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Abstract
Background  Diabetic foot ulcer (DFU) is a well-known complication of diabetes. The main therapeutic options for 
treating DFU include surgical debridement. However, conditions such as sensory loss and insufficient blood supply 
can lead to lower extremity amputations. Inflammatory biomarkers, including the neutrophil‒lymphocyte ratio (NLR) 
and platelet‒lymphocyte ratio (PLR), have shown promise in predicting the development of diabetes complications.

Methods  This study included 126 individuals with known DFUs who underwent amputation or debridement surgery 
during hospitalization between January 2017 and December 2022. The participants were divided into two groups, 
each containing 63 patients, based on the treatment they received. Analyses were conducted via univariate and 
multivariate regression models. The linearity of the relationship between each inflammatory index and the risk of 
amputation was further examined via restricted cubic spline (RCS) curves with four knots.

Results  Categorical regression analysis showed an elevated risk of amputation in patients with an NLR greater 
than 6.08, with an OR of 13.090 (95% CI: 5.143–33.320, P < 0.001), compared with those with an NLR less than 6.08. 
Additionally, patients with a PLR greater than 210 demonstrated a similarly elevated risk of amputation with an OR of 
2.31 (95% CI: 1.066‒4.669, P = 0.033); however, those with lymphocyte‒white blood cell ratio (LWR) levels of greater 
than 0.1265 exhibited reduced likelihood of having amputation (OR: 0.092 (95% CI: 0.038‒0.226, P < 0.001)).

Conclusions  This study supports that NLR, PLR and LWR may have value as a predictive marker for amputation in 
patients with DFUs.
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Introduction
Diabetes, a metabolic disorder characterized by chronic 
hyperglycemia, affects an estimated 9.3% of adults glob-
ally [1]. Its prevalence is projected to rise to 10.9% by 
2045, with a steep increase of 150% between 2000 and 
2035 expected in South Asian countries [2, 3]. Chronic 
hyperglycemia induces systematic inflammatory reac-
tions that can lead to several consequences, such as 
micro- and macrovascular complications, peripheral 
neuropathy, and diabetic foot ulcer (DFU) [4–6]. Among 
these, DFU poses a significant challenge to both patients 
and healthcare systems [7, 8]. 

DFU causes can be categorized into neuropathic, isch-
emic, and neuro-ischemic causes. Moreover, peripheral 
arterial disease (PAD) occurs in approximately 50% of 
patients with DFUs [7]. Among individuals with diabe-
tes, DFU is among the most common causes of hospital-
ization and can result in disability and death [9, 10]. The 
global lifetime risk of developing a DFU in patients with 
diabetes is estimated to be 15–25%, with approximately 
18.6 million people affected annually [11–13]. A multidis-
ciplinary approach is warranted to decrease undesirable 
outcomes such as amputation and death [14]. The main 
therapeutic options for DFU include surgical debride-
ment, relieving weight-bearing pressure on the ulcers, 
and treating foot infections [1]. However, conditions such 
as sensory loss, insufficient blood supply due to arterial 
impairment, and dysfunctions in foot biomechanics can 
lead to lower extremity amputations (LEAs) [15, 16]. The 
surgical debridement procedure includes the excision of 
necrotic and infected tissues. LEA might be an option in 
patients who have PAD and severe progressing infection 
and in patients with insufficiently controlled diabetes fol-
lowed by chronic ischemia who have unsuccessful angio-
plasty surgery [17, 18]. 

Recent research has focused on inflammatory biomark-
ers as potential predictors of DFU outcomes. Defects in 
glucose metabolism augment reactive oxygen species 
production, leading to lymphocyte dysfunction and an 
accelerated apoptosis cascade [2]. Despite this impair-
ment, lymphocytes play a crucial modulatory role in 
the inflammatory response by inducing interleukin-10 
expression, which could contribute to tissue repair pro-
cesses [19]. The neutrophil‒lymphocyte ratio (NLR) and 
platelet‒lymphocyte ratio (PLR) are inflammatory bio-
markers that can predict mortality risk in populations 
with cardiovascular disease (CVD) and cancer [20–22]. 
Moreover, these ratios have shown promise in predicting 
the development of diabetes complications [23]. 

The mechanisms underlying the predictive value of 
these biomarkers are multifaceted. Elevated PLRs are 
associated with increased secretion of mediators associ-
ated with atherosclerosis, consequently increasing the 
risk of thrombosis and inflammation due to increased 

platelet activity. Similarly, an elevated NLR may contrib-
ute to endothelial impairment and dysfunction through 
increased neutrophil activity [2]. Notably, the NLR can be 
used as an independent predictor of wound healing [24]. 
Postoperative values of the PLR and NLR can be consid-
ered reliable predictors of mortality in patients with DFU 
who undergo LEA [2]. 

Another biomarker of interest is the lymphocyte‒white 
blood cell ratio (LWR), which reflects systemic inflam-
matory reactions. A decreased LWR can be considered 
either an impaired or enhanced immune response [25]. 
Mean platelet volume (MPV) represents the average 
platelet volume and activity. Larger platelets, which are 
typically younger and more active [26], may play a con-
siderable role in diabetes complications. Diabetes can 
induce hyperactivity of platelets through various mecha-
nisms, such as high blood sugar, dyslipidemia, insulin 
resistance, and oxidative and inflammatory states [27]. 
Increased platelet activity induces the development of 
diabetes-related vascular complications, including DFU. 
The platelet volume is influenced by the pathogenic fac-
tors that lead to DFUs. A high MPV indicates more 
potent platelet release, leading to more thrombogenic 
conditions that enhance DFU development and subse-
quent amputation risk [28]. 

LEA occurs ten times more frequently in patients with 
diabetes than in individuals without diabetes [29]. More-
over, the risk of mortality in the population with diabetes 
who have experienced LEA is two to three times greater 
than that in those without LEA [4]. The economic bur-
den is equally substantial, with a total of $41  billion, 
accounting for approximately 1,6% of all medical health-
care expenditures, attributed to individuals with diabetes 
and lower extremity wounds in the United States Medi-
care program in 2012 [30]. Given the significant clinical 
and economic impacts of DFUs and their complications, 
there is a pressing need for accessible and simple parame-
ters to assess the severity of DFUs and predict outcomes. 
The NLR and PLR are systemic inflammation markers 
that can be acquired from routine blood tests, such as 
complete blood count (CBC), and can be applied in clini-
cal practice. The present study aims to compare the NLR, 
PLR, LWR, and MPV in a population with DFU who 
underwent LEA or experienced surgical debridement, 
potentially identifying valuable predictors of amputation 
risk in this group.

Method
Study design
Retrospective data were obtained from 126 individuals 
with known DFUs referred to a university hospital from 
2017 to 2022. Participants were identified from the hos-
pital’s electronic medical records using the ICD-10 diag-
nosis code E11.621 (DFU). Additional verification was 
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performed through manual review of clinical charts. 
Patients were initially selected on an alternating basis 
depending on whether they underwent amputation or 
debridement during hospitalization. Following this selec-
tion, adjustments were made for age and sex to minimize 
confounding effects. The two groups were adjusted for 
age and sex to ensure comparability but were not strictly 
matched in a 1:1 manner, and each contained 63 patients. 
This study included individuals with known DFUs who 
were hospitalized due to complications such as severe 
infection, gangrene, ischemia, or failure of outpatient 
wound management. Some patients required urgent sur-
gical intervention due to disease progression. All patients 
underwent either LEA, which could be categorized as 
either major (above the ankle) or minor (below the ankle) 
amputation, or debridement during hospitalization. The 
participants were older than 18 years. Diabetes was diag-
nosed based on criteria outlined by the American Diabe-
tes Association (ADA) [31]. DFU is described as a defect 
that involves all layers of skin and needs at least 2 weeks 
to heal [32]. DFU diagnosis was based on clinical features 
(edema, erythema, pain, tenderness, wound discharge, 
warmth, and foul odor). The size, location, depth, and 
color were determined via physical examination. While 
some of these signs suggest infection, this study included 
both infected and noninfected DFUs. The presence of 
infection was determined on the basis of additional clini-
cal and microbiological assessments.

The decision to perform amputation or debridement 
was based on the severity of the ulcer, presence of infec-
tion, vascular status, and overall prognosis.

The surgical debridement procedure included the exci-
sion of necrotic and infected tissues along with the daily 
use of cotton gauze moistened with saline. Debridement 
of the involved tissue was continued until bleeding was 
obtained from a healthy base.

After identifying patients admitted to hospital with 
DFUs in the study-period, the following exclusion crite-
ria were applied; the presence of malignancy, transfusion 
history within past three months, end stage renal disease 
(ESRD), autoimmune disease, pregnancy, hematologic 
disorders, simultaneous infection in other organ systems, 
and consumption of antibiotics or glucocorticoids within 
the past four weeks before admission. (Fig. 1)

This study was conducted in accordance with the prin-
ciples of the Helsinki Declaration. The hospital’s eth-
ics committee approved the study protocol. (Ethic code: 
IR.TUMS.IKHC.REC.1399.507). All patients had previ-
ously provided general consent for their medical data to 
be used for research purposes upon hospital admission.

Data collection and laboratory analysis
Patient data were collected from medical records at 
initial admission. The data included demographic 

characteristics (age, sex, smoking history), duration 
of hospitalization, and type of therapeutic interven-
tion (debridement or amputation). Clinical parameters 
such as fasting blood sugar (FBS) and hemoglobin A1c 
(HbA1c) were also documented.

As part of routine clinical practice, anthropometric 
measurements, including blood pressure, temperature, 
and pulse rate, were recorded at the time of admission by 
hospital staff. These data were retrospectively extracted 
from medical records. Systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) were measured via a stan-
dard mercury sphygmomanometer after 10 min of rest in 
a seated position. The pulse rate was recorded by count-
ing the number of beats for 60 s, and the temperature was 
measured using a calibrated thermometer held under the 
tongue for 30  s to 1  min. All laboratory measurements 
were also retrospectively collected from patient records. 
The Quetelet formula was utilized to assess body mass 
index (BMI; kilograms per square meter).

Approximately 10  ml of fresh blood sample was 
obtained from patients following ten to twelve hours of 
overnight fasting and was assessed via kits certified by 
the central reference laboratory. Whole blood was used 
for the estimation of FBS, HbA1c, and CBC. HbA1c lev-
els were measured with high-performance liquid chro-
matography (DS5 Pink Kit; Drew, Marseille, France). To 
calculate the FBS content, calorimetry methods were 
carried out along with the glucose oxidase test. To mea-
sure CBC, fresh blood was collected in 1.5 mg/ml tubes 
containing ethylenediamine tetraacetic acid (EDTA), and 
an automatic cell counter machine (XT-1800i model, 
Sysmex, Japan) was used. Lymphocyte and neutrophil 
counts were estimated via total white blood cells (WBC) 
count and differential percentages and were reported as 
both total count and percentage. The PLR was estimated 
by dividing the platelet count by the lymphocyte count, 
whereas the NLR was measured by dividing the neutro-
phil count by the lymphocyte count. The MPV was cal-
culated as the ratio of the plateletcrit (PCT) to the total 
platelet count. The ratio of the lymphocyte count to the 
total WBC count was presented as the LWR.

Statistical analyses
All the statistical analyses were carried out via R software 
(version 4.2.3, R Foundation for Statistical Computing, 
Vienna, Austria) and IBM SPSS software version 24.0 
(SPSS Inc., Chicago, Illinois, USA). P values less than 
0.05 were considered statistically significant. To assess 
the normal distribution of the study population, Shapiro‒
Wilk tests, p-p tests, plots, and histograms were applied. 
Continuous variables were expressed as the median 
(First quartile, third quartile) (Q1, Q3) for variables with-
out a normal distribution and means ± standard devia-
tions (SD) for variables with a normal distribution. The 
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normally distributed variables were compared within 
the two studied groups via the t-test, and for variables 
without a normal distribution, the Whitney U test was 
applied. Categorical variables were presented as fre-
quencies or percentages, and to evaluate their relation-
ships, the chi-square test was applied. Violin plots were 
also designed to show the distributions of the NLR, PLR, 
MPV, and LWR variables between the two study groups, 
including those planned for amputation and those 
planned for debridement. Additionally, receiver operat-
ing characteristic (ROC) curves were employed to assess 
the predictive capability of the NLR, PLR, MPV, and LWR 
for amputation. The maximum Youden index was applied 
to identify the optimal threshold for each plot. Binary 

conditional logistic regression was employed to evaluate 
the odds ratios (ORs) and 95% confidence intervals (CIs) 
of the inflammatory indices for amputation plans in indi-
viduals with DFUs. Inflammatory values within a normal 
range were considered a reference, with an odds ratio of 
1.00. Analyses were conducted via univariate and multi-
variate regression models adjusted for gender, age, diabe-
tes medications, BMI, duration of diabetes, and smoking 
status. The association between each inflammatory index 
and amputation was further examined via restricted 
cubic spline (RCS) model with four knots.

Fig. 1  Flowchart representation of the patient selection process (PRISMA flowchart)
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Results
Baseline characteristics
A total of 126 patients were identified for the current 
study, with women constituting 38.9% of the total popu-
lation. Patients with extensive necrosis, critical limb isch-
emia, or severe, uncontrolled infection were more likely 
to undergo amputation. In contrast, patients with viable 
tissue, adequate blood supply, and a controlled infection 

were considered for debridement. The final decision was 
made by the attending surgical team on the basis of the 
patients’ clinical judgment and condition.

The mean (± SD) age of the patients was 60.81 ± 11.21 
years in the amputation group and 57.05 ± 11.90 years in 
the debridement group. The duration of admission was a 
median (Q1, Q3) of 12, (8, 18) days in patients who were 
amputated and 9 (7, 15) days in the debridement group 
(p = 0.015). Approximately 79.3% of patients received oral 
anti-diabetic drugs (OADs), followed by 7.9% OADs plus 
insulin and 12.8% insulin alone. There were no significant 
differences in medication use between the debridement 
and amputation groups. About 39% of patients in the 
amputation group had a history of smoking, which was 
not significantly higher than the 36.5% reported in the 
debridement group. The median levels of FBS and HbA1c 
were slightly greater in patients who were candidates for 
amputation than in those in the other group, the differ-
ence was, however, not statistically significant (p = 0.923 
and p = 0.774, respectively). No significant differences 
were found in the values of SBP, DBP, temperature, or 
pulse rate between the two groups (p = 0.849, p = 0.792, 
p = 0.895, and p = 0.758, respectively). The baseline char-
acteristics and laboratory findings of the patients in each 
category are presented in Table 1.

The laboratory findings in the amputation group, 
including WBC, neutrophil, lymphocyte, and platelet 
counts, had median (Q1, Q3) values of 14,000 (10800, 
18700), 12368.5 (8586, 16652), 1208.4 (1027.2, 1564.2), 
and 327 (249–455) ×10³/µL, respectively. In comparison, 
the debridement group presented the following median 
(Q1, Q3) values: WBC: 11,800 (8300, 15300), neutrophil 
count: 9138.8 (5592, 11735.1), lymphocyte count: 1805.4 
(1421.9, 2318.8), and platelet count: 321 (241–426) × 10³/
µL. Significant differences in the WBC (P = 0.004), neu-
trophil (p < 0.001), and lymphocyte (p < 0.001) counts 
were detected between the debridement and amputation 
groups, whereas the platelet counts did not significantly 
differ between the two groups (p = 0.563).

Systemic inflammatory response markers, including the 
NLR, PLR, LWR, and MPV, were compared between the 
two groups, revealing significant differences in the NLR 
(P < 0.001) and PLR (P = 0.008), which were substantially 
greater in patients who underwent amputation. However, 
LWR (p < 0.001) was significantly higher in those with a 
debridement plan compared to the other group.

Violin plots were generated to visualize the distribu-
tions of the NLR (A), PLR (B), LWR (C), and MPV (D) 
in the two studied groups. The results indicated that 
the median (Q1, Q3) NLR was 9.41 (6.41, 16.52) in the 
amputation group and 5.53 (3.45, 6.50) in those with 
debridement plan (Fig. 2A). As shown in Fig. 2B and C, 
the median (Q1, Q3) PLR and LWR values were 245.37 
(143.91, 354.60) and 0.091 (0.053, 0.126), respectively, in 

Table 1  Baseline characteristics of the studied participants
Variable Amputation 

group (n = 63)
Debride-
ment group 
(n = 63)

P 
value

Age (years) 60.81 ± 11.21 57.05 ± 11.90 0.850
Female (%) 20(31.7%) 29(46%) 0.920
Duration of admission (days) 12(8–18) 9(7–15) 0.045
BMI (kg/m2) 26.51 ± 0.74 26.30 ± 0.63 0.089
Duration of diabetes (years) 11.04 ± 1.53 10.58 ± 1.25 0.067
Pulse Rate
(Beats per minute)

90(85–98) 90(80–100) 0.758

Temperature (°C) 37.3 (37–38) 37.5 
(36.9–38)

0.895

Blood pressure 
(mmHg)

SBP 129.5 
(110-142.50)

130 
(110–140)

0.849

DBP 74 (68–85) 75 (70–80) 0.792
FBS (mg/dL) 258 

(168.75-348.25)
252 
(165–351)

0.923

HbA1c (%) 9.6 (7.8-11.55) 9.5 
(7.5–10.8)

0.774

WBC (cells/µL) 14,000 
(10800–18700)

11,800 
(8300–
15300)

0.004

Neutrophil (%) 88.34% 77.44% < 0.001
Neutrophil (Absolute)(cells/
µL)

12368.5 
(8586–16652)

9138.8 
(5592-
11735.1)

< 0.001

Lymphocyte (%) 8.63% 15.3% < 0.001
Lymphocyte (Absolute)
(cells/µL)

1208.4 
(1027.2-1564.2)

1805.4 
(1421.9-
2318.8)

< 0.001

Platelet (10³/µL) 327 (249–455) 321 
(241–426)

0.563

MPV (fL) 9.3 (8.7–10.2) 9.45 
(8.7–10.3)

0.776

NLR 9.41 (6.41–16.52) 5.53 
(3.45–6.50)

< 0.001

PLR 245.37 
(143.91–354.60)

175.90 
(135.29-
233.77)

0.008

LWR 0.0910 
(0.0530–0.1260)

0.1430 
(0.1200–
0.2100)

< 0.001

Data are presented as the means ± SDs or medians (Q1, Q3) for continuous 
variables or as numbers (%) for categorical variables

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood 
pressure; FBS: fasting blood sugar; HbA1c: hemoglobin A1c; WBC: white blood 
cells; MPV: mean platelet volume; NLR: neutrophil-to-lymphocyte ratio; PLR: 
platelet-to-lymphocyte ratio; LWR: lymphocyte-to-WBC ratio; SD: standard 
deviation; Q1: first quartile; Q3: third quartile
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the amputation group, whereas the debridement group 
had lower median (Q1, Q3) PLR [175.90 (135.29, 233.77)] 
and higher LWR values [0.143 (0.120, 0.210)]. Figure 2D 
shows the median (Q1, Q3) value of the MPV, which 
was 9.3 (8.7, 10.2) in the amputation group and 9.45 (8.7, 
10.3) in the debridement group.

ROC curve analysis was performed to assess the diag-
nostic accuracy of the NLR, LWR, PLR, and MPV for 
predicting the need for amputation in patients with 

DFUs. (Fig.  3-Table  2) The area under the curve (AUC) 
values were 0.822 for NLR, 0.812 for LWR, 0.637 for PLR, 
and 0.515 for MPV. Among these systemic inflammatory 
response markers, the NLR demonstrated the highest dis-
criminatory power for the need for amputation, with an 
optimal cutoff value of 6.08, a sensitivity of 82.5%, and a 
specificity of 70%. The optimal cutoff values for the other 
markers were as follows: LWR = 0.126 (sensitivity = 77.7%, 
specificity = 73%), PLR = 242.44 (sensitivity = 50.7%, 

Fig. 2  Violin plots of the NLR, PLR, LWR, and MPV in the amputation group versus the debridement group. Violin plots were constructed to represent the 
distributions of the NLR (A), PLR (B), LWR (C), and MPV (D) in the amputation and debridement groups. The median (Q1, Q3) NLR was 9.41 (6.41, 16.52) 
in the amputation category and 5.53 (3.45, 6.50) in the debridement category (Fig. 2A). The group that underwent debridement had significantly lower 
PLRs but higher LWRs, with median (Q1, Q3) values of 175.90 (135.29, 233.77) and 0.1430 (0.1200, 0.2100), respectively (Fig. 2B and C). The median (Q1, 
Q3) MPV was 9.3 (8.7, 10.2) for patients who underwent amputation, whereas it was 9.45 (8.7, 10.3) for those who were treated by debridement (Fig. 2D). 
NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; LWR: lymphocyte-to-WBC ratio; MPV: mean platelet volume; Q1: first quartile; Q3: 
third quartile
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specificity = 84%), and MPV = 9.75 (sensitivity = 67.7%, 
specificity = 50%).

The AUC values for the markers were as follows: NLR 
(0.822), LWR (0.812), PLR (0.637), and MPV (0.515). 
The NLR showed the strongest discriminatory ability 
for amputation necessity, with an optimal cutoff of 6.08, 
yielding a sensitivity of 82.5% and specificity of 70%. The 
optimal cutoff values for the other markers were 0.126 for 
the LWR, with a sensitivity of 77.7% and a specificity of 
73%, 242.44 for the PLR, with a sensitivity of 50.7% and a 
specificity of 84%, and 9.75 for the MPV, with a sensitivity 
of 67.7% and a specificity of 50%.

ROC: receiver operating characteristic; NLR: neutro-
phil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte 

ratio; LWR: lymphocyte-to-WBC ratio; MPV: mean 
platelet volume; DFU: diabetic foot ulcer; AUC: area 
under the curve.

Logistic regression analysis revealed a significant asso-
ciation between the odds of amputation and certain sys-
temic inflammatory response markers, specifically the 
NLR and PLR. The unadjusted analysis revealed a sub-
stantial relationship between the NLR (OR: 1.436, 95% 
[CI]: 1.231–1.675, P ≤ 0.001) and the PLR (OR: 1.004, 
95% CI: 1.001–1.007, P = 0.015), with increased odds 
of amputation compared with debridement. This asso-
ciation remained significant after adjusting for potential 
confounding factors, including age, sex, diabetes medica-
tions, BMI, duration of diabetes, and smoking, with ORs 
of 1.509 (95% CI: 1.257–1.811, P < 0.001) and 1.004 (95% 
CI: 1.001–1.007, P = 0.017), respectively.

Categorical regression analysis further highlighted 
the elevated odds of amputation in patients with an 
NLR greater than 6.08, with an OR of 13.090 (95% CI: 
5.143–33.320, P < 0.001), compared with those with an 
NLR less than 6.08. Additionally, patients with a PLR 
greater than 210 had significantly higher odds of amputa-
tion (OR: 2.231, 95% CI: 1.066–4.669, P = 0.033), whereas 
those with an LWR greater than 0.1265 had significantly 

Table 2  ROC curve analysis of systemic inflammatory response 
markers for detecting the need for amputation in patients with 
DFU

AUC Specificity Sensitivity Cutoff
NLR 0.822 %70 %82.5 6.08
LWR 0.812 %73 %77.7 0.126
PLR 0.637 %84 %50.7 242.44
MPV 0.515 %50 %67.7 9.75
ROC: receiver operating characteristic; DFU: diabetic foot ulcer; NLR: 
neutrophil-to-lymphocyte ratio; LWR: lymphocyte-to-WBC ratio; PLR: platelet-
to-lymphocyte ratio; MPV: mean platelet volume; AUC: area under the curve

Fig. 3  ROC curves of the NLR, PLR, LWR, and MPV in predicting the need for amputation in patients with DFU
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lower odds (OR: 0.092, 95% CI: 0.038–0.226, P < 0.001) 
(Table 3).

The RCS models revealed that an NLR higher than 
6.08 (A), a PLR greater than 210 (B), and an LWR less 
than 0.1265 (C) were associated with an increased like-
lihood of requiring amputation in patients with DFUs 
(Fig. 4). Each RCS model incorporated four knots, which 
were determined on the basis of the distribution of the 
associated variable. The reference values for these curves 
were established as follows: NLR = 6.08; PLR = 210; 
LWR = 0.1256; and MPV = 9.8.

Discussion
This study demonstrated that patients who underwent 
amputation had significantly higher NLR and PLR values 
and lower LWR values compared to those who under-
went debridement. These findings suggest that systemic 
inflammatory markers may be associated with the sever-
ity of DFUs and the likelihood of requiring amputation. 
However, the MPV was not significantly associated with 
DFU outcomes in the current study.

The significant association between the NLR and the 
need for amputation in DFUs is consistent with previous 
research highlighting the crucial role of inflammation in 
diabetic foot complications [33–40]. Yüce et al. reported 
that a high preoperative NLR was significantly associated 
with increased 1-year mortality in patients who under-
went amputation due to diabetic foot complications [38]. 
Similarly, Xu et al. reported that higher NLR values were 
significantly correlated with worse prognoses, includ-
ing higher rates of major amputations and mortality in 
patients with DFU [35]. Moreover, Zhu et al. identified 
the NLR as an independent risk factor for diabetic ulcer-
related amputation, indicating that patients with higher 
NLR values had a lower amputation-free survival rate 
[40]. Demirdal and Sen also highlighted that the NLR, 
along with other inflammatory markers, could predict 
the need for amputation in diabetic foot infections (DFIs) 
[33]. The NLR demonstrated the highest AUC (0.822) 
in the ROC analysis for the prediction of amputation in 
the current study. This robust association underscores 
the potential of the NLR as a valuable prognostic tool in 
DFUs. These findings align with those of Vatankhah et al., 
who reported an association between increased NLR val-
ues and having a greater likelihood of nonhealing ulcers 
[24]. 

Logistic regression analysis further confirmed the 
significance of the NLR, revealing that patients with 
an NLR ≥ 6.08 had substantially greater odds of requir-
ing amputation (OR: 13.090, 95% CI: 5.143–33.320; 
P < 0.001). This association persisted after adjusting for 
potential confounding factors, underscoring the poten-
tial predictive ability of the NLR for amputation. An ele-
vated NLR reflects an increased neutrophil count and/
or a decreased lymphocyte count, indicating an ongo-
ing inflammatory response. Neutrophils are key players 
in the acute inflammatory response, releasing enzymes 
and reactive oxygen species (ROS) that can exacerbate 
tissue damage. Conversely, lymphocytes are crucial for 
the adaptive immune response, and their reduction may 
signify impaired immune function [33, 36, 41]. In DFUs, 
chronic inflammation and infections are common. Ele-
vated NLR values have been reported to be associated 
with more severe infections and poorer wound healing 
outcomes, which could be explained by the role of neu-
trophils in both combating infection as well as causing 
collateral tissue damage through the release of proteo-
lytic enzymes and oxidative agents [24, 42]. Patients with 
diabetes often suffer from microvascular complications, 
which can be exacerbated by systemic inflammation. An 
elevated NLR was also shown to have a link with poorer 
outcomes in patients with PAD, a common comorbidity 
in patients with DFU, which can lead to critical limb isch-
emia and necessitate amputation [33, 43]. 

Table 3  Association of systemic inflammatory response markers 
with the odds of amputation

OR 95% CI P 
value

Unadjusted
MPV 1.020 (0.740–1.407) 0.902
NLR 1.436 (1.231–1.675) < 0.001
PLR 1.004 (1.001–1.007) 0.015
LWR 0.148 (0.062–0.304) < 0.001
Adjusted*
MPV 1.053 (0.757–1.464) 0.760
NLR 1.509 (1.257–1.811) < 0.001
PLR 1.004 (1.001–1.007) 0.017
LWR 0.151 (0.063–0.310) < 0.001
Cutoffs OR 95% CI P 

value
MPV in category MPV < 9.8 1.00 

(reference)
- -

MPV ≥ 9.8 0.704 (0.330–1.502) 0.364
NLR in category NLR < 6.08 1.00 

(reference)
- -

NLR ≥ 6.08 13.090 (5.143—
33.320)

< 0.001

PLR in category PLR < 210 1.00 
(reference)

- -

PLR ≥ 210 2.231 (1.066–4.669) 0.033
LWR in category LWR < 0.1265 1.00 

(reference)
- -

LWR ≥ 0.1265 0.092 (0.038–0.226) < 0.001
* Adjusted for age, sex, diabetes medications, body mass index, duration of 
diabetes, and smoking status

OR: odds ratio; CI: confidence interval; MPV: mean platelet volume; NLR: 
neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; LWR: 
lymphocyte-to-WBC ratio
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In the current study, PLR was significantly associated 
with an increased likelihood of amputation, which was 
similar to previous studies [33, 36, 44–46]. Demirdal and 
Sen reported that the PLR, along with the NLR and lym-
phocyte-to-monocyte ratio (LMR), could serve as predic-
tors for amputation in those with DFIs. Specifically, the 
PLR was significantly greater in patients who required 
amputation than in those who needed only debridement 
or drainage [33]. Xu et al. also identified the PLR as an 
independent risk factor for amputation in patients with 
DFUs. They highlighted the PLR, along with C-reactive 
protein (CRP) and the NLR, as key markers that can aid 
in predicting the risk of amputation [36]. Aydın et al. 

further supported these findings by showing that higher 
PLR values were associated with an increased risk of 
amputation in patients with DFU. Their study demon-
strated that the PLR, along with other inflammatory 
markers, could serve as a cost-effective and readily avail-
able tool for assessing the risk of amputation [45]. 

Platelets play crucial roles in the inflammatory response 
and tissue repair processes, and alterations in the PLR 
may reflect systemic inflammation and vascular dysfunc-
tion, both of which are implicated in diabetic foot com-
plications [47, 48]. An elevated PLR reflects a heightened 
inflammatory state and an altered immune response. 
Platelets play a role in inflammation and thrombosis, 

Fig. 4  Associations between the NLR, PLR, LWR and MPV and amputation in the treatment of DFU. The RCS models were used to investigate the associa-
tions between the NLR (A), PLR (B), LWR (C) and MPV (D) and the likelihood of amputation as the treatment of DFUs. Each RCS consisted of four knots 
on the basis of the distribution of the associated variable. The reference values for the aforementioned curves were as follows: NLR = 6.08; PLR = 210; 
LWR = 0.1256; and MPV = 9.8. NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; LWR: lymphocyte-to-WBC ratio; MPV: mean platelet 
volume; DFU: diabetic foot ulcer; RCS: restricted cubic spline
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whereas lymphocytes are crucial for immune regulation. 
An increased PLR indicates a greater platelet count rela-
tive to the lymphocyte count, suggesting an imbalance 
favoring inflammation and a pro-thrombotic state [33, 
36, 49]. In patients with diabetes, chronic hyperglycemia 
leads to endothelial dysfunction and microvascular com-
plications. Elevated PLR is associated with worse micro-
vascular health, which can exacerbate tissue ischemia 
and impair wound healing, increasing the risk of infec-
tion and subsequent amputation [40, 50]. In the current 
study, ROC analysis revealed an AUC of 0.637 for the 
predictive ability of PLR for amputation, further support-
ing its potential as a prognostic marker.

In the current study, the LWR showed promising 
results, with an AUC of 0.812 and an optimal cutoff value 
of 0.1265 (sensitivity of 77.7%, specificity of 73%) for 
the prediction of amputation. The inverse relationship 
between LWR and odds of amputation, as illustrated by 
the RCS model, suggested that lower LWR values were 
associated with a greater probability of amputation. This 
finding was consistent with the concept that lymphope-
nia, often observed in severe inflammatory states, may be 
indicative of poor outcomes in patients with DFU [51]. 
Demirdal and Sen reported that lower levels of LMR 
were associated with amputation risk in DFIs [33]. The 
pathophysiological mechanisms include increased oxi-
dative stress, impaired angiogenesis, and excessive M1 
macrophage polarization, which are all detrimental to 
wound healing. Seraphim et al. also reported that a lack 
of lymphocytes impairs macrophage polarization and 
angiogenesis, further complicating the healing process in 
diabetic wounds [52]. 

Despite the controversy regarding the relationship 
between the MPV and DFU outcome [53–56],, no signifi-
cant association between MPV levels and the likelihood 
of amputation was found in the current analysis. Moon 
et al. demonstrated that elevated platelet counts were a 
significant risk factor for major amputation in patients 
with diabetic forefoot ulcers [55]. Furthermore, a review 
by Korniluk et al. discussed the role of the MPV as a bio-
marker in various inflammatory conditions, including 
diabetes. An increased MPV was reported to be associ-
ated with increased platelet reactivity and proinflam-
matory states [54]. MPV, a measure of platelet size and 
a proposed marker of platelet activation and function, 
demonstrated the lowest AUC (0.515) among the inflam-
matory markers in this study. Studies have shown that a 
low MPV is associated with a greater risk of critical limb 
ischemia (CLI) in patients with PAD, which is a common 
comorbidity in patients with diabetes [57]. Furthermore, 
patients with diabetes often exhibit increased platelet 
reactivity and a larger MPV, which correlates with poor 
glycemic control and increased cardiovascular risk. This 
heightened platelet activity can exacerbate microvascular 

and macrovascular complications, contributing to the 
pathogenesis of DFUs and increasing the likelihood of 
amputation [58]. The discrepancy with some earlier stud-
ies might be due to differences in study populations or 
glycemic control status, which can influence MPV levels 
[59]. 

This study had some limitations. Because of the design 
of the study, it was not possible to examine causal rela-
tionships. This study encountered gaps in the data for 
some variables, such as CRP and estimated glomerular 
filtration rate (eGFR) levels, and other medical treat-
ments, because this information was not uniformly 
accessible in all patient records. Incorporating these tests 
might have improved the scientific significance of the 
study. Moreover, although the sample size of 126 patients 
offers useful insights, conducting larger prospective stud-
ies that include control groups would be advantageous to 
further confirm these results and investigate their appli-
cability to various populations.

Conclusion
In conclusion, the current findings support the poten-
tial role of NLR, PLR, and LWR as predictive mark-
ers for amputation risk in patients with DFU. However, 
additional prospective studies and large-scale epidemio-
logical investigations are necessary to validate these find-
ings before they can be integrated into routine clinical 
decision-making.
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