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INTRODUCTION
Diabetic foot ulcer infection (DFUI) is a complication 

of diabetes mellitus resulting from uncontrolled blood glucose 
levels. Elevated blood glucose levels lead to nerve damage, 
rendering the patient incapable of feeling pain in the wound. 
Additionally, high glucose levels hinder the flow of nutrient- 
and oxygen-rich blood to the wound, slowing down the healing 
process. Deterioration of the ulcer may eventually lead to lower 
extremity amputation (LEA) in the patient, with approximately 

20% of DFUI cases requiring this intervention. Apart from 
LEA, DFUI increases the cost of hospital care. The Indonesian 
government spends around $1,040 annually per patient on 
treating DM patients with DFUI in hospitals [1]. In line with 
several studies, Driver et al. [2] in the United States noted 
that diabetic foot ulcer (DFU) patients incur treatment costs 
five times higher than patients without DFU. Alavi et al. [3] 
reported an average cost of $44,790 per patient for lower limb 
amputation and subsequent rehabilitation treatment. Earlier 
studies by Borsse’n (1990) and Moss (1992) reported that 
DFU patients incurred significant treatment costs compared to 
non-DFU patients, primarily due to prolonged hospitalization 
resulting in the development of complications such as infection, 
acute ischemia, and gangrene [4]. DFUI can affect 19%–34% 
of DM patients, with its incidence increasing in line with the 
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ABSTRACT
Diabetic foot ulcer infection (DFUI) is a frequent complication among diabetic patients, with the highest mortality 
rate worldwide. This study aims to identify factors that affect mortality in DFUI patients. The cross-sectional study 
was conducted at Cipto Mangunkusumo Hospital (RSCM), Jakarta, Indonesia. Medical records of 259 DFUI 
inpatients were collected from January 2019 to December 2022. The patient outcome observed was mortality. Most 
of the DFUI patients were women (52.1%), with Type 2 Diabetes Mellitus (T2DM) (98.5%), with a mean age of 
59.65 ± 10.83 years and a duration of DM of 9.03 ± 7.29 years. The mean BMI was 24.85 ± 4.95 kg/m2, with 38.6% 
of patients smoking. Comorbidities included hypertension (51.4%), peripheral artery disease (51.4%), dyslipidemia 
(34.7%), and CAD (14.3%). The majority (64.1%) had severe infection. Severe infection and CAD both elevated 
mortality risk by 5.202 times (95% CI, 1.397–19.375) (p = 0.014) and 5.578 times (95% CI, 2.037–15.272)  
(p = <0.001) compared to those without severe infection or CAD. Dyslipidemia elevated mortality risk by 2.309 
times (95% CI, 0.881–6.057) (p = 0.089). This study showed factors that affect mortality in DFUI patients are 
severity of infection, CAD, and dyslipidemia, which is in accordance with various studies conducted worldwide.
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affecting mortality in DFUI at the national referral hospital in 
Jakarta, Indonesia. 

MATERIALS AND METHODS

Study design and ethical approval
This is an observational study using a retrospective 

cross-sectional design. It was conducted at Dr. Cipto 
Mangunkusumo Hospital (RSCM), a national referral hospital 
located in Jakarta, Indonesia. Data for DFUI patients were 
collected from January 2019 to December 2022. Infections 
severity grading based on the IWGDF/IDSA guideline 2023 
[20]. A total of 259 eligible DFUI patients, with ulcers ranging 
from no infection to severe infection grade, were included in 
this study. Data were extracted from patient medical records 
obtained from the admission medical record unit, electronic 
health records (EHRs), hospital integrated system, and the 
foot registry system in the metabolic endocrine division. 
Primary and secondary diagnoses of DFI were accessed from 
EHR. Approval for this study was granted by the Ethical 
Committee of RSCM-Faculty of Medicine, Universitas 
Indonesia, with the reference number KET-1192/UN.F1/
ETIK/PPM.00.02/2022. 

Population and sample
The population in this study comprises all DFUI 

patients. The inclusion criteria for this study are DFUI patients 
hospitalized from January 2019 to December 2022; aged >18 
years; and including all grades of ulcers with at least one period 
of in-hospital admission. The exclusion criteria comprise 
incomplete medical records, patients not registered in the foot 
registry, those not classified as DFUI patients and incomplete 
clinical data. Secondary data were obtained from patient 
medical records and the foot registry, with DFUI diagnosis 
based on ICD-10 codes: E.10.5, E.11.5, and E11.9.

The sample size for this study was determined using 
a formula for a cross-sectional design, with the following 
parameters: 

The prevalence of mortality in DFUI cases (P) is 
10.7% [21]; the value of  represents the statistical confidence 
level (1.96) at a 95% confidence level (95% CI); and the margin 
of error (d) is 5%. This gives the following calculation formula:

2
(1 )

2

   (1 ) 


Z x P P
N

d

where
N  = sample size
Z(  = the statistical confidence level for a 95% CI
P  = the proportion of DFUI patients with high-grade 

ulcers who experience 
 mortality	
  d = margin of error. 
Based on the sample calculation, the number of 

samples meeting the criteria is 147 individuals. The number of 
samples meeting the inclusion criteria is 259 individuals. In line 
with the study by Chen [22], it stated that the model’s predictive 
performance data with 100+events do not need to be validated.

progression of the disease’s complexity. A study by Ndosi et al. 
[5] reported inadequate outcomes in DFU patients, particularly 
those with diabetes-related DFU, based on a large prospective 
study. By the year’s end, only 46% of patients had healed from 
ulcers (with recurrence in 10% of cases), 15% had died, and 
17% had undergone LEA. 

 The deterioration of DFU patients’ conditions is 
associated with various risk factors, including comorbidities 
and simultaneous infection developments, during prolonged 
hospitalizations, thus impacting the clinical outcomes of 
DFUI patients [6]. Previous studies have also reported that 
complications in DFU patients, particularly long-term vascular 
complications, are risk factors for DFU onset [4], occurring 
in up to 90% of DFU patients [7]. For instance, the incidence 
of peripheral neuropathy is relatively high at 3% among DFU 
patients, while renal dysfunction is confirmed at 25.7% [8]. 
Additionally, peripheral artery disease (PAD) contributes to 
inducing hypoxia in the circulation of the lower extremities, 
leading to ulcer onset. In this regard, PAD and neuropathy are 
highly effective predictors of amputation in DFUI patients 
[9]. This is further supported by the EURODIALE study’s 
findings, which identified PAD as an independent predictor of 
non-healing wounds in 23% of DFU patients during a 1-year 
follow-up [10]. A retrospective study covering the period from 
2,000 to 2,009 in China reported risk factors for amputation 
in DFU patients, including PAD, elevated white blood cell 
count (WBC), high-sensitivity C-reactive protein, and lower 
lipid levels [11]. Meanwhile, the most common comorbidities 
in DFU patients are hypertension, ischaemic heart disease, and 
cerebrovascular disease [12].

Amputation is a significant risk factor assessed in 
DFUI patients. A national study in Scotland from 2018 to 
2021 reported that DFUI patients faced a heightened risk 
of amputation compared to patients without ulcers, with an 
amputation-free survival rate of 84.5% over 2 years. DFUI 
patients with healed ulcers have a lower amputation-free 
survival rate over 2 years compared to those without previous 
ulcers [13]. Additionally, infection leads as a risk factor for 
short-term amputation in hospital-admitted DFUI patients [14]. 
A longitudinal study involving 1,666 diabetic patients showed 
a heightened risk of amputation associated with increasing 
severity of infection [15].

DFUI is also frequently associated with mortality in 
DM patients. Complications and mortality in DFUI patients are 
closely related to disease severity. Wound progression increases 
the risk of further wound progression, leading to amputation, 
and if left untreated, may result in death [16]. The mortality 
rate attributable to DFUI within 5 years ranges from 50% to 
70% [17]. A prospective nonrandomized cohort study in a 
Mediterranean country (Central Greece) reported a mortality 
rate of 17.5% over a 12-month period [18]. Similarly, a study 
in Indonesia showed that the mortality rate for DFUI patients 
reached 10.7% over a 3-year observation period [19]. One 
approach to reducing the mortality rate in DFUI patients is to 
identify the factors affecting mortality in DFUI based on the 
characteristics of the DM population in Indonesia. There have 
been limited recent studies concerning DFUI outcomes. Based 
on these problems, the aim of this study is to analyze the factors 
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Demographic data
The demographic data included age, sex, occupation, 

family status, education, and type of insurance used. 
Anthropometric data included the duration of DM, determined 
from the time of diagnosis based on the 2019 ADA criteria, 
which include fasting blood sugar levels ≥126 mg/dl; a 2-hour 
oral glucose tolerance test ≥200 mg/dl; a hemoglobin A1c 
test ≥6.5% using standardized NGSP and DCCT methods; or 
examination of plasma glucose when ≥200 mg/dl with classic 
complaints or hyperglycaemic crisis (11.1 mmol/l) [23]. Body 
mass index values were calculated based on the patient’s body 
weight and height, adjusted for body surface area [24–26]. 
History of DFUI, amputation type including major and minor 
amputation, and smoking were obtained from the patient’s 
medical history (anamnesis).

Physical examination
PAD was defined by ankle-brachial index scores of 

less than or equal to 0.9 or above, vascular ultrasound results, 
and/or CT angiography results. Hypertension was defined by a 
blood pressure greater than 140/90 or a history of hypertension, 
while dyslipidemia was defined by an abnormal lipid profile 
with a triglyceride level of 150 mg/dl, an LDL level of 100 mg/
dl, an HDL level of 50 mg/dl, or a history of dyslipidemia [27]. 
CAD was defined as a type of heart disease where the arteries are 
unable to deliver oxygen-rich blood to the heart based on ECG 
(Electrocardiogram) or coronary intervention confirmation.

Laboratory examination
HbA1c represents the percentage of glucose bound to 

hemoglobin in the blood, with a treatment target value of <7 
[26,28]. An initial HbA1c value ≥6.5 (48 mmol/mol) indicates 
the onset of diabetes, prompting hospitalization for the patient 
[28]. An HbA1c value >7% indicates uncontrolled glycaemic 
status [29]. Random blood glucose (RBG) is the blood glucose 
level at any given time, which can vary depending on the 
nutritional intake entering the body.

Leukocytes, also known as WBCs, aid the body 
in fighting various infectious diseases as part of the immune 
system. When the leukocyte count is >12,000/mm3 or 4 G/l, or 
when >10% of immature forms are present [30,31], it indicates 
leukocytosis. Leukocytosis, characterized by a leukocyte count 
> 10 × 103/ μl, clinically indicates the presence of inflammation 
in the body. 

Wound and infection assessment
The characteristics of foot ulcers consist of ulcer grade 

and infection grade following the IWGDF/IDSA consensus 
classification [29,31,32].

Outcome analysis
The clinical outcomes observed in this study are 

mortality, amputation, and length of stay (LOS). The primary 
outcome variable in this study is mortality, defined as the 
number of deaths occurring during hospitalization, identified 
based on death records recorded in the patient’s vital status 
report in the medical records. 

The clinical outcomes of amputation and LOS serve 
as independent variables that act as predictive factors for 
mortality in DFUI patients. Amputation refers to the number 
of amputations during hospitalization. LOS is the duration of 
a patient’s hospital stay, from admission until discharge home.

Statistical analysis
All statistical analyses were conducted using IBM 

SPSS Statistics, version 28, and Microsoft Excel version 16.75.2, 
licensed 2019 for Mac. The initial stage of data analysis involved 
frequency analysis to determine the number and percentage 
of cases descriptively presented in various categories such as 
age, sex, education level, occupation, family status, insurance, 
PEDIS ulcer grade, severity of infection, type of diabetes, 
duration, BMI, smoking status, comorbidities, and amputation 
status. Continuous variables such as LOS were calculated and 
presented as total value, mean, and standard deviation. Data 
were presented as mean values (standard deviation, SD) and 
median (min–max). Independent variables in this study were 
transformed into nominal scale with binomial categories. 
Bivariate analysis was performed using the chi-Square test, 
with mortality as the dependent variable. Subsequently, all 
variables with a p-value < 0.25 were included in the full model 
multivariate analysis using the backward stepwise LR method. 
The logistic regression test using the backward stepwise LR 
method was conducted by including all variables in the model 
and removing independent variables one by one. In the final 
modeling stage for the cross-sectional study, variables with a 
p-value < 0.05 were included in the multivariate analysis. If 
the variable had the highest OR value, it was considered to 
influence the dependent variable. Therefore, the results of the 
multivariate analysis for variables with a p-value < 0.05 were 
considered predictive factors for mortality in DFUI patients.

The backward (step-down) selection approach 
includes all candidate variables. The model begins with all 
candidate variables. At each phase, the variable with the least 
significance is eliminated. If no nonsignificant variables are left, 
this process will stop. The user sets the significance threshold 
for eliminating variables from the model [33].

RESULTS
This study involved 259 DFUI patients who met the 

inclusion criteria and were evaluated retrospectively. Secondary 
data were obtained from patient medical records from January 
2019 to December 2022, based on ICD-10 diagnoses. Patients 
who were readmitted due to recurrent ulcers were excluded from 
the study criteria. Sociodemographic data are presented in Table 1.

The majority of patients were over 50 years old, 
with females comprising 52.1% of the sample. Nearly 60% 
of patients were unemployed (primarily retired individuals 
and homemakers), while 74.9% were married. Educationally, 
82.2% had attained some level of education, and healthcare 
expenses were covered by the government through the National 
Health Insurance (JKN) for 96.9% of patients. Based on 
Table 2, a majority of the patients were diagnosed with Type 
2 Diabetes Mellitus (T2DM) (98.5%), with a diabetes duration 
exceeding 5 years (58.3%). The grade of infection is directly 
proportional to the ulcer grades, namely severe infection 
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grade (64.1%) and high-grade ulcers (≥ Grade 3) (54.8%). 
Interestingly, however, non-smoking patients accounted 
for a higher percentage compared to those with a history of 
smoking, at 61.4%. The most common comorbid conditions 
included hypertension (51.4%), CAD (14.3%), PAD (51.4%), 
and dyslipidemia (34.7%). Meanwhile, laboratory test results 
for blood glucose levels indicated that the majority of patients 
had an RBG level of ≥200 mg/dl (53.3%). Patients admitted 
to the hospital with serious infection conditions, indicated by 
a high leukocyte count of >12,000 mm3, accounted for 74.9% 
of cases. More than 50% of patients exhibited an HbA1c value 
>7% (50.2%). Furthermore, BMI calculations revealed that 
almost 60% had a BMI of ≥23kg/m2 (59.5%). Nearly half of 
the patients underwent amputation during the treatment period, 
44.8%, while 57.9% had a LOS of less than 20 days. 

Variables with a p-value < 0.25 were included in the 
backward elimination analysis, and binary logistic regression 
in multivariate analysis (Table 3). The variables included were 
severity of infection, CAD, PAD, dyslipidemia, blood glucose 
level, leukocyte level, BMI, and amputation. Variables with a 
p-value > 0.25 were not included in the model.

Predictors of mortality
The severity of infection and comorbid conditions 

affect the primary outcome, which is mortality. The odds ratio 
values for the risk factors for mortality are as follows: severity 
of infection 5.202 (95% CI; 1.397–19.375), p = 0.014), CAD 
5.578 (95% CI; 2.037–15.272), p < 0.001), and dyslipidemia 
2.309 (95% CI; 0.881–6.057), p = 0.089). In this study, DFUI 

Table 1. Demographic characteristic of the subjects.

Characteristics DFUI patients (N = 259)

Total, n (%)

  Sex, n (%)

Male 124 (47.9)

Female 135 (52.1)

Age (years), n (%), mean ± SD 59.65 ± 10.83

Adult (<60 years) 120 (46.3)

Elderly (≥60 years) 139 (53.7)

  Occupation, n (%)

Employee 105 (40.5)

Unemployee 154 (59.5)

  Marital status, n (%)

Married 194 (74.9)

Unmarried 65 (25.1)

  Education, n (%)

Educated 213 (82.2)

Non educated 46 (17.8)

  Insurance, n (%)

National Health Insurance (JKN) 251 (96.9)

Non JKN 8 (3.1)

Notes, JKN = Jaminan Kesehatan Nasional (National Health Insurance). DFUI 
= Diabetic Foot Ulcer Infection

Table 2. Clinical characteristic of the subjects. 

Characteristics DFUI patients  
(N = 259)

Total, n (%)
  Type of diabetes, n (%)
Type 1 4 (1.5)
Type 2 255 (98.5)
Duration of diabetes (years), n (%), mean ± SD 9.03 ± 7.29
>5 years 151 (58.3)
≤5 years 108 (41.7)
  Severity of infection, n (%)
Severe 166 (64.1)
Non-severe 93 (35.9)
  Ulcer grades, n (%)
≥Grade 3 142 (54.8)
<Grade 3 117 (45.2)
  Smoking history, n (%)
Yes 100 (38.6)
No 159 (61.4)
Hypertension, n (%)  249 (96.1)
Yes 133 (51.4)
No 116 (44.8)
Coronary artery disease (CAD), n (%) 228 (88.0)
Yes 37 (14.3)
No 191 (73.7)
Peripheral artery disease (PAD), n (%) 247 (95.4)
Yes 133 (51.4)
No 114 (44.0)
Dyslipidemia 223 (86.1)
Yes 90 (34.7)
No 133 (51.4)
Blood glucose level, n (%), mean ± SD 251.72 ± 154.42 
  n = 256 (98.8%)
≥200 mg/dl 138 (53.3)
<200 mg/dl 118 (45.6)
Leucocyte Level, n (%), mean ± SD 19,970.71 ± 10,218.09
  n = 256 (98.8%)
>12,000 mm3 194 (74.9)
≤12,000 mm3 62 (23.9)
BMI (kg/m2), n (%), mean ± SD 24.85 ± 4.95
≥23 kg/m2 154 (59.5)
<23 kg/m2 105 (40.5)
HbA1C, n (%), mean ± SD 8.68 ± 2.41
  n = 191 (73.7%)
>7% 130 (50.2)
≤7% 61 (23.6)
  Mortality, n (%)
Yes 35 (13.5)
No 224 (86.5)
  Amputation, n (%)
Yes 116 (44.8)
No 143 (55.2)
Length of stay (LOS) (days), n (%) 19.85 ± 10.79 
<20 days 150 (57.9)
≥20 days 109 (42.1)

Notes, BMI = Body Mass Index. HbA1C = Hemoglobin A1C (glycated 
haemoglobin, glycosylated haemoglobin). DFUI = Diabetic Foot Ulcer Infection.
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Table 3. Bivariate analysis for factors related to mortality. 

Variables Mortality OR 95%CI p-value

Yes No

  Sex, n (%)

Male 16 (12.9) 108 (87.1)
0.904 (0.443–1.849) 0.926

Female 19 (14.1) 116 (85.9)

  Age (years), n (%)

Adult (<60 years) 16 (13.3) 104 (86.7) 0.972 (0.475–1.986) 1.000

Elderly (≥60 years) 19 (13.7) 120 (86.3)

  Occupation, n (%)

Employee 13 (12.4) 92 (87.6) 0.848 (0.406–1.769) 0.799

Unemployee 22 (14.3) 132 (85.7)

  Family status, n (%)

Married 29 (14.9) 165 (85.1) 1.728 (0.683–4.371) 0.338

Unmarried 6 (9.2) 59 (90.8)

  Education, n (%)

Educated 26 (12.2) 187 (87.8) 0.572 (0.248–1.319) 0.277

Non educated 9 (19.6) 37 (80.4)

  Insurance, n (%)

National Health Insurance (JKN) 34 (13.5) 217 (86.5) 1.097 (0.131–9.195) 1.000

Non JKN 1 (12.5) 7 (87.5)

  Type of diabetes, n (%)

Type 1 1 (25.0) 3 (75.0) 2.167 (0.219–21.434) 1.000

Type 2 34 (13.3) 221 (86.7)

  Duration of diabetes (years), n (%)

>5 years 24 (15.9) 127 (84.1) 1.666 (0.779–3.567) 0.254

≤5 years 11 (10.2) 97 (89.8)

  Severity of infection, n (%)

Severe 29 (17.5) 137 (82.5) 3.069 (1.224–7.696) 0.022*

Non-severe 6 (6.5) 87 (93.5)

  Ulcer grades, n (%)

≥Grade 3 22 (15.5) 120 (84.5) 1.467 (0.704–3.056) 0.399

<Grade 3 13 (11.1) 104 (88.9)

  Smoking status, n (%)

Yes 14 (14.0) 86 (86.0) 1.070 (0.517–2.215) 1.000

No 21 (13.2) 138 (86.8)

  Hypertension, n (%)

Yes 20 (15.0) 113 (85.0) 1.290 (0.619–2.685) 0.620

No 14 (12.1) 102 (87.9)

  Coronary artery disease (CAD), n (%)

Yes 11 (29.7) 26 (70.3) 3.617 (1.556–8.408) 0.004*

No 20 (10.5) 171 (89.5)

  Peripheral artery disease (PAD), n (%)

Yes 25 (18.8) 108 (81.2) 2.701 (1.204–6.058) 0.022*

No 9 (7.9) 105 (92.1)

  Dyslipidemia

Yes 14 (15.6) 76 (84.4) 2.043 (0.882–4.733) 0.140*

No 11 (8.3) 122 (91.7)

Continued
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DISCUSSION
This study aims to determine the predictive factors 

and treatment outcomes of DFUI affecting the mortality of 
DFUI patients in Indonesia. We identified DFUI patients 
who were the subjects of the study, with an average age of 
59.65 years (SD ± 10.83 years). This result is not significantly 
different from that reported by Yunir et al. [36], which 
was 61 years. Furthermore, the subjects of this study were 
predominantly elderly patients, accounting for 53.7%. This 
finding is consistent with that of Lo et al. [37], with an age 
range of 55–75 years at 74.7%, and Lu et al. [38], with an age 
range of 55–85 years at 86.1%. Other studies have reported an 
increased risk of mortality per year with a positive correlation 
between mortality and advanced age, with significant results 
(mean age 71 ± 10 years) compared to surviving patients (63 
± 13 years; p < 0.01) [36], and an increased risk of 1.08 times 
per year (95% CI; 1.06–1.11, p = 0.001) compared to adult 
DFUI patients [39]. 

As shown in Table 1, the research subjects were 
predominantly female, comprising 52.1%, with males at 
47.9%, consistent with the findings of Yunir et al. [29], 
where the percentage of males was 48.8%. However, this 
contrasts with previous studies by Aviatin et al. [40], which 
had a majority of male subjects at 52.2%, and Lo et al. [37], 
where 64.4% of subjects were male. The gender variable 
difference remains a controversial topic in the development 
of DFUI treatment. According to Al-Rubeaan et al. [41], the 
higher prevalence among males is due to limitations in joint 

patients with severe infection and comorbid CAD have a high 
risk of mortality with a p-value < 0.05, as shown in Table 4. 
This indicates that DFUI patients with CAD are at a 5.578 
times higher risk of mortality compared to non-CAD DFUI 
patients. This finding is consistent with a study by Rastogi et al. 
[34] in India, reporting CAD as the most common risk factor 
contributing to mortality in DFU patients at 20% (p = <0.001). 
This result aligns with studies reporting a positive correlation 
between increased leukocyte levels (11.75 × 109 cells/l) in 
patients with amputation compared to non-amputation patients, 
which was 8.83×109 cells/l [35].

Variables Mortality OR 95%CI p-value

Yes No

  Blood glucose level, n (%), mean ± SD

n = 256 (98.8%)

≥200 mg/dl 15 (10.9) 123 (89.1) 0.598 (0.291–1.228) 0.219*

<200 mg/dl 20 (16.9) 98 (83.1)

  Leucocyte Level, n (%), mean ± SD

n = 256 (98.8%)

> 12,000 mm3 30 (15.5) 164 (84.5) 2.652 (0.896–7.853) 0.108*

≤ 12,000 mm3 4 (6.5) 58 (93.5)

  BMI (kg/m2), n (%), mean ± SD

≥23 kg/m2 26 (16.9) 128 (83.1) 2.167 (0.971–4.836) 0.083*

<23 kg/m2 9 (8.6) 96 (91.4)

  HbA1C, n (%), mean ± SD

>7% 15 (11.5) 115 (88.5) 0.864 (0.345–2.163) 0.941

≤7% 8 (13.1) 53 (86.9)

  Length of stay (LOS) (days), n (%)

<20 days 20 (13.3) 130 (86.7) 0.964 (0.469–1.981) 1.000

≥20 days 15 (13.8) 94 (86.2)

  Amputation, n (%)

Yes 11 (9.5) 105 (90.5) 0.519 (0.243–1.111) 0.127*

No 24 (16.8) 119 (83.2)

*p < 0.25, OR, Odds ratio. 

Table 4. Multivariate analysis of factors affecting mortality in DFUI 
patients. 

Variables aOR (95% CI) p-value

  Severity of infection

Severe 5.202 (1.397–19.375) 0.014**

Non-severe (reference)

  Coronary artery disease (CAD)

Yes 5.578 (2.037–15.272) <0.001***

No (reference)

  Dyslipidemia

Yes 2.309 (0.881–6.057) 0.089

No (refere nce)

Notes, aOR = adjusted Odds ratio. CI = Confidence interval.**p < 0.05. ***p < 
0.001. Analyzed using Backward stepwise selection. 
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In a previous cross-sectional study of 123 DFU patients at 
RSCM, Jakarta, Indonesia, from 2010 to 2015, the duration 
of diabetes was reported with a median value and interquartile 
range (IQR) of 5 (2–12) years [29]. However, these figures 
may not be entirely accurate due to the underdiagnosis of 
diabetes mellitus cases in Indonesia, where many individuals 
are unaware of or undiagnosed with the condition. The 
prevalence of diabetes mellitus in Indonesia stands at 1.5% 
with a CI (1.5–1.5, 95% CI) [51].

Another characteristic obtained in this study is the 
BMI value of DFUI patients, which is 24.85 ± 4.95 (kg/m2). 
This result is consistent with research by Yunir [47], which 
reported a BMI value of 24.7 (kg/m2) and a median of 25.1 (4.84; 
14.1–37.1, IQR; range) (kg/m2) [36]. Meanwhile, a prospective 
cohort study in Denmark involving 36 DFU patients reported 
a BMI value of 28.1 (kg/m2) [52]. The BMI value obtained in 
this study falls within the overweight category [24–26], which 
may contribute to an increased incidence of various diseases, 
with a positive correlation observed between mortality rates 
and comorbidity history [53]. 

Stratification and assessment of the DFUI ulcer 
grades in this study were based on the IWGDF 2019 guidelines 
[31,54]. The majority of DFUI patients’ wound conditions in 
this study were ≥Grade 3 (moderate to high) (54.8%) and 
<Grade 3 (low to very low) (45.2%). Regarding the severity of 
infection criteria, the study predominantly included patients 
with severe infection, accounting for 64.1%. This finding is 
consistent with a previous study by Pratama in 2022 [48], 
which categorized infections as moderate to severe (91.9%). 
The majority of patients treated at RSCM were referrals 
from primary and secondary healthcare facilities. This led 
to prolonged durations and processes for patients to receive 
appropriate treatment for their conditions, rendering them 
vulnerable to worsening conditions. Such exacerbation further 
complicates existing infections. 

The measurement of HbA1c levels obtained from 
laboratory tests was 8.68 ± 2.41 (mean ± SD) (%) with more 
than half the patients (50.2%) having levels >7%. This aligns 
with the findings from a retrospective cohort study at RSCM 
on DFU patients during the early stage and throughout one 
year of the COVID-19 pandemic, where the value was 8.0 
(6.8–10.2) (median, IQR) [27]. Next, based on the laboratory 
test results, the initial leukocyte count upon admission of 
DFUI patients was 19,970.71 ± 10,218.09 (mean ± SD) (/
mm3) in 256 DFUI patients (98.8%). This indicates a 
positive correlation with the severity of infection criteria, 
predominantly observed in patients with severe infection. 
The initial blood glucose level (random blood sugar) of 
DFUI patients was 251.72 ± 154.42 (mean ± SD) (mg/dl) 
among 256 DFUI patients (98.8%). This suggests that the 
majority of patients experienced uncontrolled blood sugar 
conditions with a random blood sugar level ≥200 mg/dl. 
This finding is not significantly different from the results of 
the study by Aviatin et al. [40], which reported a random 
blood sugar level of 232; 60–173 mg/dl (median; min–max). 
Uncontrolled blood sugar levels are the primary cause of LEA 
[49]. Moreover, chronic hyperglycemia conditions trigger 
an increase in the virulence of several pathogens, reduced 

mobility and higher foot pressure, as well as lower awareness 
of foot care compared to females. However, a multi-centre 
study by Dinh and Veves [42]  stated that with neuropathy, 
the risk of deterioration due to DFUI in females would be the 
same as that in males. The reported mortality rates for both 
genders show percentages that are not significantly different, 
at 30% and 25% [43]. Furthermore, 74.9% of the research 
subjects were married, with 82.2% having an educational 
background (ranging from elementary to higher education). 
This is consistent with the findings reported by Muhammad 
et al. [44], where over 60% of patients, namely 61.1%, were 
married and had received formal education ranging from 
elementary to higher education, at 65.6%. The majority 
of subjects in this study were unemployed, comprising 
homemakers and retirees at 59.5%. Other studies also 
indicate a relationship between education and occupation 
and DFU. Patients with low education and unemployment 
(especially housewives) are at higher risk of developing 
DFU. This is because the patient’s awareness of the risk of 
DFU is low, at only 39.5%, which can result in mortality 
[45]. Comprehensive therapeutic education related to DFU 
for DM patients needs to be improved because it can reduce 
the risk of mortality (OR 0.0096; 95% CI, 0.22–0.410; p = 
0.0016) [46]. DFUI patients treated at RSCM overall are 
participants in the JKN programme, accounting for 96.9%. As 
a national referral hospital, RSCM facilitates the treatment 
of DFUI patients, where all treatment costs for these patients 
are covered by the Indonesian government. This is consistent 
with previous research by Yunir [47], where 85.3% of DFUI 
patients treated at RSCM used JKN as coverage insurance.

Almost all DFUI patients treated at RSCM, 
as indicated in Table 2, had more than one history of 
comorbidities upon admission (hospitalization). Sequentially, 
some of the comorbidities experienced by DFUI patients were 
hypertension (51.4%), PAD (51.4%), dyslipidemia (34.7%), 
and CAD (14.3%). These results are not significantly different 
from those of Yunir et al. [36], where hypertension and CAD 
were the most common comorbidities at 67.3% and 17.6%, 
respectively. Furthermore, a previous study by Aviatin et al. 
[40] also reported hypertension (75.2%) and dyslipidemia 
(46.9%), while Pratama’s study [48] reported dyslipidemia 
(86.7%), hypertension (63.0%), PAD (55.6%), and community-
acquired pneumonia (21.5%). Pemayun et al. [49] reported 
a prevalence rate of PAD cases in DFUI patients at 40.4%, 
which is related to LEA caused by impaired wound healing 
due to inadequate circulation, and the occurrence of PAD 
(which does not present the possibility of revascularisation) 
significantly triggers the incidence of LEA (OR 6.80; 95% CI 
2.67–17.32; p < 0.001).

The clinical characteristics of DFUI patients are 
outlined in Table 2, where the majority are diagnosed with 
type 2 diabetes (98.5%), with an average diabetes duration 
of 9.03 years (SD ± 7.29 years). Research by Yazdanpanah 
et al. [50] reported that the type and duration of diabetes 
are associated with mortality in DFU. Patients with type 
2 diabetes who receive insulin therapy are at higher risk of 
mortality, potentially due to these patients having longer-
standing diabetes diagnoses and more severe complications. 
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up to 58% in patients with new foot ulcers and PAD conditions, 
with infections accounting for 31% or one-third of the total 
sample [60]. Meanwhile, ulcer severity emerges as a significant 
predictor of mortality [61–63]. CAD stands out as the leading 
cause of death, as reported in a cohort study involving 2,880 
DFU and non-DFU patients, where more than 20% or one in 
five death cases attributed to infections occur more frequently 
in the DFU group [34]. The MEDFUN study in Nigeria also 
highlighted a close association between PAD and mortality, 
with statistically significant values (OR 2.252, 95%CI 1.278–
3.969; p = 0.005), along with severe clinical outcomes such as 
lower probability of healing, prolonged healing times, increased 
incidence of ulcer recurrence, and amputation [64]. Pre-
existing CAD and PAD conditions have been associated with 
mortality, as evidenced by a retrospective cohort study over 
3 years, with univariate analysis results of 30.6% and 36.7% 
respectively [65]. A recent study conducted in Arad (Romania) 
from 2020 to 2022 reported an increase in triglyceride levels 
as a mortality biomarker in DFUI patients, with significant 
findings for triglycerides (TG) (126.9 ± 56.2 mg/dl vs. 165.8 
± 79.0 mg/dl, p = 0.004) and total cholesterol (133.6 ± 43 mg/
dl vs. 164.6 ± 44.4 mg/dl, p = 0.002) [66]. Mader et al. (55) 
reported a correlation between poor glycaemic control and 
mortality; however, Rubio et al. [61] stated that DFUI patients 
without ischemia with HbA1c < 7% (53 mmol/mol) and HbA1c 
8% (64 mmol/mol) have the same risk of death, with HR 1.43 
(95% CI 1.02–2.0). In Indonesia, achieving controlled blood 
glucose and HbA1c levels in DFUI patients poses significant 
challenges due to various factors, including RSCM being 
the national referral hospital and the final referral for critical 
cases. Suboptimal hemoglobin levels and declining kidney 
function in patients post-blood transfusion further complicate 
emergency situations. In line with two previous studies, low 
medication adherence rates, low-income levels, and difficulties 
in accessing healthcare facilities due to demographic and other 
conditions contribute to the challenges of controlling blood 
glucose [19,67]. Consequently, RSCM often faces shortages of 
HbA1c reagents. 

In this study, the majority of DFUI patients (74.9%) 
exhibited high leukocyte counts, exceeding 12 × 103 cells/μl 
upon admission. Based on the IDSA/IWGDF classification, 
this indicates leukocytosis with severe infection and serves 
as an infection marker related to wound size, as consistently 
observed in previous studies where severe infection triggers 
systemic inflammatory response syndrome [29,68,69]. Results 
from an RCT study (SIDESTEP) also highlighted a significant 
association between elevated WBC and clinical failure, with a 
1.80 times increase with p <0.001 for every 1 standard deviation 
(2971 cells/mm3) in WBCs [70].

Our findings also indicate that BMI is another 
predictive factor affecting mortality. Over 50% of DFUI 
patients in our study exhibited high BMI and HbA1c values 
(≥ 23kg/m2 and >7%). In line with previous studies, high BMI 
values are associated with poor clinical outcomes, specifically 
delayed healing and amputation, which can impact mortality 
[19,71,72]. In contrast, a retrospective cohort study over 10 
years in Italy from 2009 to 2019 reported that low BMI is 
associated with end-stage chronic degenerative diseases such 

interleukin production in response to infection, decreased 
chemotaxis activity, phagocytosis, and polymorphonuclear 
leukocyte immobilization [55]. Uncontrolled HbA1c levels 
also contribute to increased mortality in DFU patients. 
Patients with uncontrolled blood sugar are 9.9 times more 
likely to experience mortality (95% CI 1.79–54.93) [56].

The clinical outcomes in this study, as shown in 
Table 2, include mortality as the primary outcome, followed 
by other clinical outcomes such as amputation and LOS. 
DFU and amputation serve as markers for the progression of 
diabetes stages [49]. Based on Table 2, the mortality rate is 
13.5%, consistent with the findings of Yunir et al. (36), who 
reported no amputation or mortality events in 222 patients 
(83.1%) DFU patients at high risk of ulceration. This is in line 
with the ADVANCE obesity paradox theory (2008) and Sohn 
(2012), which suggest that obese patients with diabetes can 
reduce mortality risk through various hypotheses, including 
better mobilization of progenitor cells, reduced thromboxane 
production contributing to cardiovascular disease resistance, and 
better wound healing aspects [36]. Aviatin et al. [40] reported 
a 10.6% amputation rate with 7–14 days of hospitalization for 
DFU patients. The amputation rate in this study was 44.8%, 
with a mean HbA1c value of 8.68%, with 50.2% categorized as 
>7%. This is consistent with a study in Turkey from December 
2019 to January 2021, which found a significant correlation 
(85%) between HbA1c values ≥10.1% and the development 
of PEDIS ulcer grade (Grade 3). Higher HbA1c values were 
statistically significantly associated with the progression of 
PEDIS ulcer grade (Grade 3) (p = 0.003) [57]. Amputation is 
recognized as a significant factor affecting mortality in DFU, 
as shown by various studies. A study on DFU in Spain in 2017 
indicated that amputation affects mortality, with patients who 
underwent amputation being 2.24 times more likely to die 
compared to those who did not [58]. Both minor and major 
amputations increase the risk of mortality by 1.85 times and 
2.96 times, respectively, in DFU patients [34]. Patients with 
a history of ulceration tend to have micro and macrovascular 
dysfunction, which subsequently impacts mortality [50]. 

The LOS in this study was 19.85 ± 10.79 (mean ± SD) 
days, with 57.9% of patients hospitalized for <20 days. This 
is consistent with studies conducted in several countries such 
as Singapore [37], Denmark [52], and China [38], where LOS 
ranged from 13.3 days to 18.10 ± 13.55 days (mean ± SD), 
depending on the severity of infection, severity of ulcer, and 
other existing complications. Lo et al. [37] reported LOS in 
DFU based on ulcer severity as ulcer-only, minor amputation, 
and major amputation, with mean values of 13.3, 20.5, and 59.6 
days, respectively. The LOS for diabetic patients with DFU 
involving >50% of the lower extremity ulcer is longer than 
those without ulcers [59]. Despite a doubling of hospitalization 
rates over a 25-year period, the average LOS has decreased over 
the same period, from 35.3 days to 10.7 days [2].

The bivariate test results presented in Table 3 show 
that severity of infection, CAD, PAD, dyslipidemia, RBG level, 
leukocyte level, BMI, and amputation have p-values < 0.25, 
meaning they significantly impact mortality in DFUI patients. 
Data from the EURODIALE study, which involved 1,229 
diabetic patients with new foot ulcers, reveal infection rates of 
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meta-analysis findings by Chen et al. [77] indicate that PAD 
influences mortality (HR 1.882, 95% CI 1.592–2.225) in DFU 
patients. The mortality rate attributable to minor amputations in 
diabetes and/or PAD patients is very high, reaching 3.5% in the 
first month, 20% in the first year, 28% in the third year, 44.1% in 
the fifth year, 51.3% in 6–7 years, and 58.5% in 8–9 years [78]. 
However, in our study, PAD was not identified as a risk factor 
for mortality, potentially due to limitations in data reporting, 
where PAD data was available for only 95.4% of cases. 

Limitation of the study
The study has several limitations that need to be 

acknowledged in the review. First, it is a retrospective cross-
sectional study that utilized secondary data extracted from 
the medical records of DFUI patients and foot registries. This 
approach leads to difficulties in controlling for information 
bias, such as incomplete sociodemographic and medical data 
of patients, potentially affecting the comprehensiveness of 
the obtained information because some of the transition data 
that we tracked manually does not match. Second, the study 
was conducted at a single hospital (RSCM), limiting its 
generalizability to Indonesia’s broader DFUI population. The 
short follow-up period may also affect the accuracy of mortality 
data analysis. Third, the majority of patients admitted to RSCM 
present with multiple comorbidities and highly complex 
conditions, warranting further investigation into related 
comorbidity factors. Nonetheless, the study exhibits notable 
strengths compared to others. First, its location at a hospital 
serving as a national referral center in Indonesia enhances 
the validity and diversity of the DFUI patient data collected. 
Patients admitted to this facility come from various regions 
across Indonesia, rendering the study results highly applicable 
as reference data.

CONCLUSION
The factors affecting mortality as a long-term 

outcome in DFUI patients treated at RSCM correlate with the 
findings from various studies conducted worldwide. Based 
on the multivariate analysis results, the severity of infection 
and CAD emerge as significant factors impacting mortality in 
DFUI patients. However, further studies are needed to explore 
other aspects influencing DFUI mortality. Gathering additional 
information through such studies would enable comparisons 
with the findings obtained in this study.
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as kidney and heart failure as predictors of mortality [73]. 
Amputation is considered a predictive factor for mortality, as 
underscored by recent research. In a study focusing on T2DM 
patients with high-risk ulcers, the adjusted hazard ratio for 
amputation or death was reported as 2.39 (95% CI 1.36–4.20; 
p = 0.003) [36]. In the group of patients with a history of ulcers, 
the occurrence of amputation or death followed a ratio of 
approximately 1:2, while in patients without prior ulcer history, 
this ratio was approximately 1:5. A study in Norway in 2017 
found that in T2DM patients with foot ulcers, the likelihood 
of amputation or death in univariate analysis was 3.12 times 
higher (95% CI 3.03–3.21) [74]. Furthermore, a cohort study 
conducted in Lazio from 2012 to 2015 yielded similar results. 
Mortality rates in patients undergoing major and minor LEAs 
in the first year were 33% and 18%, respectively, and by the 
fourth year, these rates increased to 65% and 45%, respectively 
[75]. Over a 12-year follow-up period, approximately 7 out of 
10 patients undergoing major lower limb amputation for the 
first time were reported to have died. This outcome is affected 
by various factors, including advanced age, gender (female), 
proximal amputation level, and preoperative low platelet and 
albumin levels, as well as parameters such as hemoglobin, 
erythrocyte sedimentation rate, and platelets and albumin at 
their lowest levels. Conversely, sodium, C-reactive protein, 
and neutrophil to lymphocyte ratio at the time of discharge 
were at their highest levels, impacting mortality at 1 month, 
3 months, 6 months, and 12 months postoperatively [76]. 
Mortality in cases of DFU with amputation exceeds 70% at 
a 5-year follow-up, rising to 74% at a 2-year follow-up in 
patients with end-stage renal failure (ESRF) [43]. Lavery et 
al. [15] highlighted that ESRF patients face a heightened risk 
of limb loss following revascularisation procedures and have 
poorer survival outcomes [37].

Based on the results of multivariate analysis (binary 
logistic regression) using the backward stepwise LR method, 
binary logistic regression yielded [OR 5.202 (95% CI; 1.397–
19.375), p = 0.014] and CAD [OR 5.578 (95% CI, 2.037–
15.272); p < 0.001]. This multivariate analysis was conducted 
to determine the OR value of the predictive variables, where 
severity of infection showed a significant result with p = 0.014, 
while another factor was CAD with p < 0.001. This confirms 
that DFUI patients with CAD face a mortality risk 5.578 times 
higher than those without CAD. These findings align with a 
study in India by Rastogi et al. [34], which identified CAD 
as the predominant risk factor for mortality in DFU patients, 
accounting for 20% of cases (p = <0.001). Other studies have 
also reported a positive correlation between elevated leukocyte 
levels (11.75 × 109 cell/l) in amputated patients, contrasting with 
8.83 × 109 cell/l in nonamputated individuals [35]. Moreover, 
comorbidities such as infection, CAD, and PAD also affect 
mortality in DFU patients. A meta-analysis highlights infection 
and CAD as the two primary drivers of DFU patient mortality, 
accounting for nearly 50% of deaths within 5 years. Infections 
cause 24.8% of deaths (95% CI 16.0–33.5%), while CAD 
accounts for 46.6% (95% CI 33.5–59.7%) [77]. Additionally, 
PAD emerges as a mortality predictor in DFU, with patients 
with PAD being 5.9 times more likely to die compared to 
those without (95% CI 1.37–25.33) [56]. Consistent with this, 
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