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Research Article
Abstract

Background and Objective: Diabetic foot ulcers (DFUs) are a major complication of diabetes and frequently lead to
hospitalization, amputation, and recurrence. This study aimed to identify predictors of amputation and recurrence among
hospitalized patients with DFUs.

Methods: This descriptive-analytical study reviewed the medical records of 224 patients (123 men and 101 women; mean
age, 59.3+3.11 years) hospitalized with DFUs. Extracted variables included age, sex, ethnicity, occupation, duration of
diabetes, interval from diabetes diagnosis to ulcer development, smoking status, ulcer severity at admission (Wagner grade),
treatments received (antibiotics, debridement, and amputation), recurrence frequency, and laboratory values at admission
(Hb, WBC, ESR, CRP, and HbAlc). Primary outcomes were in-hospital amputation at any level and repeated recurrence of
the original ulcer at the same site on two or more occasions.

Results: Wagner grades 2-5 predominated, with grade 2 being the most common. The rates of amputation and repeated
recurrence were 31.3% and 40.2%, respectively. Higher hemoglobin levels were associated with lower odds of amputation
(95% CI: 0.52-0.86, OR=0.67, P<0.002), whereas higher WBC counts were associated with higher odds of this outcome
(95% CI: 1.02-1.23, OR=1.12, P<0.018). Compared with Wagner grades 1 and 2, Wagner grade 4 (95% CI: 2.18-11.94,
OR=5.10, P<0.001) and grade 5 (95% CI: 3.89-39.51, OR=12.40, P<0.001) were significantly associated with increased odds
of amputation. Each 1-g/dL increase in hemoglobin was associated with significantly lower odds of recurrence (95% CI:
0.58-0.94, OR=0.74, P<0.012), whereas each 1x1073/uL increase in WBC count was associated with significantly higher
odds of recurrence (95% CI: 1.01-1.18, OR=1.09, P<0.026). Compared with Wagner grades 1-2, grade 4 (95% CI: 1.42-7.44,
OR=3.25, P<0.005) and grade 5 (95% CI: 1.78-12.91, OR=4.80, P<0.002) were significantly associated with increased odds
of recurrence. Smoking was also associated with increased odds of recurrence (95% Cl: 1.05-3.63, OR=1.95, P<0.034).

Conclusion: Hemoglobin level, WBC count, Wagner grade, and smoking are key predictors of amputation and recurrence
among patients with DFUs.
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Introduction

Diabetic foot ulcers (DFU) are a severe complication of
diabetes that often lead to prolonged hospitalization, disability,
and lower-limb amputation. Interactions among peripheral
neuropathy, peripheral arterial disease, and infection contribute
to ulcer progression, which results from a complex interplay of
multiple factors. Peripheral neuropathy can reduce sensation in
the foot and delay recognition of injury. Peripheral arterial
disease reduces tissue blood flow, while infection disrupts
wound healing. Various clinical and laboratory factors, including
glycemic control, nutritional status, and other biochemical
indices, as well as behavioral factors such as smoking, physical
activity, and foot care, may predict ulcer outcomes, although
their associations with outcomes require careful evaluation in
different populations. Ulcer severity is one of the most important
determinants of clinical outcomes in patients with DFU. Studies
have shown that greater ulcer severity, particularly according to
the Wagner classification system, is associated with increased
risks of infection and osteomyelitis, a greater need for surgical
intervention, longer hospitalization, and a higher likelihood of
amputation. Standardized tools for evaluating ulcer severity may
therefore help predict disease course, select appropriate
treatment strategies, and identify high-risk patients. The Wagner
scale is an important tool for assessing ulcer severity. Higher
grades may be associated with increased risks of amputation and
frequent recurrence, but this requires evaluation in different
populations. Despite advances in treatment, DFU recurrence
remains a major challenge, and many patients develop another
ulcer after initial healing. Evidence indicates that higher Wagner
grade, peripheral arterial disease, peripheral neuropathy, a
history of amputation, poor glycemic control, and smoking are
among the most important factors associated with increased
recurrence risk. This study aimed to identify predictors of
amputation and recurrence in hospitalized patients with diabetic
foot ulcers.

Methods

This descriptive-analytical study reviewed the records of 224
patients (123 men and 101 women) with a mean age of
59.3+3.11 years and an age range of 26-96 years who were
hospitalized with diabetic foot ulcers at a tertiary referral
medical center.

All patients had undergone vascular evaluation, and those
requiring revascularization had received treatment before
hospitalization when necessary.

Extracted variables included age, sex, ethnicity, occupation,
duration of diabetes, interval from diabetes diagnosis to ulcer
development, smoking status, ulcer severity at admission, types
of treatment received (antibiotics, debridement, or amputation),
recurrence frequency, and admission laboratory values (HB,
WBC, ESR, CRP, and HbA1C).

Through interviews and self-report, patients were categorized
as Persian, Turkmen, Sistani, Baluch, or Turk.

Ulcer severity was classified using Wagner grades 1 to 5:
grade 1, superficial ulcer; grade 2, deep ulcer involving tendon,
bone, or joint; grade 3, deep ulcer with abscess or osteomyelitis;
grade 4, localized gangrene of the foot; and grade 5, gangrene of
the entire foot.

Primary outcomes were in-hospital amputation at any level and
frequent recurrence of the original ulcer at the same site, defined
as 2 or more episodes.

Data were analyzed using SPSS-23. Associations between
categorical variables were assessed using the chi-square or
Fisher exact test. Continuous variables were compared using the

t test or ANOVA for normally distributed data and the Mann-
Whitney U or Kruskal-Wallis test for nonnormally distributed
data. Independent variables were entered into a multiple logistic
regression model. Statistical significance was set at less than
0.05 for all tests.

Results

The mean duration of diabetes was 16.2+7.5 years, and the
mean interval to development of the current ulcer was 11.3+5.98
years. Overall, 52.7% of patients smoked, most were Persian
(80.4%), and most were homemakers (40.6%) or self-employed
(29.9%).

The mean age was 58.8+11.6 years among patients without
amputation and 60.3+10.7 years among those with amputation;
disease duration was 15.8+7.3 years in the nonamputation group
and 17.0+7.9 years in the amputation group. The nonamputation
and amputation groups included 81 men (52.6%) and 42 men
(60%), respectively. These differences were not statistically
significant. Smoking was reported by 73 patients (47.4%)
without amputation and 45 patients (64.3%) with amputation
(P<0.012).

The mean age was 58.9+11.5 years among patients with low
recurrence (0-1) and 59.8+11.0 years among those with high
recurrence (at least 2); disease duration was 15.6+7.1 years in
the low-recurrence group and 17.0+7.9 years in the high-
recurrence group. The low- and high-recurrence groups included
70 men (52.2%) and 53 men (58.9%), respectively. These
differences were not statistically significant. Smoking was
reported by 60 patients (44.8%) with low recurrence and 58
patients (64.6%) with high recurrence (P<0.006).

Mean hemoglobin was 10.18+2.05 g/dL, and the white blood
cell count (WBC) was 11.35+5.13 x 1073/ul.

The erythrocyte sedimentation rate (ESR) was 82.12+32.29
mm/h, C-reactive protein (CRP) was 25.4+12.27 mg/L, and
HbA1C was 8.17+2.01%.

Patients received antibiotics alone in 38.8% of cases,
antibiotics plus debridement in 29.9%, and antibiotics plus
amputation in 31.3%.

The most common ulcer severity was grade 2, observed in 111
patients (49.6%), and the least common was grade 1, observed in
5 patients (2.2%). Grades 4, 3, and 5 were identified in 58
patients (25.9%), 26 patients (11.6%), and 24 patients (10.7%),
respectively.

Laboratory findings by ulcer grade: Serum WBC differed
significantly across Wagner grades, with the highest value
(15.40x1073/p) in grade 5 ulcers (F=6.624, P<0.001).

Hemoglobin decreased as ulcer severity increased, reaching a
mean of 8.63 g/dL in grade 5 ulcers (F=5.423, P<0.001). ESR
(F=3.672, P<0.013) and CRP (F=2.647, P<0.05) also increased
with ulcer grade, whereas HbAlc did not differ significantly
among ulcer grades (F=1.519, P<0.21).

Predictors of amputation: Of the 224 patients, 70 (31.3%)
underwent amputation.

WBC was higher in patients with amputation (13.1+6.1 x
1073/ul) than in those without amputation (10.6+4.3 x 1073/ul)
(P<0.001). Hemoglobin was lower in patients with amputation
(9.1+2.1 g/dL) than in those without amputation (10.7+1.9 g/dL)
(P<0.001). ESR was higher in patients with amputation
(90.3+£36.5 mmv/hr) than in those without amputation (78.5+34.1
mm/hr) (P<0.016).

Smoking was more prevalent among patients with amputation
(64.3%) than among those without amputation (47.4%)
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(P<0.12). Ulcer severity was significantly associated with
amputation (P<0.001).

Higher hemoglobin was associated with lower odds of
amputation (95% CI: 0.52-0.86, OR=0.67, P<0.002), whereas
higher WBC was associated with greater odds of the outcome
(95% ClI: 1.02-1.23, OR=1.12, P<0.018). Compared with
Wagner grades 1 and 2, Wagner grade 4 (95%Cl: 2.18-11.94,
OR=5.10, P<0.001) and grade 5 (95%Cl: 3.89-39.51, OR=12.40,
P<0.001) were significantly associated with greater odds of
amputation. Smoking showed a nonsignificant trend (OR=1.82,
P<0.10).

Predictors of frequent recurrence: 90 patients (40.2%)
experienced frequent recurrence of at least 2 episodes.

Patients with frequent recurrence had higher WBC (12.245.8
versus 10.844.5 x 1073/pl, P<0.031), lower hemoglobin
(9.6+£2.2 versus 10.541.9 g/dL, P<0.004), and higher ESR
(87.3+37.8 versus 78.9+33.5 mm/h, P<0.045).

Smoking was significantly associated with frequent recurrence
(64.6% versus 44.8%) (P<0.006). Wagner grade was also higher
in the frequent-recurrence group (P<0.001).

Independent predictors of frequent recurrence were low
hemoglobin (95%Cl: 0.58-0.94, OR=0.74, P<0.012), high WBC
(95% CI: 1.01-1.18, OR=1.09, P<0.026), higher Wagner grade
(Wagner grade 4: 95% CI: 1.42-7.44, OR=3.25, P<0.005;
Wagner grade 5: 95% CI: 1.78-12.91, OR=4.80, P<0.002), and
smoking (95% CI: 1.05-3.63, OR=1.95, P<0.034).

Conclusion

This study emphasizes the importance of early identification
and intervention for modifiable risk factors. Monitoring
hemoglobin and WBC may help clinicians stratify risk and

implement targeted interventions, including optimal infection
control and anemia management. Wagner grade is a simple and
effective tool for guiding clinical decision-making, and smoking
cessation should be incorporated into patient-management
programs to reduce recurrence risk. Collectively, these measures
may reduce both amputation and recurrent diabetic foot ulcers
and improve patient outcomes.
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