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Abstract

Introduct ion:  Diabetic foot ulcer (DFU), as one of the chronic non-healing 
wounds, causes a significant financial burden on the healthcare system world-
wide. Chronic wounds usually exhibit powerful pro-inflammatory stimuli, as 
seen in laboratory results.

Aim:  For this reason, we conducted an observational study to obtain the clini-
cal profile, hematological profile, and biochemical profile from our DFU patient 
laboratory examinations.

Mater ia l  and  methods :  This study was a retrospective descriptive study 
conducted between March 2016 and December 2018 in Sanglah Hospital, Bali 
which included a total of 113 patients. The variables included in this study con-
sisted of DFU clinical status, treatment procedures, and laboratory results. We 
further divided the laboratory results into two groups, haematological and blood 
chemistry profile. All numerical data were summarized as mean ± standard de-
viation, and categorical variables were summarized as frequency and percentage. 

Resu l t s  and  d i scuss ion:  The mean patient’s age was 55.68 ± 10.52 years 
old. The most of patients were male (54.9%). Leukocytosis was observed in these 
patients (13.80 ± 6.48 × 109/L) and neutrophil dominated the white blood dif-
ferential count. There were 35 patients (30.97%) with creatinine levels above 1.3 
mg/dL, 73 patients (64.6%) with random blood glucose above 180 mg/dL, and 78 
patients (67.3%) with HbA1c levels higher than 53 mmol/mol, even 33 patients 
(29.2%) with HbA1c more than 86 mmol/mol.

Conclus ions :  Some laboratory values have a significant meaning in diabetic 
foot patients, which can become instruments for the physician in diagnosing, se-
lect the most effective treatment, and predict outcome or complications in DFU 
patients.
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1. Introduction

Diabetes mellitus is the most common endocrine disease 
among adults, which affect millions of people in the entire 
world. In the past three decades, diabetes mellitus, primarily 
type 2 diabetes mellitus and its complications have reached ep-
idemic levels, particularly in developing countries, such as In-
donesia.1 The International Diabetes Federation (IDF) Diabe-
tes Atlas provides data in 2015, Indonesia was ranked number 
7 of the country with the most significant number of diabetic 
people, approximately 10 million people affected. In 2040, In-
donesia is expected to have 16.2 million people affected with 
diabetes mellitus.2 There are several clinical importance and 
complications of diabetes, which involve many target organs, 
including vascular and neurological problems. Foot complica-
tions are among the most severe and costly complications of 
diabetes mellitus, which contributes to diabetic foot ulcer.3

Diabetic foot ulcer (DFU) poses a growing global public 
health challenge and becomes a significant financial burden 
on every healthcare system in the world.4 The incidence 
of DFU is up to 25% over a patient’s lifetime. Foot ulcers 
occur in 15%–25% of people with diabetes, which equates 
to slightly more than 2% annually and between 5%–75% of 
those patients with neuropathy and vascular complications.5 
The etiology of diabetic foot ulceration is a well-understood, 
but a multifactorial and complicated process. There are 
three main risk factors which contribute at developing foot 
ulcers, consist of vascular insufficiency, neuropathy, and in-
fection.4 If these risk factors are not treated properly, it can 
lead to lower extremity amputation, or worse, and death.6

As one of the chronic non-healing wounds, DFU consists 
of numerous common factors that promote adverse wound 
healing conditions. By definition, chronic wounds are in-
juries that fail to be processed through regular and timely 
reparations to produce anatomy, and functional integrity for 
3 months. Several systemic factors, including malnutrition, 
ageing, tissue hypoxia, and high blood glucose, contribute 
significantly to the chronic wound’s pathogenesis in DFU.7 
Uncontrolled blood glucose levels result in increased inflam-
mation, reduced angiogenesis, and collagen synthesis, all of 
these induced chronic wound healing formation.8 Chronic 
wounds typically exhibit powerful pro-inflammatory stimuli, 
including bacterial colonization, necrotic tissue formation, 
foreign bodies, and localized tissue hypoxia. Chronic wounds 
in DFU have high bacterial counts, which stimulates an in-
flammatory host response with PMNs (polymorphonuclear 
cells) expressing reactive oxygen species and proteases, re-
sulting in a highly pro-oxidant environment. Disturbed oxi-
dant balance is the crucial likely factor in the persistence of 
the inflammatory phase in chronic wounds.7 

2. Aim

For this reason, we conducted an observational study of 
patients with DFU who were admitted to our hospital for 
treatment. This study aim is to obtain the clinical profile, 

hematological profile, and biochemical profile from DFU 
patient and discuss every aspect, which contributes delayed 
wound healing and associated treatment. This study can also 
describe real feature from DFU patients which can be seen 
in a developing country, particularly from tertiary hospitals 
in Bali, Indonesia. In the future, we hope this study can be-
come a reference for the further improvement of diabetic 
foot management and other research related to diabetic foot 
problems.

3. Material and Methods

This study was a retrospective descriptive study reviewing 
the medical records of diabetic foot patients who were ad-
mitted to Sanglah General Hospital for surgical procedure. 
Sanglah General Hospital is a provincial hospital located in 
Denpasar, Bali, which is the central referral hospital in Bali 
and Nusa Tenggara islands as known as a tertiary hospital. Pa-
tients with the diverse degree of diabetic foot complications 
are referred to this hospital and many come from other hospi-
tals within and around Denpasar. This study was conducted 
between March 2016 and December 2018, with a total of 113 
patients with DFU. All DFU patients who underwent surgi-
cal procedures in Sanglah General Hospital operating theatre 
were included in the study. All patient medical records were 
provided by the Sistem Informasi Manajemen Rumah Sakit 
Umum Pusat Sanglah (SIMARS), our hospital information 
center system. A diagnosis of diabetes mellitus was defined 
and confirmed from International Statistical Classification of 
Diseases and Related Health Problems 10th Revision (ICD-
10) code E11.622 for ‘Type 2 Diabetes Mellitus with other 
skin ulcers.’ Data which we collected from SIMARS were 
further addressed into different aspects, which comprised of 
personal data, DFU severity, diabetes mellitus duration, foot 
ulcer duration, treatment procedures, and laboratory results. 
Based on our primary objective of this study, we divide the 
laboratory results into two groups, hematological and blood 
chemistry profile. The variables selected in the hematological 
profile were hemoglobin, hematocrit, leukocyte and differen-
tial counts, and platelet. The variables which were included 
in blood chemistry profile are alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), serum albumin, 
random blood glucose, glycated hemoglobin (HbA1c), blood 
urea nitrogen (BUN), serum creatinine, serum sodium, and 
serum potassium.

The protocol of DFU management in our hospital in-
cluded diagnosis and treatment of infection (local and sys-
temic), assessment of patient’s diabetic status, treatment of 
infection, diabetes mellitus, and wound care, and also surgi-
cal procedure, such as sharp debridement and amputations. 
The surgical procedures were classified into five categories, 
consist of debridement, finger amputation, transmetatar-
sal amputation, below the knee amputation, and above the 
knee amputation. DFU severity is classified into five differ-
ent grades, based on Wagner’s diabetic foot classification. 
In our hospital, patients with diabetic foot problems were 
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evaluated and treated by a team consisting of surgeons, en-
docrinologists, microbiologists, rehabilitation specialists, 
nutritionists, and nurses. 

For the statistical analyses, variables were assessed us-
ing the program IBM SPSS statistics version 23.0 for Win-
dows (IBM Corporation, New York, USA). All numerical 
data were summarized as mean ± standard deviation, and 
categorical variables were summarized as frequency and 
percentage. Every available data will describe the laboratory 
characteristics of DFU patients.

4. Results

Between March 2016 and December 2018, there were 113 pa-
tients with DFU who underwent a surgical procedure in our 
hospital (Table 1). The most of patients were male (54.9%). 
The age of patients ranged from 29 to 87 years, with a mean 
value of 55.68 years and a median of 55 years. The average 
patients suffering from diabetes mellitus were more than 6 
years and they had foot ulcer for more than 3 weeks. Wagner 
grade 4 was the most encountered from our study (50.4%). 
There was no patient with Wagner grade 1 and 2 recorded 
since surgical procedures are not necessary. The most of pa-
tients underwent debridement in operating theatre (57.5%). 
From 42.5% of patients who had an amputation, the major-
ity of amputation was finger amputation (30 cases).

In relation to the laboratory results, we describe two main 
aspects, there were hematological profile and blood chemistry 
profile (Table 2). Out of 113 patient’s blood tests, the hemo-
globin levels ranged from 7.41 g/dL to 20.24 g/dL. Leukocy-
tosis was observed in these patients (13.80 ± 6.48 × 109/L) 
and neutrophil dominated the white blood differential count. 

We focused our attention to random blood glucose lev-
els, HbA1c, albumin, blood urea nitrogen, and serum creati-
nine levels, since these blood chemistry profiles mean val-
ues were outside of normal values.9 There were 73 patients 
(63.6%) with normal BUN levels and 40 patients (35.4%) 
with elevated BUN levels (>20 mg/dL). There were 35 pa-
tients (30.97%) with creatinine levels above 1.3 mg/dL and 
the highest level was 6.37 mg/dL. There were 73 patients 
(64.6%) with random blood glucose higher than 180 mg/dL, 
which considered to be uncontrolled when these patient’s 
blood was tested. The highest blood glucose level observed 
in these patients was 580 mg/dL. There were only 35 pa-
tients (31.0%) with HbA1c levels below than 53 mmol/mol. 
There were 78 patients (67.3%) with HbA1c levels higher 
than 53 mmol/mol, even 33 patients (29.2%) had HbA1c 
levels higher than 86 mmol/mol. The highest HbA1c level 
recorded in these patients was 145 mmol/mol.

5. Discussion

One of the most common and severe complications of dia-
betes mellitus is the diabetic foot. In some degree of dia-
betic foot ulcer, some patient will undergo lower extrem-

Table 1. Patient’s (N = 113) demographic and clinical out-
come.

Variables Mean ± SD

Age, years 55.68 ± 10.52

Diabetes mellitus duration, years 6.45 ± 4.33

Foot ulcer duration, weeks 3.61 ± 2.66

Gender, %

Male 62 (54.9)

Female 51 (45.1)

Foot Affected, %

Right Foot 54 (47.8)

Left Foot 51 (45.1)

Bilateral 8 (7.1)

Wagner classification, %

Grade 3 48 (42.5)

Grade 4 57 (50.4)

Grade 5 8 (7.1)

Surgical procedure, %

Debridement 65 (57.5)

Finger amputation 30 (26.5)

Below knee amputation 10 (8.8)

Transmetatarsal amputation 7 (6.2)

Above knee amputation 1 (1)

Table 2. Patient’s hematological and blood chemistry profile.

Variables Mean ± SD

Hematology

Hemoglobin, g/dL 10.45 ± 1.63

Hematocrit, % 32.92 ± 4.24

Leukocyte, 109/L 13.80 ± 6.48

Basophil 0.09 ± 0.05

Eosinophil 0.20 ± 0.20

Neutrophil 10.77 ± 6.25

Lymphocyte 1.92 ± 1.00

Monocyte 0.83 ± 0.49

Platelet, 109/L 379.13 ± 150.55

Blood Chemistry

ALT, U/L 19.70 ± 19.37

AST, U/L 24.41 ± 16.67

Albumin, g/dL 2.91 ± 0.58

RBG, mg/dL 223.81 ± 89.01

HbA1c, mmol/mol 72.25 ± 6.12

BUN, mg/dL 21.28 ± 17.45

Creatinine, mg/dL 1.32 ±1.16

Sodium, mmol/L 133.24 ± 6.31

Potassium, mmol/L 3.96 ± 0.77

Comments: SD – standard deviation, ALT – alanine aminotransfer-
ase, AST – aspartate aminotransferase, RBG – random blood glucose, 
HbA1c – glycated hemoglobin, BUN – blood urea nitrogen.
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ity amputation, which affects their quality of life. Diabetic 
foot risk factors consist of male sex, peripheral neuropathy, 
history of diabetes mellitus with more than ten years, pe-
ripheral arterial disease, history of smoking, abnormal foot 
structure (callus formation, thickened nails, bone abnor-
malities), history of the previous infection, ulcer or ampu-
tation, and poor glycemic control.10 In our study, we found 
that male sex was dominant in our study population. The 
mean age of the total population was 55.68 ± 10.52 years, 
not entirely different from most studies, particularly in 
Asia. In a research conducted by Viswanathan et al. in In-
dia, the mean age of the total study population was 53 ± 11 
years old and male sex predominate the study population 
with 801 patients out of 1319 (60%).11 However, according 
to a study of chronic complications a chronic complication 
caused by diabetes mellitus conducted by Tarigan et al. in 
Indonesia, it was female who dominated the study popula-
tion with 91 patients out of 155 (59%).12 In another study of 
diabetic foot held in Indonesia by Tjokorda et al., the mean 
age of the total study population was 54.3 ± 8.6 years old, 
but male and female patients were not highly different with 
96 male patients and 93 female patients.6 

If wound closure is not possible due to wound size, ne-
crotic tissue extent, irreversible ischemia and location of the 
wound, then amputation procedure may be used to optimize 
and reduce morbidities.4 Some patients thought amputation 
would bring social stigma and were associated with a sig-
nificant reduction in their qualities of life, especially major 
amputations. Until recently, the definition regarding minor 
or distal amputations and major amputations in relation to 
diabetic condition is still unclear. However according to 
Bowker, amputation of transfemoral and transtibial were 
considered as major amputation, and toe amputation, meta-
tarsal amputation, ray (toe and metatarsal) amputation, or 
foot amputation (transmetatarsal amputation) were consid-
ered as minor amputation.13,14 Therefore, in our study, 37 pa-
tient underwent minor amputations (77.08%) and 11 patient 
underwent major amputations (22.91%).  

Chronic inflammation, as one of the most important 
risks for development of the diabetic foot, was usually stud-
ied and explored. Usually, laboratory results such as white 
blood count, C-reactive protein and erythrocyte sedimen-
tation rate were noticed to denote inflammation status.15 It 
has been noted that infection plays a large role in the oc-
currence of DFU, in addition to the inflammatory media-
tors that appear to play an important role, both as diagnos-
tic markers or predictors. Due to abnormal metabolism in 
diabetes mellitus, there was a significant risk of developing 
an infection which can disturb wound healing. Neutrophil-
induced monocyte adhesion and movement to the sites of 
trauma and inflammation and induce inflammatory process 
through several biochemical reactions, such as platelet ag-
gregating factors, cytotoxic oxygen-derived free radicals 
and hydrolytic enzymes.16 These theories explain why DFU 
shows an elevated leukocyte level, particularly neutrophil 
cell counts. So far, we have not found similar study regard-
ing hematological profile in patients with DFU. However, 

some studies evaluated on neutrophil-lymphocyte ratio as 
one of the new indicators that served as a prognostic and 
predictor marker of inflammation status.15–17

From our reports, it can be assumed that the majority 
of patients with DFU in our study population had uncon-
trolled blood glucose status, with high levels of HbA1c and 
random blood glucose levels. This can be caused by patients 
not using anti-diabetic drugs correctly. It is caused by many 
factors, such as the absence of symptoms, unwillingness 
to control treatment, ignoring disease, or difficulty access-
ing medical services. A study by Goldman et al. stated that 
intensive glucose control can reduce the risk of lower ex-
tremity amputation (LEA) in patients with HbA1c levels 
above 7.5% or 58 mmol/mol.18 The research by Nawaf et al. 
which was conducted to determine risk factors regarding 
major LEA in diabetes mellitus type 2 patients, showed that 
HbA1c levels 8% (64 mmol/mol) or above was associated 
with higher incidence of major amputations of lower limb. 
This condition of diabetes also affected albumin levels in 
our patients. In diabetic condition, albumin synthesis and 
secretion were decreased due to insulin deficiency. Bhon-
sle et al. stated that low plasma albumin levels had a sig-
nificant association with increased plasma protein glycation 
and HbA1c in diabetic patients.19 Another interesting risk 
factor mentioned in the previous study was chronic renal 
impairment, which also increased risk of LEA in diabetic 
patients.20 Our study showed increased levels of creatinine 
serum and decreased albumin serum.

From this study, we can conclude that some laboratory 
values have a significant meaning in diabetic foot patients. 
These hematological and blood chemistry profiles can be-
come a tool for the physician in diagnosing, predicting 
outcome and complications, and picking the most effec-
tive treatment for diabetic foot patients. Some studies have 
used these laboratory values in predicting outcomes, such 
as infections,21 major or minor amputations3 in diabetic foot 
patients. Other studies concentrate on using these values 
to signify severity degrees or as a marker in diabetic foot 
wound healing.22,23 Nevertheless, these laboratory results 
can be useful for diabetic patients and physicians. Physi-
cians must be reminded when facing a patient with diabetic 
foot problems, laboratory results alone cannot be enough 
for comprehensive management. History takings, physical 
examination, wound characteristics, and other diagnostic 
tools can aid physicians to achieve the best plan for treat-
ment. We are now planning to further study the relation-
ship between these laboratory findings and their usage in 
determining future complications and their application in 
treatment

Limitations
There were some limitations to this study, similar to any 
descriptive studies using only a medical record and hos-
pital system database. Further studies regarding this topic 
are needed. First, there are several laboratory values which 
are not included in our study. These variables including 
erythrocyte sedimentation rate, C-reactive protein, and 
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lipid profile, which were not routinely checked in patients 
with DFU. Lipid profiles are usually associated with ath-
erosclerosis process, while C-reactive protein and erythro-
cyte sedimentation rate are inflammatory markers, and also 
good markers for osteomyelitis in diabetic foot patients. 

Second, this study was done in the referral hospital. All 
diabetic patients who seek our medical attention usually 
were already in a complicated stage, which was the reason 
there were no diabetic foot lesions with Wagner grade I and 
II. There was also lack of clinical information, which could 
not be obtained from our information sources, such as vas-
cular and neurologic status because the data was taken ret-
rospectively. We could only present patient’s Wagner status 
to describe their clinical severity. 

6. Conclusion

Hematological and biochemical profile in DFU can be used 
to achieve a comprehensive approach in diabetic foot pa-
tients. Some laboratory values, such as leukocyte, neutro-
phil, HbA1c, random blood glucose levels, and renal mark-
ers, have a particular amount, which can be used for future 
studies regarding diabetic foot. Some studies also used this 
value to predict outcome and complications, setting a better 
treatment plan, and determining prognosis. 
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