or better post-amputation care in our setting.
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Table 2. Amputation-free survival rates at 1-year, 3-year, and 5-year among patients with diabetic foot ulcer.

Characteristics Survival Rate (%) p-value
1-Year 3-Year 5-Year
n (%) 95%ClI n (%) 95%ClI n (%) 95%ClI

Overall 369 (76.14) 72.82-79.11 211 (72.77) 69.08-76.1 116 (71.18) 67.22-74.75

Sex 0.908
Male 171 (76.31) 71.27-80.59 107 (73.25) 67.78-77.94 58 (71.71) 65.89-76.70
Female 199 (76.04) 71.46-79.99 105 (72.34) 67.12-76.88 59 (70.71) 65.07-75.61

Age (years) 0.958
<60 171 (76.20) 71.28-80.40 100 (72.67) 67.26-77.35 69 (72.67) 67.26-77.35
260 199 (76.14) 71.46-80.16 112 (72.91) 67.68-77.44 48 (69.68) 63.69-74.89

Residence <0.001
Urban 70 (95.76) 89.07-98.39 44 (95.76) 89.07-98.39 24 (93.30) 83.48-97.37
Rural 300 (73.18) 69.47-76.51 168 (69.16) 65.01-72.93 93 (67.72) 63.31-71.72

Payment 0.691
BPJS 321 (76.36) 72.77-79.54 179 (72.46) 68.41-76.07 95 (71.01) 66.69-74.87
Non-BPJS 49 (74.95) 65.26-82.29 33 (74.95) 65.26-82.29 22 (72.53) 61.79-80.71

BMI <0.001
Underweight and normal weight 221 (70.22) 65.84-74.15 132 (66.63) 61.83-70.97 80 (64.33) 59.16-69.02
Overweight and obese 149 (88.02) 83.18-91.54 80 (85.15) 79.49-89.36 37 (85.15) 79.49-89.36

T2DM Therapy <0.001
Without Insulin 243 (92.70) 89.43-94.98 151 (91.16) 87.37-93.86 83 (89.80) 85.45-92.90
With Insulin 127 (59.49) 54.06-64.51 61 (53.49) 47.39-59.20 34 (51.37) 44.81-57.53

Status of Ulcer Risk 0.233
High Risk 63 (72.41) 63.63-79.41 33 (63.02) 52.35-71.94 18 (63.02) 52.35-71.94
Non-High Risk 307 (76.95) 73.31-80.16 179 (74.79) 70.88-78.26 99 (72.85) 68.54-76.66

Severity of DFU <0.001
Gangrene 56 (33.86) 27.58-40.24 24 (27.27) 20.87-34.04 12 (23.48) 16.90-30.70
Non-Gangrene 314 (95.25) 92.91-96.83 188 (93.51) 90.62-95.54 105 (92.87) 89.62-95.13

Renal Disease 0.137
Yes 44 (67.62) 56.87-76.24 25 (63.42) 51.70-73.03 17 (63.42) 51.70-73.03
No 326 (77.42) 73.92-80.52 187 (74.20) 70.30-77.67 100 (72.35) 68.10-76.13

Hypertension <0.001
Yes 129 (84.47) 78.78-88.75 58 (82.12) 75.46-87.12 17 (82.12) 75.46-87.12
No 241 (72.54) 68.38-76.25 154 (68.68) 64.11-72.79 100 (66.72) 61.86-71.11

CVD <0.001
Yes 57 (96.42) 89.29-98.83 29 (94.37) 85.17-97.93 19 (94.37) 85.17-97.93
No 313 (73.55) 69.9-76.83 183 (70.01) 65.97-73.66 98 (68.23) 63.91-72.16

Neuropathy <0.001
Yes 104 (94.94) 89.67-97.56 48 (89.38) 80.89-94.23 18 (87.20) 77.33-92.97
No 266 (71.49) 67.55-75.04 164 (68.62) 64.38-72.47 99 (67.19) 62.71-71.26

DFU =Diabetic Foot Ulcer; IR=Incidence Rate; Cl=Confidence Interval; BPJS =Indonesia National Health Insurance Scheme; BMI=Body Mass Index;
T2DM=Type 2 Diabetes Mellitus; CVD =cardiovascular disease; p-value: Chi Square

https://doi.org/10.1371/journal.pone.0343399.t002
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1, 3, and 5-Year Survival Rates of Patients with DFU

Estimates with 95% Confidence Intervals
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Fig 4. Forest plot survival rate and 95% confidence interval.

https://doi.org/10.1371/journal.pone.0343399.9004

Patients receiving insulin therapy had a significantly higher risk of amputation compared to those not on insulin, reflect-
ing lower survival among insulin users in our cohort. This finding aligns with previous evidence suggesting that insulin
use often indicates more severe diabetes or poor glycemic control, highlighting its potential role as a proxy for disease
severity [19]. Supporting this, a study employing multiple logistic regression found that insulin therapy was associated
with developing diabetic foot ulceration compared to oral hypoglycemic agents (OHA) [19]. Beyond ulceration, insulin
use has also been linked to an elevated risk of major adverse cardiovascular events (MACE) and hospitalization for heart
failure in patients with type 2 diabetes and acute coronary syndrome [20]. Poor adherence to insulin therapy may exacer-
bate hyperglycemia, a known risk factor for diabetic foot complications [21]. Effective self-care practices are essential for
preventing such complications, and previous studies have demonstrated that self-care scores vary significantly depending
on the type of diabetes treatment [22]. Moreover, an institution-based unmatched case-control study reported a positive
association between insulin monotherapy and diabetic foot ulcers [23]. Together, these findings reinforce the importance
of individualized diabetes management and careful monitoring of patients on insulin to prevent foot complications.

Residing in rural areas was associated with a fourfold increased risk of amputation compared to urban residents, con-
sistent with prior evidence indicating that limited healthcare access and delayed medical intervention in rural settings con-
tribute to adverse outcomes. This observation underscores persistent systemic disparities in healthcare delivery across
low- and middle-income countries. Empirical data have shown that rural residence is strongly associated with the develop-
ment of diabetic foot ulcers, suggesting that rural patients are approximately twice as likely to develop foot ulcers compar-
ing with their urban counterparts [24]. Such disparities are partly attributable to suboptimal glycemic, blood pressure, and
lipid control among rural populations relative to urban populations [25]. Furthermore, the scarcity of healthcare facilities
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Table 3. Factors associated with risk of amputation among patients with diabetic foot ulcer based on simple cox regression.

Factors Total Sample Person-Year IR/100 Crude HR 95% ClI p-value

Sex 0.908
Male 404 649.79 13.39 1
Female 474 700.77 14.98 1.02 0.77-1.35

Age (years) 0.958
<60 425 644.51 14.12 1
260 453 706.04 14.31 1.01 0.76-1.34

Residence <0.001
Urban 104 256.24 1.95 1
Rural 774 1,094.31 17.09 6.54 2.69-15.91

Payment 0.693
Non-BPJS 121 190.70 14.16 1
BPJS 757 1,159.85 14.23 0.92 0.61-1.38

BMI <0.001
Overweight and obese 276 512.18 6.44 1
Underweight and normal weight 602 838.38 18.97 2.64 1.82-3.85

T2DM Therapy <0.001
Without Insulin 417 907.90 3.41 1
With Insulin 461 442.66 36.37 6.66 4.52-9.8

Status of Ulcer Risk 0.236
Non-High Risk 718 1,130.17 13.27 1
High Risk 160 220.38 19.06 1.23 0.87-1.73

Severity of DFU <0.001
Non-Gangrene 618 1,160.31 2.50 1
Gangrene 260 190.24 85.68 20.52 13.78-30.55

Renal Disease 0.140
Yes 122 162.58 20.30 1
No 756 1,187.98 13.38 0.75 0.52-1.1

Hypertension <0.001
Yes 246 407.30 8.59 1
No 632 943.25 16.64 2.13 1.48-3.08

CvD <0.001
Yes 87 197.89 2.02 1
No 791 1,152.66 16.31 6.72 2.5-18.1

Neuropathy <0.001
Yes 149 329.53 3.64 1
No 729 1,021.02 17.63 4.30 2.4-7.72

DFU =Diabetic Foot Ulcer; IR=Incidence Rate; Cl=Confidence Interval; SD = Standard Deviation; Min=Minimum; Max=Maximum; BPJS = Indonesia

National Health Insurance Scheme; BMI=Body Mass Index; T2DM =Type 2 Diabetes Mellitus; CVD = cardiovascular disease; HR=Hazard Ratio

https://doi.org/10.1371/journal.pone.0343399.t003

and trained personnel in rural areas contributes to delays in diagnosing and managing chronic conditions, including dia-
betes, thereby increasing the likelihood of complications such as DFUs [26,27]. Mental health comorbidities, particularly
depression, which is more prevalent in rural populations, may further impair adherence to self-care practices, including
diabetic foot care, thereby elevating the risk of DFU recurrence [28,29]. Additionally, rural living conditions, which often
constrain access to nutritious food and opportunities for physical activity, can adversely affect diabetes management and
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Table 4. Factors associated with risk of amputation among patients with diabetic foot ulcer based on multiple cox regression.

Factors Total Sample Person-Year IR/100 Crude HR Adj. HR 95% ClI p-value
T2DM Therapy <0.001
Without Insulin 417 907.90 3.41 1 1
With Insulin 461 442 .66 36.37 6.66 5.51 3.73-8.14
Residence 0.002
Urban 104 256.24 1.95 1 1
Rural 774 1,094.31 17.09 6.54 414 1.70-10.12
Neuropathy 0.005
Yes 149 329.53 3.64 1 1
No 729 1,021.02 17.63 4.30 2.40 1.30-4.42
BMI <0.001
Overweight and obese 276 512.18 6.44 1 1
Underweight and normal weight 602 838.38 18.97 2.64 2.04 1.40-2.98
Hypertension 0.033
Yes 246 407.30 8.59 1 1
No 632 943.25 16.64 2.13 1.52 1.03-2.22

DFU =Diabetic Foot Ulcer; IR=Incidence Rate; Cl=Confidence Interval; BMI=Body Mass Index; T2DM=Type 2 Diabetes Mellitus; CVD = cardiovascular
disease; HR=Hazard Ratio; Adj. HR =Adjusted Hazard Ratio

https://doi.org/10.1371/journal.pone.0343399.t004

the prevention of DFUs [30]. Collectively, these factors explain the heightened vulnerability of rural residents to adverse
diabetic foot outcomes and emphasize the need for targeted interventions to mitigate these risks.

Interestingly, patients without neuropathy demonstrated a higher risk of amputation compared to those with neurop-
athy, which contrasts with previous studies linking these comorbidities to poorer outcomes [31]. This could reflect more
intensive routine care among patients with established comorbidities, facilitating earlier detection and management of
complications, whereas patients without recognized comorbidities may have underdiagnosed or inadequately managed
conditions. Specifically, diabetic foot ulcers are often identified earlier in patients with comorbidities due to more frequent
healthcare encounters, which may represent an incidental benefit of routine monitoring for other chronic conditions
[32,33]. Comorbidities such as diabetic neuropathy and peripheral arterial disease remain well-established predictors of
DFUs, necessitating closer surveillance by healthcare providers [33]. Furthermore, patients managing multiple health con-
ditions may exhibit heightened awareness of physical changes, particularly related to foot health, thereby promoting early
symptom reporting and proactive self-care behaviors [34]. Emerging evidence also suggests that biomarkers, including
miR-204-3p, are associated with the onset and resolution of DFUs, highlighting the potential for early detection in patients
with comorbidities through biomarker monitoring [35]. Socio-economic determinants, such as lower socio-economic posi-
tion, have been associated with higher DFU incidence; however, they may also lead to increased healthcare interactions,
indirectly facilitating earlier identification and management of foot ulcers [32]. These findings emphasize that the apparent
protective effect observed in patients with neuropathy may be attributed to heightened surveillance and proactive manage-
ment rather than the absence of risk.

Underweight and normal-weight patients exhibited a twofold higher risk of amputation compared to overweight or
obese individuals. Rather than indicating a protective effect of obesity per se, this finding may reflect the adverse impact
of undernutrition, frailty and reduced physiological reserve on wound healing and infection control in patients with diabetic
foot ulcers. Lower body mass has been associated with greater DFU severity and poorer healing outcomes, suggesting
that inadequate nutritional status may exacerbate ulcer progression and increase the likelihood of amputation [36].Mal-
nutrition is also linked to systemic inflammation, immune dysfunction, and higher mortality in underweight individuals with
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chronic disease, which may further compromise recovery in patients with DFU [37,38]. Although some studies in chronic
illness populations describe an “obesity paradox,” whereby overweight or moderately obese individuals experience
improved survival, evidence supporting this phenomenon specifically for DFU-related amputation remains limited and
should be interpreted with caution [37,39]. Additionally, deficiencies in essential micronutrients including vitamin D, vita-
min C, magnesium, and selenium are common among patients with DFU and have been shown to impair wound healing
processes [40]. These findings underscore the importance of comprehensive nutritional assessment and individualized
nutritional interventions as part of multidisciplinary DFU management. Future prospective studies are warranted to clarify
the causal relationship between BMI, nutritional status, and amputation risk in patients with diabetic foot ulcers.

The finding that patients without hypertension had worse survival outcomes is somewhat contradictory to expectations.
One explanation might be that hypertensive patients are more regularly monitored and treated, leading to better overall
management of diabetic complications including DFU. Because of its relationship to vascular health and diabetes regula-
tion, effective blood pressure control is crucial for DFU outcomes [41—43]. Recent studies show a more complex association
between hypertension and amputation risk in DFU patients. Diabetes and hypertension often affect each other’s treatment.
Diabetes drugs including GLP-1 receptor agonists and SGLT2 inhibitors reduce blood pressure. This suggests that diabetes
treatment can also reduce hypertension, making therapy choices helpful for both illnesses [44]. Maintaining blood pressure
below 130/80 mmHg through pharmacologic therapy, lifestyle modification, and agents such as ACE inhibitors or ARBs is
recommended, particularly in patients with resistant hypertension [45]. While hypertension awareness does not directly pre-
vent DFUs, it promotes optimized cardiovascular and metabolic management, thereby reducing ulcer risk [46].

This study provides long-term evidence on survival and amputation outcomes in patients with diabetic foot ulcers,
while uncovering paradoxical associations with neuropathy, hypertension, and BMI, as well as the strong influence of
rural residence. As an endocrine disease, diabetes can affect the development and management of comorbidities such as
hypertension and neuropathy, which in turn influence DFU outcomes, making it difficult to determine the causal direction
between diabetes, comorbidities, and ulcer progression. These findings emphasize the interplay between biological, clini-
cal, and social determinants, highlighting the need for individualized management and targeted interventions to reduce the
burden of diabetic foot complications.

Strength and limitation of the study

This study has several strengths. It included a large cohort of patients with diabetic foot ulcers followed for up to five years,
with minimal missing data. The study was conducted at Margono Hospital in Central Java, one of the largest public hospi-
tals in Indonesia with a specialized diabetes department, and included a substantial number of referred DFU cases, allow-
ing for robust survival and incidence analyses. Nevertheless, several limitations should be acknowledged. First, the findings
may not be fully generalizable to the entire Indonesian population, as the study was conducted at a single tertiary hospital
located on Java Island. Second, information on deaths occurring outside the hospital was unavailable, which may have

led to underestimation or misclassification of survival outcomes. Third, important clinical and behavioral variables including
duration of diabetes, glycemic control, smoking status, alcohol consumption, infection status, anemia, and nutritional bio-
markers such as serum albumin were unavailable or incompletely recorded in the medical records. The absence of these
variables may have resulted in residual confounding. Despite these limitations, this study provides valuable evidence on
the incidence and survival outcomes of amputation among patients with diabetic foot ulcers in Indonesia. Future multicenter
and prospective studies across different regions of the country are warranted to confirm and extend these findings.

Conclusions

The overall IR of amputation among patients with DFU in Indonesia was high, with the highest rates observed among
patients with gangrene. The survival rate declined progressively from one year to five years. The overall 5-year survival
rate among DFU patients in Indonesia was low, with the highest survival observed among patients with cardiovascular
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disease and the lowest among those with gangrene. Patients receiving insulin therapy, residing in rural areas, those
without neuropathy, patients with underweight or normal BMI and those without hypertension were more likely to undergo
amputation.

To mitigate amputation risk, DFU patients should undergo routine screening for neuropathy and hypertension, and early
detection programs, particularly for rural populations, should be strengthened. Standardized hospital-based screening for
high-risk patients, coupled with multidisciplinary management involving endocrinologists, vascular specialists, and wound
care teams, is recommended. Patient education should emphasize early recognition of complications and timely medi-
cal intervention, with special attention to self-care and adherence to treatment. Mobile health units and telemedicine can
improve access to diabetes and DFU care in rural areas, while ensuring affordable insulin and wound care supplies may
further prevent severe outcomes. Future research should explore the biological and social determinants influencing DFU
prognosis, including the paradoxical associations between amputation risk and absence of comorbidities, as well as the
impact of early detection and intervention on patient outcomes.
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