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ARTICLE INFO ABSTRACT

Keywords: Diabetic foot ulcers (DFUs) represent a serious complication of diabetes mellitus, associated with
Diabetic foot ulcer significant morbidity and healthcare costs. The progression of DFUs is influenced by systemic and
Haemoglobin local factors, including haemoglobin levels, leukocyte count, glycated haemoglobin (HbAlc), and
Leukocytes serum albumin. This study aims to explore the relationship between these clinical parameters and the
HbAlc severity of DFUs. We enrolled 62 patients with DFUs and classified ulcer severity as mild, moderate,
Albumin or severe according to the Wagner classification system. Using Spearman’s rank correlation, we found

significant associations: lower hemoglobin and albumin levels correlated with more severe ulcers (p =
-0.34, p= 0.0065; p=-0.41, p = 0.00084, respectively), while higher HbAlc and leukocyte counts were
associated with increased ulcer severity (p = 0.62, p = 0.000; p= 0.40, p = 0.0013, respectively). These
findings suggest that hematologic and biochemical markers may serve as valuable indicators of DFU
progression, potentially guiding clinical decision-making and improving patient outcomes. Further
research is needed to elucidate the underlying mechanisms and evaluate targeted interventions for this

high-risk population.

1. Introduction

Chronic diabetic foot ulcers (DFUs) are a
severe complication of diabetes mellitus, contributing
significantly to morbidity, mortality, and healthcare
costs globally (Akkus & Sert, 2022). The management of
DFUs is inherently challenging due to their progressive
nature, which is primarily influenced by interactions
between systemic and local factors that impair wound
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healing. Key biomarkers such as haemoglobin serve as
indicators of anaemia and erythrocyte status, while
leukocyte count reflects the body’s immune response.
Glycated haemoglobin (HbA1lc) provides insights
into long-term glycemic control, and serum albumin
indicates overall protein metabolism and potential
kidney dysfunctions (Casadei et al., 2021).

Despite the recognised importance of these
biomarkers, the specific relationship between their
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levels and the severity of DFUs—classified according
to the Wagner system—has not been thoroughly studied,
particularly within the Indonesian population (Shah
et al., 2022; Ziegler et al., 2021). Emerging evidence
suggests that abnormalities in these parameters are
associated with delayed wound healing and worse
clinical outcomes in DFU patients. For instance, recent
studies have demonstrated that low haemoglobin and
albumin levels are correlated with increased ulcer
severity and a higher risk of amputation, whereas
elevated HbA1c and leukocytosis are linked to persistent
infection and poor prognosis (Jiménez-Garcia et al.,
2024; Sharma et al., 2024).

This underscores the necessity of systematically
evaluating how routinely measured laboratory markers
relate to clinical severity, mainly when classified using
standardised systems like the Wagner classification,
which ranges from superficial ulcers to deep tissue
involvement with osteomyelitis (Matheson et al., 2021;
Shah er al., 2022). Nonetheless, few studies have
comprehensively addressed these associations within
the broader clinical context of DFUs.

Therefore, this study aims to investigate how
levels of haemoglobin, leukocyte count, HbAlc, and
albumin influence ulcer severity among patients treated
at Sultan Agung Islamic Hospital in Semarang. By
elucidating these relationships, the study seeks to
enhance understanding of DFU management and
provide evidence-based recommendations to improve
patient outcomes and service quality for this high-risk
population.

2.
2.1.

Materials and Methods

Study Design and Ethical Considerations
This cross-sectional study was conducted using
retrospective data from medical records of patients with
diabetic foot ulcers (DFUs) treated at Sultan Agung
Islamic Hospital, a tertiary care centre in Semarang,
Indonesia. Data collection spanned from January 2023
to December 2023. The study was approved by the
Health Research Ethics Committee of Sultan Agung
Islamic Hospital, Semarang (ethical clearance number:
123/KEPK/11/2024). All procedures conformed to the
principles of the Declaration of Helsinki.

2.2. Population and Samples

A total of 62 patients were included through
consecutive sampling, based on the availability of
complete clinical and laboratory data. Patients aged >18
years with a confirmed diagnosis of DFU and complete
laboratory records were eligible for inclusion. Exclusion
criteria comprised missing clinical information and the
presence of comorbid conditions that could confound
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wound healing assessment, such as active malignancy,
chronic liver disease, or immunosuppressive conditions.
‘While no formal power analysis was performed
owing to the retrospective design, the sample size of
62 exceeds the minimum of 30 typically recommended
for correlation analyses with moderate effect sizes,
supporting the validity of the results.
2.3. Data Collection
Demographic variables, including age and
gender, were documented. Laboratory parameters
collected were haemoglobin (g/dL), leukocyte count
(x10°/L), glycated haemoglobin (HbA1c, %), and serum
albumin (g/dL). These parameters were measured
using standard automated laboratory procedures at
the hospital’s clinical pathology unit, following routine
protocols. Normal reference ranges were predefined as
follows: haemoglobin (13-17 g/dL for men, 12-16 g/
dL for women), leukocyte count (4-11 x10°/L), HbAlc
(<5.7% considered normal, 5.7-6.4% prediabetes,
>6.5% diabetes), and serum albumin (3.5-5.0 g/dL).

2.4. Assessment of Ulcer Severity

Ulcer severity was classified based on the Wagner
classification system, which stratifies ulcers into three
stages for analysis:

. Mild: Grade 1 (superficial ulcer, no infection)
. Moderate: Grade 2 (deep ulcer involving
tendons, bones, or joints)
. Severe: Grades 3-5 (deep ulcers with abscess,
osteomyelitis, or gangrene)
2.5. Statistical Analysis
Data analysis was performed using R Studio
(version 4.3.0). Descriptive statistics summarised
patient characteristics: means * standard deviations for
continuous variables and frequencies with percentages
for categorical variables. The relationship between
clinical biomarkers and ulcer severity was evaluated
using Spearman’s rank correlation coefficient, suitable
for the ordinal nature of ulcer classification. A
significance level of p < 0.05 was adopted for statistical
testing.

Associations between biomarkers and ulcer
severity were visualised using the ggplot2 package.
Scatter plots depicted each biomarker against ulcer
severity, with fitted regression lines to illustrate trends.
Correlation coefficients and p-values were annotated
directly on the plots. Data manipulation and cleaning
were conducted with the dplyr package, while figure
styling and annotations were enhanced using ggpubr
to ensure consistency.
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3. Results

The present study enrolled 62 diabetic patients
to evaluate the relationships between clinical
characteristics—including albumin, haemoglobin,
HbA1c, and leukocyte count—and the severity of
diabetic foot ulcers (DFUs). The demographic and
clinical characteristics of the study population are
summarised in Table 1. Most participants were female,
and the majority of ulcers were classified as moderate
according to the Wagner classification system (61.29%).
Only two patients (3.23%) had severe ulcers, which
should be interpreted with caution due to the small
sample size in this category.

Figure 1 displays scatter plots illustrating the
relationships between clinical parameters and ulcer
severity. Each plot includes a red regression line to
indicate the trend, alongside Spearman’s rank correlation
coefficient (p) and the corresponding p-value. There is a
significant inverse correlation (p =-0.41, p = 0.00084),
suggesting higher albumin levels are associated with
lower ulcer severity (Figure 1a). A significant negative
correlation (p =-0.34, p = 0.0065) indicates that higher
haemoglobin levels are linked to milder ulcers (Figure
1b). A strong positive correlation (p = 0.62, p = 9.4e-
08) was observed, implying that higher HbAlc levels
are associated with increased ulcer severity (Figure 1c).
A moderate positive correlation (p = 0.40, p = 0.0013)
was identified, with higher leukocyte counts correlating
with more severe ulcers.

Most patients were female, and the distribution
of ulcer severity revealed that the majority had
moderate ulcers, with only a small number exhibiting

Figure 1.
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Table 1. Study population characteristics

severe disease. These findings underscore significant
associations between clinical biomarkers and ulcer
severity. The correlation analysis demonstrated that
lower albumin and haemoglobin levels are associated
with more severe ulcers, highlighting their potential roles
as protective factors. Conversely, elevated HbAlc and
leukocyte counts correlate strongly with increased ulcer
severity, suggesting these parameters may serve as risk
factors for disease progression. These results support
the concept that systemic inflammation, poor glycemic
control, anaemia, and hypoalbuminemia contribute to
worse clinical outcomes in DFU patients. Significantly,
these biomarkers could aid in risk stratification and
targeted management in clinical practice.

Analysis of the relationship between clinical parameters and severity: (a) albumin and severity, (b) haemoglobin and

severity, (c) hbalc and severity, and (d) leukocyte count and severity
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4. Disscussion

This study offers clinically relevant insights into
the relationships between key laboratory parameters
and the severity of diabetic foot ulcers (DFU). The
findings emphasise the multifactorial nature of
DFU progression and highlight the importance of
incorporating systemic markers into risk stratification
and management strategies.

Haemoglobin levels were significantly associated
with DFU severity. Anaemia, prevalent in patients
with diabetes, exacerbates peripheral ischemia and
reflects underlying systemic conditions such as chronic
kidney disease and cardiovascular disease (Shabhay
et al., 2021). These systemic changes impair wound
healing and promote infection, contributing to DFU
progression.. Huang et al. (20219) stipulated that it is
probably prudent to treat anaemia as early as possible
in the timeline of diabetes, when it may help prevent
the development of ulcers.

Poor glycemic control, reflected by elevated
HbA ¢, was also associated with increased DFU severity.
Chronic hyperglycemia disrupts key physiological
processes necessary for wound healing, including
immune response, collagen synthesis, and angiogenesis
(Casadei ezal., 2021). Furthermore, it amplifies oxidative
stress and inflammation, worsening ulcer progression.
Effective glycemic management through patient
education, lifestyle modification, and pharmacologic
therapy remains a cornerstone of DFU care (Nano et
al., 2020). HbAlc not only assesses metabolic control
but is also linked to long-term outcomes, such as limb
amputation and mortality (Pemayun & Naibaho, 2017).

The positive correlation between leukocyte count
and ulcer severity supports the pivotal role of infection
and systemic inflammation in DFU pathogenesis.
Elevated leukocyte levels suggest active infection,
which is a critical factor in the development of severe
complications in large-area ulcers (Tong et al., 2020).
Infections trigger excessive tissue inflammation and
necrosis, hindering healing. Prompt identification and
management of infection through appropriate anti-
infective therapy are vital to prevent further deterioration
(Jiménez-Garcia et al., 2024).

Low serum albumin levels were inversely
associated with ulcer severity, reflecting poor
nutritional status and systemic inflammation—both
of which impair wound healing (Bezerra et al., 2020).
Hypoalbuminemia has been linked to prolonged
hospital stay, increased amputation risk, and higher
mortality rates (Shabhay er al., 2021). Addressing
nutritional deficits through targeted interventions,
including protein supplementation, is an essential
aspect of comprehensive DFU management (Kateel
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et al., 2018; Sharma et al., 2024).

The integration of these four parameters—
haemoglobin, HbAlc, leukocyte count, and albumin—
provides a holistic view of the systemic and local
factors influencing DFU severity. Together, they can
guide clinicians in risk stratification and individualised
management. For example, patients with high leukocyte
counts may benefit from intensified infection control
measures, while those with low albumin might require
nutritional support, potentially improving clinical
outcomes (Leal de Araujo et al., 2024). This approach
aligns with the perspectives of Albright and Fleischer,
who advocate for considering systemic markers as part
of routine DFU care (Albright & Fleischer, 2021).

Furthermore, these findings reinforce the
importance of a multidisciplinary approach to
DFU management (Nano et al., 2020). Advances in
predictive analytics and machine learning may enable
the development of personalised care pathways by
identifying high-risk patients and tailoring interventions
accordingly (Yu et al., 2024). Previous studies underscore
the prognostic value of these markers; for instance,
Ammar et al. (2021) demonstrated that anaemia and
leukocytosis are associated with a higher risk of limb
amputation in DFU patients. Hypoalbuminemia
may also interfere with the interpretation of HbAlc,
highlighting the need for integrated metabolic and
nutritional assessments (Feng et al., 2021).

Emerging therapies, such as autologous
leukocyte—platelet—fibrin patches, show promise in
enhancing healing and reducing amputations by
modulating inflammation and coagulation (Mendivil
et al., 2023). Interventions targeting chronic systemic
inflammation, coagulation abnormalities, anaemia,
and glycemic control may improve prognosis in DFU
patients. Such integrative management approaches are
supported by the development of predictive models,
for example, Peng & Min (2023) created nomograms
based on haemoglobin and albumin to assess DFU risk,
facilitating early intervention and optimised resource
allocation

It is important to acknowledge that this study is
cross-sectional in design, which restricts the ability to
infer causality between the clinical parameters and ulcer
severity. While significant associations were identified,
these should not be interpreted as predictive or definitive
of disease progression. Additionally, the relatively
small sample size may limit the generalizability of the
findings to broader populations. Future longitudinal
studies are necessary to validate these results and to
explore the underlying causative mechanisms more
comprehensively.
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5. Conclusions

This study highlights significant associations
between specific clinical parameters and the severity of
diabetic foot ulcers (DFUs). The key findings indicate
that lower levels of haemoglobin and albumin, as well
as higher HbA1c and leukocyte counts, are significantly
correlated with increased severity of DFUs. These
parameters may serve as critical indicators of risk
among diabetic patients, underscoring the necessity
of routinely monitoring them to identify those at
heightened risk for developing severe DFUs. This
proactive approach could lead to improved patient
outcomes through timely intervention. Although
causality cannot be definitively established due to the
cross-sectional design of the study, the results support
the potential utility of these clinical markers in early risk
stratification. Future research should aim to develop
predictive models incorporating these markers, which
could facilitate prompt interventions and ultimately
enhance the management of DFUs.
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