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ABSTRACT

Type 2 diabetes mellitus (T2DM) is highly prevalent in Indonesia, where diabetic foot
ulcer (DFU) affects 26% of patients, far above the global average. DFU, especially when
complicated by gangrene, leads to severe morbidity and mortality, yet evidence related to its
predictors remains limited. This study therefore aims to assess the prevalence of gangrene and
the factors associated with a history of previous diabetic foot ulcers, insulin treatment and the
development of gangrene. The analytical cross-sectional study involved T2DM patients with
DFU admitted to the Margono Hospital in Central Java, Indonesia, from 2018 to 2024.
Generalized linear mixed models (GLMM) employing a logistic regression model and adjusted
odds ratio (AOR) with 95% CI were provided. Out of 859 patients with DFU, 30.97%
(95%CI:27.96-34.15) were diagnosed with gangrene during the study period, which was higher
in those with a history of DFU (AOR:3.59; 95%CI:1.28-10.08); those using insulin therapy
(AOR:3.35; 95%CI:2.25-4.98); those diagnosed with renal disease (AOR:2.22; 95%CI:1.34-
3.67); and those with normal weight or underweight of body mass index (BMI) (AOR:1.87;
95%CI:1.24-3.67). However, hypertensive patients with DFU (AOR:1.68; 95%CI:1.12-2.53)
were more likely to develop gangrene. Nearly one-third of the DFU patients are diagnosed with
gangrene in Indonesia. A previous history of DFU, insulin therapy, renal disease, and lower
body mass index (normal or underweight) were significant predictors of gangrene, while
hypertension appeared to have a protective association. The findings underscore the importance
of early screening and management of comorbidities, particularly renal disease, nutritional
status, and blood pressure control to reduce the risk of gangrenous complications among DFU
patients.
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INTRODUCTION

The rising prevalence of Type 2

diabetes mellitus (T2DM) presents a
considerable challenge to healthcare
practitioners worldwide, with diabetes

becoming a major public health issue due to
its rising prevalence.!> The condition
affected approximately 500 million people
globally in 2021, with 14% of adults aged
between 20 and 79 in Southeast Asia
receiving a diabetes diagnosis. Indonesia
ranks fifth worldwide, with 19.5 million
diagnosed cases of diabetes.!? It is among
the top 10 countries worldwide, demonstrating a
T2DM prevalence of 10.8%.3

T2DM is acknowledged as a
significant public health issue.* Diabetic
foot ulcer (DFU) represents a major
consequence of diabetes mellitus (DM),
resulting in heightened patient morbidity
and significant economic repercussions.’
The worldwide incidence of DFU is 6.3%,
with regional variations: 13.0% in North
America, 5.5% in Asia, 5.1% in Europe,
7.2% in Africa and 3.0% in Oceania.® The
prevalence of DFU in Indonesia was 26%’,
significantly exceeding the global rate 3

DFU is a severe consequence of
diabetes  mellitus  that  contributes
significantly to both mortality and
morbidity worldwide; it is a complex and
expensive  disease.!® DFU  causes
gangrene, which in turn can lead to
amputation, elevated healthcare costs, and
sometimes fatal outcomes.!! The severity
of DFU is closely correlated with the
incidence of adverse consequences such as
gangrene, with severe cases being the
principal cause of expensive complications.'!
In addition, the severity of DFU is a more
significant predictor of future mortality
than coronary artery disease, peripheral
arterial disease or stroke.!? The ultimate
outcome in diabetic patients is influenced
more profoundly by the intensity of the
ulcer, rather than by its location.'?

Retrospective data from a diabetic
foot clinic in Québec City indicated that a

history of previous diabetic foot ulcers and
post-consultation amputation were
significant predictors of the recurrence of
DFU within 12 months.!* Despite advances
in diabetic foot care, such recurrence
remains a major clinical challenge. Meta-
analytic evidence indicates that a prior
history of DFU significantly increases the
risk of recurrence, highlighting the need to
better understand and address factors
contributing to the risk.!"> However, the
association between diabetes treatment and
foot complications remains inconclusive.
Insulin use is frequently linked to a higher
risk of foot-related disorders, while
evidence on oral hypoglycemic agents,
especially metformin, is inconsistent and
potentially confounded by disease severity
and evolving treatment protocols.'® Insulin
plays a crucial physiological role in cellular
metabolism,  glucose  uptake  and
microvascular circulation.!” A deficiency
or resistance can impair endothelial
function, reduce nitric oxide production,
and compromise tissue perfusion, leading
to delayed wound healing and increased
susceptibility to ischemic complications in
the lower extremities.'”® Consequently,
patients requiring insulin therapy often
represent a subgroup with more advanced
or poorly controlled diabetes, predisposing
them to neuropathy, vascular insufficiency
and infection, all of which contribute to the
development and progression of diabetic
foot ulcers and gangrene.!® Insulin use has
been  significantly  associated  with
increased ulcer severity in diabetic patients,
yet the impact of treatment type on foot
complications remains unclear.?’

Diabetes research has progressed;
however, data on the severity of foot ulcers,
particularly in relation to gangrene, remain
limited. Several studies have addressed
factors related to DFU, but have not
specifically assessed gangrene. Central
Java, one of Indonesia’s largest provinces,
comprises both urban and rural areas, with
diverse populations and varying access to
healthcare services. Margono Hospital, a
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major government referral center with a
specialized diabetes unit, serves patients
from  communities where diabetes
awareness and preventive care are limited,
contributing to delayed treatment and
higher DFU and gangrene prevalence.
Therefore, this study aims to assess the
prevalence of gangrene, and the factors
associated with a history of previous
diabetic foot ulcers, insulin treatment and
the development of gangrene in Indonesia.

METHODS

Study design

An  analytical  cross-sectional
approach was employed, based on
electronic medical records. The study
included 859 DFU cases whose diagnosis
dates were reported in medical records
between 2018 and 2024.

Study Area

This study was conducted in
Margono Hospital, Central Java. It is one of
the largest public hospitals in the region and
has a specialized diabetes department, thus
making it an ideal location for the research.

Sample and Sampling
A hospital-based  consecutive
sampling technique was used, with

participants selected based on specific
criteria to ensure relevance and accuracy.
The inclusion criteria for the sample were
patients diagnosed with T2DM who also
had DFU; in addition, participants had to be
patients at Margono Hospital, and receiving
either inpatient or outpatient care.
Furthermore, only individuals aged 18
years or older were considered for
inclusion. The exclusion criteria eliminated
individuals with incomplete electronic
medical records, those who were not
Indonesian  nationals, and  patients
diagnosed with HIV or hemophilia.

Study outcome

The study outcome concerned the
presence of gangrene in  DFU
(dichotomous). Gangrene in DFU was
categorized wusing Wagner tools, an
approach that is primarily focused on
categorizing ulcers based on their depth and
the extent of tissue death, using a six-grade
scale.?! The six Wagner classification
system scales are (0) pre-ulcerative area
without open lesion; (1) superficial ulcer
(partial/full thickness); (2) ulcer extending
to the tendon, capsule, bone; (3) stage 2,
with abscess, osteomyelitis or joint sepsis;
(4) localized gangrene; and (5) global foot
gangrene. For the analysis, gangrene in
DFU was classified as a binary outcome:
non-gangrene (0) included Grade 0, Grade
1, Grade 2 and Grade 3 ulcers, while
gangrene (1) included Grade 4 and Grade 5
ulcers. This categorization was based on the
clinical severity of the ulcers, with Grade 4
and Grade 5 representing advanced stages
with abscess formation, osteomyelitis or
joint sepsis, which are associated with a
higher risk of adverse outcomes. Grade 3
ulcers, although showing some tissue
necrosis, were considered less severe and
more similar to earlier stages in terms of
clinical management and prognosis,
justifying their inclusion in the non-
gangrene group.

A factor of interest in the study was
whether health status included a history of
DFU and T2DM therapy. Demographic
information included gender, age and body
mass index. The BMI results were stratified
using the World Health Organization
(WHO)  Asia-Pacific  classifications.??
Comorbidity refers to all other conditions
an individual patient might have other than
the primary condition of interest, including
renal disease, hypertension, neuropathy and
stroke. The laboratory findings referred to
blood sugar and hemoglobin. The random
blood glucose threshold is normally
between 180 and 200 mg/dL (10 to 11
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mmol/L), meaning that when blood glucose
levels exceed this, extra glucose begins to
be expelled in the urine.”> Anemia is
characterized as hemoglobin levels below
13 g/dL in men and <12 g/dL in women.?*

Data collection

Data validity and reliability were
ensured through the use of a systematic
process. Qualified research assistants
independently performed double data entry,
after which the files were combined and
cross-checked for consistency and
accuracy. The data were then reviewed by
the research assistants and verified with the
attending medical practitioner to confirm
correctness. DFU were graded using
standardized criteria by trained nurses to
ensure consistent outcome assessment. Any
discrepancies or errors identified during
verification were corrected by the
researcher prior to analysis, and a final
review with the medical practitioner was
conducted to ensure data quality.

Statistical analysis

Baseline  characteristics ~ were
analyzed using descriptive statistics, with
categorical ~ variables  presented  as
frequencies and  percentages, and
continuous variables described using mean,
standard deviation, median, minimum and
maximum values. The prevalence of
gangrene was stratified by sex to
characterize the demographic composition
of the study population. To identify factors
associated with gangrene in DFU, a
generalized linear mixed model (GLMM)
with a logistic regression framework was
performed, accounting for clustering by
residence.?> The model was used to account
for clustering by residential area, allowing

for more accurate estimation of
associations between predictors and
gangrene, while addressing potential

intraclass correlation that standard logistic

regression does not accommodate. For
bivariable analyses, the associations
between one explanatory variable at a time
with gangrene in DFU, without considering
other variables or confounders
(unconditional association), were analyzed.
The results were presented as crude odds
ratios (COR) with 95%CI. For the
independent variable selection in the initial
model, variables were included based on
plausibility, a priori evidence,
completeness of data, or if they had a Wald
test p-value < 0.25 in the bivariate
analysis.”>  Multicollinearity ~ between
independent variables was assessed using
variance inflation factors (VIF), with all
values being below the threshold, thus
indicating no multicollinearity. Model fit
was evaluated using the Hosmer—
Lemeshow goodness-of-fit test and the
Akaike Information Criterion (AIC). The
final model with GLMM on logistic
regression automatically excluded cases
with missing values, so the final analysis
was conducted on the complete-case
dataset (n = 641), ensuring that the results
represented only patients with complete
data for all the included variables. The
results were presented as adjusted odds
ratios (AOR) with 95%CI. All the analyses
were performed using the STATA version
18.0 (College Station, Texas 77845 USA)
software package.

RESULTS

DFU Patient Characteristics

A total of 859 diabetes patients with
DFU were included in the study, with more
than half being female (54.71%). Their
mean age was 60.98 (£10.42) years; the
mean blood sugar level was 240.99
(£128.51); most had no history of DFU
(96.86%); and just over half were using
insulin for therapy (55.30%) (Table 1).
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Table 1. Demographic characteristics of the DFU patients (n = 859)

Characteristic Number (n) Percentage (%)
History of DFU

No 832 96.86

Yes 27 3.14
T2DM Therapy

Without insulin 384 44.70

With insulin 475 55.30
Sex

Male 389 45.29

Female 470 54.71
Age (years)

<60 402 46.80

>60 457 53.20

Mean (SD) 60.98 (£10.42)

Median (Min: Max) 60.59 (18.38:92.61)
Residence

Urban 141 16.41

Rural 718 83.59
BMI (n=641)*

Underweight 44 6.86

Normal weight 394 61.47

Overweight or obese 203 31.67
Renal Disease

No 727 84.63

Yes 132 15.37
Hypertension

No 579 57.40

Yes 280 32.60
Neuropathy

No 683 79.51

Yes 176 20.49
Stroke

No 834 97.09

Yes 25 291
Random Blood Sugar

High (>200) 361 42.03

Normal (<200) 498 57.97

Mean (SD) 240.99 (£128.51)

Median (Min: Max) 221 (29:858)
Hemoglobin (n = 641)*

Normal (>12) 112 17.47

Anemia (<12) 529 82.53

Mean (SD) 10.20 (£2.30)

Median (Min: Max) 10.20 3.6:20.6)

*BMI and hemoglobin data were missing for 218 participants (25.4%), resulting in a reduced sample size of 641
for the analyses involving these variables
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Prevalence of Gangrene among the DFU
patients

Of the total sample of 859 patients
with DFU, 266 (30.97%, 95% CI: 27.96-
34.15) were diagnosed with gangrene; 222
(25.84%, 95% CI: 23.03-28.88) with
localized gangrene, and 44 (5.12%, 95%
CI: 3.83 - 6.82) with global foot gangrene.
Gender differences were also observed,
with 114 (29.31%, 95% CI: 24.98 - 34.05)
males and 152 (32.34%, 95% CI: 28.25-
36.72) females being diagnosed with
gangrene, 96 males (24.68%, 95% CI:
20.63-29.22) with localized gangrene and
18 (4.63%, 95% CI: 2.92-7.24) with global

foot gangrene, and 126 females (26.81%,
95% CI: 22.98-31.01) with localized
gangrene and 26 (5.53%, 95% CI: 3.79-
8.01) with global foot gangrene (Table 2).
Reporting prevalence by sex provides a
clear description of the demographic
characteristics of the study population,
including  gender  distribution, and
facilitates meaningful comparisons with
other epidemiological studies of DFU. The
approach also helps contextualize the
impact of gangrene across different
population subgroups in Indonesia.

Table 2. Prevalence of gangrene among DFU patients in Indonesia (n = 859)

Wagner Total Male Female
Classification System Number (%) 95% Cl1 Number 95% CI Number 95% Cl1
(%) (%)
[0] Pre-ulcerative area 108 (12.57) 10.41-14.97 44 (11.31) 8.51-14.88 64 (13.62) 10.79-17.04
without open
lesion
[1] Superficial ulcer 353 (41.09) 37.84-44.43 172 (44.22) 39.33-49.21 181 (38.51) 34.20-43.01
(partial/full
thickness)
[2] Ulcer creep to 87 (10.13) 8.28-12.34 35(9) 6.52-12.29 52 (11.06) 8.52-14.25
tendon
[3] Stage 2 with 45 (5.24) 3.93-6.95 24 (6.17) 4.16-9.05 21 (4.47) 2.92-6.77
abscess,
osteomyelitis or
joint sepsis
[4] Localized 222 (25.84) 23.03-28.88 96 (24.68) 20.63-29.22 126 (26.81) 22.98-31.01
gangrene
[5] Global foot 44 (5.12) 3.83-6.82 18 (4.63) 2.92-7.24 26 (5.53) 3.79-8.01
gangrene
Severity
Non-gangrenous 593 (69.03) 65.85-72.04 275 (70.69) 65.95-75.02 318 (67.66) 63.28-71.75
Gangrenous 266 (30.97) 27.96-34.15 114 (29.31) 24.98-34.05 152 (32.34) 28.25-36.72

Determinants of gangrene among the
DFU patients

After adjusting for the influences of
BMI, history of DFU, T2DM treatment,
renal disease, hypertension, neuropathy,
stroke, random blood glucose levels, and
hemoglobin, it was determined that out of
the 859 individuals with DFU, 266
(30.97%, 95% CI: 27.96-34.15) exhibited
the presence of gangrene. The findings
revealed that the incidence of gangrene in
patients with DFU was elevated among
those with a prior history of DFU (AOR:

3.59; 95% CI: 1.28-10.08), those
undergoing insulin therapy (AOR: 3.35;
95% CI: 2.25-4.98), individuals diagnosed
with renal disease (AOR: 2.22; 95% CI:
1.34-3.67), and patients classified as
normal weight or underweight based on
BMI (AOR: 1.87; 95% CI: 1.24-3.67).
Patients with no hypertension in the
diabetic foot ulcers (AOR: 1.68; 95% CI:
1.12-2.53) were more likely to develop
gangrene (Table 3).
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Table 3. Factors associated with gangrene among the DFU patients in Indonesia: GLMM

(n=859)
Factor Total Gangrene (n %) COR (95% CI) p-value  AOR (95% CI)  p-value
sample
Gender 0.279
Male 389 114 (29.31) 1
Female 470 152 (32.34) 1.18 (0.88-1.58)
Age (years) 0.599
<60 402 122 (30.35) 1
>=60 457 144 (31.51) 1.08 (0.81-1.45)
BMI (n=641)* <0.001 0.003
Overweight and obese 203 42 (20.69) 1 1
Normal weight or 438 157 (35.84) 2.13 (1.44-3.15) 1.87 (1.24-3.67)
underweight
History of DFU 0.203 0.015
No 832 255 (30.65) 1 1
Yes 27 11 (40.74) 1.67 (0.76-3.69) 3.59 (1.28-10.08)
T2DM Therapy <0.001 <0.001
Without insulin 384 69 (17.97) 1 1
With insulin 475 197 (41.47) 3.23 (2.35-4.45) 3.35(2.25-4.98)
Renal Disease 0.031 0.002
No 727 215 (29.57) 1 1
Yes 132 51 (38.64) 1.53 (1.04-2.26) 2.22 (1.34-3.67)
Hypertension <0.001 0.012
Yes 280 62 (22.14) 1 1
No 579 204 (35.23) 1.87 (1.34-2.62) 1.68 (1.12-2.53)
Neuropathy 0.001
Yes 176 35(19.89) 1
No 683 231 (33.82) 2.01 (1.33-3.04)
Stroke 0.028
Yes 25 2 (8.00) 1
No 834 264 (31.65) 5.10 (1.19-21.86)
Random Blood Sugar 0.078
High (>200) 498 142 (28.51) 1
Normal (<200) 361 124 (34.35) 1.30 (0.97-1.74)
Hemoglobin (n = 641)* 0.010
Normal (>12) 112 32 (28.57) 1
Anemia (<12) 529 220 (41.59) 1.80 (1.15-2.83)

*Missing data for BMI and hemoglobin, which affected over 25% of the sample, were automatically excluded
from the GLMM analysis, resulting in a final complete-case dataset of n = 641 for the regression analysis.

DISCUSSION

It was observed that more than half
of the DFU patients were female. The
gender distribution in this study differed
slightly from that of previous studies, with
females constituting 55.4% of patients in a
Jakarta-based study,?® 36.2% in an Aceh
study?” and 51.2% in another Jakarta
study.?® The higher prevalence of DFU in
females may be attributed to both biological

and behavioral factors.?’ Biological ones
can help explain the pattern, as women with
diabetes are often more prone to renal
insufficiency and different microvascular
hemodynamics compared to men, which
can impair wound healing and increase
susceptibility to foot ulcers.?® Behaviorally,
women may face unique challenges related
to therapeutic footwear acceptance; foot
self-care adherence studies show that
women report worse general health and
lower internal locus of control regarding
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ulcer prevention.’! The mean age of the
respondents was 60.98 (£10.42), which
aligned with previous research in Indonesia
indicating a mean age of 61 (IQR: 13; 27-
85).2 Among the total sample of 859
patients with DFU, 266 (30.97%) had
gangrene, while 593 (69.03%) did not. The
findings were comparable to those of earlier
studies, which indicated that ulcers with
Wagner grades 4-5 were prevalent in
Indonesia (41.31%)3? and that 35% of PVD
patients in India presented with gangrene.*

In this study, patients with a history
of DFU exhibited a 3.59-fold increased risk
of developing gangrene. Prolonged
diabetes duration heightens this risk due to
impaired wound healing mechanisms,
including endothelial dysfunction and the
accumulation of advanced glycation end-
products.** Chronic inflammation, characterized
by elevated pro-inflammatory cytokine
levels, further contributes to the non-
healing of wulcers and may lead to
gangrene.>

The prevalence of gangrene in
diabetic foot ulcers was 3.35 times greater
in patients undergoing insulin therapy
compared to those not receiving insulin.
This association may reflect the fact that
insulin therapy is often prescribed for
patients with more severe or longer-
standing diabetes, who are inherently at
higher risk for complications such as DFU
and gangrene.’®*” The need for insulin
therapy typically indicates a more advanced
stage of diabetes.’®# Insulin therapy is
generally initiated when oral drugs and
lifestyle modifications fail to control
hyperglycemia, signifying disease
progression.*! Moreover, insulin therapy
has been associated with inflammation and
atherosclerosis, exacerbating diabetes-
related complications.*> Such therapy
markedly enhanced the wound healing rate
30.3% compared to 9.8%. A previous study
indicated that insulin treatment correlated
with an increased likelihood of complete
recovery, and that systemic insulin therapy
could enhance wound healing in diabetic

ulcers, provided that several aggravating
variables were considered.®’

Gangrene occurrence in DFU was
2.22 times greater in patients with renal
disease, which can be explained by the
systemic effects of chronic kidney disease,
including impaired immune response, poor
wound healing, and vascular dysfunction,
all of which increase susceptibility to
severe foot complications.***  Both
chronic kidney disease (CKD) and DFU are
common complications of diabetes,
affecting up to 40% and 19-34% of diabetic
patients respectively over their lifetime.
CKD severity correlates with an increased
risk of DFU and its adverse outcomes,
including gangrene.*® CKD is a significant
predictor of mortality in patients with
gangrene, particularly among those
undergoing dialysis.*’*® Tt contributes to
vascular dysfunction, impairs immune
responses, and increases susceptibility to
infections that can precipitate gangrene.*’
In addition, renal illness impairs immune
functions, heightening vulnerability to
infections that may trigger or exacerbate
gangrene.*’

Gangrene in DFU was 1.87 times
more prevalent among patients of normal
weight or underweight ones, compared to
overweight or obese individuals. Previous
studies have suggested that pressure ulcer
risk, a precursor to gangrene, is highest
among underweight individuals and lowest
in overweight patients.’® Weight gain
associated with insulin use is driven by
anabolic effects, increased appetite and
reduced glycosuria. Insulin therapy
correlates with heightened cardiovascular
risks and mortality in type 2 diabetes
patients, alongside inflammation,
atherosclerosis, hypertension and
dyslipidemia.*> Additionally, lower BMI is
linked to the increased prevalence of
peripheral artery disease (PAD), a known
risk factor for DFU and gangrene, as it
impairs circulation and delays wound
healing.! ~ Furthermore,  underweight
patients may have a weakened immune
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response, making them more vulnerable to
infections such as methicillin-resistant
Staphylococcus aureus (MRSA), which can
lead to osteitis and gangrene.*

Patients without hypertension had a
1.68-fold  increased  likelihood  of
developing gangrene. Biologically,
hypertensive patients often receive long-
term antihypertensive therapy, including
ACE inhibitors or angiotensin receptor
blockers, which improve endothelial
function and microvascular circulation,
potentially reducing tissue ischemia and
gangrene risk in diabetic patients.’
Behaviorally, patients diagnosed with
hypertension tend to engage more regularly
with healthcare services, including foot
examinations, thereby enabling earlier
detection of foot lesions before progression
to gangrene.>* Moreover, the absence of a
hypertension diagnosis may reflect lower
healthcare engagement or undetected
comorbidities, delaying foot-ulcer
recognition and increasing the risk of
advanced complications.>*

Strengths and limitations of the study

The strength of this study lies in its
comprehensive data collection and the
inclusion of all eligible samples through
hospital-based  consecutive  sampling,
which ensured precise and systematic
analysis. The application of a robust
analytical framework, including a GLMM
that accounted for clustering by residential
area, enhanced the reliability of the results
and reduced potential bias. These
methodological strengths support the
generalization of the findings to similar
populations, thereby increasing external
validity.

However, several limitations should
be acknowledged. First, the sample may not
be fully representative of the entire
Indonesian population, as data were
collected exclusively from one hospital on
Java Island, which may have introduced

sampling bias, thus limiting
generalizability. Second, some behavioral
and occupational predictors, such as
patients’ occupations, foot care practices,
and lifestyle behaviors, were not captured
in the analysis. The absence of these
variables may have influenced the observed
associations. Although a large amount of
data was initially missing, this did not affect
the analysis because the final sample used
in the model was complete and contained
no missing values. Finally, although data
completeness was prioritized, some degree
of missing information may have affected
the precision of the estimates. Despite these
limitations, the study provides valuable
insights into DFU risk factors in Indonesia
and highlights the need for multicentre
studies across other Indonesian regions
incorporating behavioral and occupational
variables to strengthen the evidence base.

CONCLUSION

Nearly one-third of DFU patients in
Indonesia are diagnosed with gangrene. A
previous history of DFU, insulin therapy,
renal disease, and lower body mass index
(normal or underweight) were shown to be
significant predictors of gangrene, while
hypertension appeared to have a protective
association. The study findings have
important clinical and public health
implications. The identification of risk
factors such as prior DFU, insulin therapy,
renal disease, low or normal BMI, and the
absence of hypertension can help
healthcare providers stratify patients
according to their risk of developing
gangrene. Early screening and targeted
interventions  for high-risk  patients,
including optimized glycemic control,
regular foot examinations, patient
education on footcare, and management of
comorbidities, can potentially reduce the
incidence of gangrene and subsequent
amputations. At the population level, the
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findings highlight the need for public health
programs in Indonesia to prioritize
preventive care for diabetic patients,
particularly in regions with high DFU
prevalence, and to implement educational
campaigns emphasizing early detection,
self-care and timely medical consultation to
improve outcomes and reduce healthcare
costs.
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