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Abstract
Background: Diabetes mellitus (DM), with the cost of treatment and complications causes the
increasing economic burden. Inflammation in the pathogenesis of type 2 DM and developing
complications are considered to have a role. Macrovascular complications of diabetes, diabetic foot
ulcers and amputations consequently reduce quality of life is seriously. Atherosclerosis and related
complications is considered as an inflammatory process. To show the severity and course of this
inflammatory process, the studies including many markers are available. Recently, it is reported as a
cheap and accessible marker, neutrophil/lymphocyte ratio (NLR) is a good indicator of the
inflammatory condition. The aim of this study to investigate the relationship between the presence of
the diabetic foot and neutrophil / lymphocyte ratio. Methods: It has been noted retrospectively the
charts of the data of internal medicine clinic patients with diabetes. Patients' age, sex, duration of
diabetes, blood count and biochemical parameters were recorded. The data of patients with and
without diabetic foot ulcers were assessed using SPSS 19.0. Results: Statistically significant
differences were also observed according to HbA1c (P = 0.006), serum urea (P = 0.042), CRP (P <
0.001), neutrophil percent (P < 0.001), lymphocyte percent (P < 0.001), NLR (P = 0.001), among the 2
groups. A correlation was determined between NLR and age, serum urea, creatinine, white blood cell
(WBC), neutrophil percent, lymphocyte percent, total cholesterol, HDL-cholesterol. Conclusion: The
presence of diabetic foot ulcers alone may also represent a systemic inflammatory response. NLR can
be a cheap and accessible marker for presence of this inflammatory process via using the response
rates and follow-up of patients.
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Introduction
DM type-2 because of diabetes-related
complications lead to significant many socioeconomic problems. These are microvascular
[diabetic
nephropathy,
neuropathy
and
retinopathy] and macrovascular complications
[atherosclerosis, ischemic heart disease, stroke
and peripheral vascular disease that often results
with amputation] (1). One of chronic
complications is diabetic foot that is a
multifactorial problem with neuropathy and
peripheral vascular disease addition to the
infection caused by the extremities. Diabetic
foot disease, diabetic population has become the
most important cause of hospitalization and
accounted length of stay 20-25%. 50% of
nontraumatic amputations are due to diabetic
foot (2). Diabetic foot can led to losses of
tissues and organs, for reasons such as infection
it is a long and distressing process for patients,
relatives of patients and a privileged entity in
society which is a heavy economic burden (3, 4,
5).
Many epidemiological studies have highlighted
that chronic low grade inflammation is
associated with diabetes mellitus (6),
hypertension (7), metabolic syndrome (8, 9),
obesity (10), smoking (11), and other lifestyle
habits (12). Systemic inflammation can be
measured by using a variety of biochemical and
haematological markers. Although novel disease
specific biomarkers have been identified, most
of which are time consuming and expensive.
Observational
studies
have
thoroughly
investigated the role of C-reactive protein and
total leukocyte count in different chronic
conditions (13, 14, 15, 16). Low grade
inflammation measured by White Blood Cell
(WBC) count has also been linked to the
traditional risk factors of chronic diseases i.e.
smoking, obesity, hypertension and elevated
levels of triglycerides (16, 17). Recent evidence
indicated that the ratio of sub types of blood
cells have a significant prognostic value for
cardiovascular
disease.
Neutrophil-tolymphocyte ratio is a potential marker for
inflammation in cardiac and non-cardiac

disorders (18, 19). Neutrophil lymphocyte ratio
could be an important measure of systemic
inflammation as it is cost effective, readily
available and could be calculated easily. Little is
known and published about neutrophil
lymphocyte ratio and its relationship with
prevalent chronic conditions among general
population. Therefore, the current study was
conducted to investigate the neutrophil
lymphocyte ratio as a measure of systemic
inflammation and its relationship, if any, with
prevalent chronic diseases (20).
In this study, our objective was to examine the
relationship with NLR, showing the presence of
systemic inflammation in the presence of
diabetic foot ulcer.
Materials and Methods
In this study, due to diabetes mellitus internal
diseases clinic followed by a total of 62 with
and without diabetic foot ulcers (31 diabetics
with ulcers, non-ulcer 31) patients were
included retrospectively. Patient demographic
data including age, gender, disease duration,
further laboratory data as a complete blood
count (hemoglobin level, platelet count, MPV,
neutrophil count, lymphocyte count, NLR,
RDW), blood chemistry (urea, creatinine, total
cholesterol, HDL, LDL, TG, HbA1c) C-reactive
protein (CRP) levels were recorded. The study
has not included active infection, leukocytosis,
malignancy, steroid use without any reason.
Statistical analysis was conducted using SPSS
version 19 (SPSS, Chicago, IL). Normality was
assessed using a Shapiro-Wilk test. For
normally distributed values, descriptive results
are expressed as mean+ SD. The independentsamplest-test and Kruskal-Wallis test were used
to examine the differences between groups. For
the post hoc analysis among these groups,
Bonferroni corrected Mann-Whitney’s U test
was used. Statistical significance was defined as
P < 0,05.
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Results
A total of 62 patients who comply with the
criteria have been included in this study.
Diabetic foot ulcer group consisted of 31
patients (12 females, 19 males) with a mean age
of 61,1 ± 11 years. Control group consisted of
31 non ulcer (17 females, 14 males) with a
mean age of 60,1 ± 9,4 years. There was no
statistically significant difference between
groups by means of female / male gender ratio
(P = 0.346). Demographic parameters of the
patients were given in Table 1. Furthermore,
there was no statistically significant difference
by means of diabetes, total cholesterol,
triglyceride, HDL-cholesterol, LDL-cholesterol,
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WBC, hematocrit level, platelet count, MPV
and RDW. Statistically significant differences
were also observed according to HbA1c (P =
0.006), serum urea (P = 0.042), CRP (P <
0.001), neutrophil percent ( P < 0.001),
lymphocyte percent (P < 0.001), NLR (P =
0.001), among the 2 groups (Table-2).
Pearson correlation analysis revealed that NLR
was correlated with age (r =0.261, P = 0.041),
serum urea (r = 0.468, P < 0.001), creatinine (r
= 0.443, P < 0.001), WBC (r = 0.594, P <
0.001), neutrophil percent (r = 0.765, P<0.001),
lymphocyte percent (r = -0.742, P<0.001), total
cholesterol (r = -0.391, P = 0.002), HDLcholesterol (r = -356, P = 0.005).

Table 1. Descriptive Statistics of Population
Variables
Age (years)
Sex (% female)
Duration of diabetes
(years)

Diabetic foot ulcer
n = 31
61,1 ± 11
38,7
5.6 ± 4.0

Diabetic control group
n = 31
60,1 ± 9,4
54,8
5.4 ± 3.3

P
0.549
0.346
0.792

Discussion
Diabetes have severe effects on the vascular
system. Large, medium-sized arteries are seen
rapid and severe atherosclerosis. The result of
advanced vascular disease, lower extremities
gangrene in diabetics is seen a hundred times
more often than the general population (21).
Cause
of
hospitalization of diabetic,
approximately 50% are chronic complicati ons,
this case has resulted with the high cost of
treatment and an increased loss of manpower.
Diabetic foot ulcers which is one of the
determining factors of duration and quality of
life by diabetic patients, are among the most
frequent cause of hospitalization and surgical
intervention. In recent years, rather than
depending on lipid infiltration of atherosclerosis
a passive vascular damage it is emphasized that
an active inflammatory occurs as a result of this
process (22). Many markers have been proposed
indicating of these inflammatory processes

severity. Finally NLR has been suggested as an
indicator of subclinical inflammation and
proved the relation prognosis between both
coronary artery disease and heart failure (23).
Recent studies have shown that NLR as
microvascular complications of diabetes is
related with the presence of nephropathy and it
has been correlated as an indicator of end stage
renal failure with albuminuria levels (24). DM
is not only a metabolic disorder, is now known
that several molecules associated with
inflammation in the development of diabetes
and diabetes-related complications may play an
important role (25, 26). Diabetes mellitus has
been reported to be associated with acute phase
response. In type 2 diabetes, sialic acid, α-1 acid
glycoprotein, C-reactive protein (CRP), serum
acute phase reactants such as amyloid and
mediator cytokine IL-6 has been shown to be
increased (27).
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Table 2. Laboratory Results of the Two Groups
Variables
Hba1c
Total cholesterol (mmol/l)
Triglyceride (mmol/l)
HDL-cholesterol (mmol/l)
LDL-cholesterol (mmol/l)
Serum urea (mg/dL)
Creatinine
CRP
WBC
Hematocrit level, g/dL
Platelet count (103/mm3)
MPV (fL)
Neutrophil percent (%)
Lymphocyte percent (%)
NLR
RDW

Diabetic foot ulcer
n = 31
8.9 ± 2.2
184.6 ± 43.8
199.5 ± 126.2
38,8 ± 19,7
109.7 ± 36.8
40.2 ± 16.1
0.99 ± 0.34
1.5 ± 1.7
9.2 ± 2.9
36.8 ± 6.7
257.4 ± 84.2
8.9 ± 1.5
68.4 ± 10.1
21.7 ± 8.1
4.3 ± 3.9
14.9 ± 2.6

Diabetic control group
n = 31
10.7 ± 2.3
182.7 ± 43.4
232.2 ± 153.8
45.1 ± 12.3
115.9 ± 39.1
32.7 ± 10.5
0.84 ± 0.24
0.6 ± 0.4
7.3 ± 2.1
40.8 ± 7.5
243.3 ± 81.7
8.9 ± 1.2
52.5 ± 9.6
35.9 ± 8.9
1.6 ± 0.7
14.2 ± 2.2

P
0.006
0.300
0.266
0.457
0.711
0.042
0.043
<0.001
0.236
0.569
0.554
0.602
<0.001
<0.001
0.001
0.304

* CRP, C-reactive protein; WBC, White blood cell; MPV, Mean platelet volume;
NLR, neutrophil/lymphocyte ratio; RDW, Red cell distribution width.

The studies which are done by Çürüksulu and
his colleagues, compared the groups with
diabetic foot ulcers and non-ulcer groups.
They show significantly higher the levels of
IL-6 and high sensitive CRP (hs-CRP),
erythrocyte sedimentation, leukocyte count
and HbA1c levels (28). In our study we used
as a marker of inflammation CRP and NLR
and it was significantly higher in the group
with ulcers. Our data supported the studies
data that have done previously conducted for
the inflammatory status. However, in our
study, HbA1c levels were significantly lower
in the group with ulcers. We thought because
of this result that the increasing in hospital
admissions of patients with diabetic foot
ulcers sugar can be regulated.

Conclusion
In this study, patient with diabetic foot ulcers
and non-ulcer has been analyzed NLR level as
inflammatory marker. Determining NLR in
the presence of high levels of diabetic foot
ulcers is not a local inflammation alone but
also showed that there is a systemic
inflammatory response. In patients with
diabetic
foot
other
macrovascular
complications of diabetes can be seen much
more and using NLR has been suggested as a
cheap and accessible inflammatory markers
for
developing
and
following
of
macrovascular complication. In this regard,
more extensive and more studies with more
several patients are needed.
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