
ABSTRACT

Objective: The aim of this study was to determine the role of new inflammatory markers, including the platelet-to-lymphocyte ratio 
(PLR) and neutrophil-to-lymphocyte ratio (NLR), in the prediction of length and cost of hospital stay in patients with infected 
diabetic foot ulcers (DFUs). 

Methods: A total of 78 patients with DFUs who were admitted to our endocrinology clinic between January 2016 and July 2017 
were included. Patients were then divided into three groups according to the Wagner DFU classification system: group 1: 18 pa-
tients with grade 2 DFU (11 men, 7 women; mean age = 57.5±7 years); group 2: 44 patients with grade 3 DFU (18 men, 26 women; 
mean age = 59.7±8.7 years); and group 3: 16 patients with grade 4 DFU (10 men, 6 women; mean age = 59.9±11.6 years). Labora-
tory findings were retrospectively obtained from hospital records; the PLR and NLR were calculated in all groups. Length and cost 
of hospital stay were recorded. Hospital costs were estimated in Turkish Lira (TL) based on the evaluation of glucose regulation, 
wound care, and antibiotic treatment. 

Results: The mean NLR was significantly lower in group 1 (2.8±0.9) than in group 2 (6.0±5.2; p=0.017) and group 3 (6.9±5.3; 
p=0.011). The mean PLR was significantly lower in group 1 (140.8±42.6) than in group 3 (222.1±95.5; p=0.006). The mean length 
of stay was 7.9±2.7 days in group 1, 15.0±8.9 days in group 2, and 12.5±8.9 days in group 3. The mean cost was 1,310.8±500 TL 
in group 1, 2,966.9±2105 TL in group 2, and 3,488.1±3603.1 TL in group 3. Length and cost of stay were both significantly lower 
in group 1 than in groups 2 and 3 (p=0.011 and p=0.002, respectively). Comparative results showed that the length and cost of 
hospital stay increased with increasing severity of DFUs. Furthermore, correlation analyses demonstrated no correlation of length 
of stay with PLR and NLR but an obvious correlation between cost of stay and PLR (r=0.412; p<0.001). Additionally, there was no 
correlation between cost of stay and NLR (r=0.158, p>0.05). 

Conclusion: The PLR is inflammatory marker that can be measured by an inexpensive and easily accessible test and can aid in the 
prediction of length and cost of hospital stay in patients with DFUs. 

Level of Evidence: Level III, Therapeutic study
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A diabetic foot ulcer (DFU) is a common compli-
cation of diabetes with increased morbidity and 
mortality (1-3). It is a leading cause of hospitaliza-
tion among diabetic patients and can lead to infec-
tion, gangrene, and amputation, which are respon-
sible for a considerable amount of the huge total 
costs for diabetes care (4). Many predictors such 
as clinical scores and laboratory parameters have 
been studied for estimating the length and cost of 
stay in hospital, wound healing, and amputation 
(2, 5-10).

The platelet-to-lymphocyte ratio (PLR) is a new 
inflammatory marker and independent predictor 
of major adverse cardiovascular events in differ-
ent cardiovascular diseases (11). Moreover, the 
neutrophil-to-lymphocyte ratio (NLR) has been 
suggested as an indicator of systemic inflamma-
tion and a potential marker of inflammation in 
diabetic micro- and macrovascular complications 
(12). However, neither the PLR nor the NLR was 
studied in terms of cost and length of stay in case 
of DFUs.
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We therefore conducted this study to compared the NLR and 
PLR with conventional inflammatory markers [white blood cell 
(WBC) count, erythrocyte sedimentation rate (ESR), and C-re-
active protein (CRP)] in terms of estimating the length and cost 
of hospital stay in patients with infected DFUs.

Materials and Methods

Data from hospitalized patients with DFUs and infections [di-
agnosed by the presence of systemic signs of infection, purulent 
secretions, or at least two local findings of inflammation (e.g., 
redness, warmth, swelling, pain, and tenderness)] who were ad-
mitted to the Endocrinology Clinic between January 1, 2016, 
and July 1, 2017, were collected for our retrospective compara-
tive study. Written informed consent was obtained from the all 
participant. Cost was estimated in terms of the evaluation of glu-
cose regulation, ulcer, wound care, and antibiotic treatment. The 
cost of amputation was not included. Patients with severe hepatic 
failure, end-stage renal failure, known malignancy, and rheuma-
tological disease and infections other than DFUs were excluded. 
The details of DFU features and biochemical results were ex-
tracted from patient charts and the hospital information system. 
Data included age, sex, Wagner DFU classification, and cost and 
length of hospital stay. Biochemical analyses were blood glucose, 
creatinine, CRP, and hemoglobin (Hgb) levels; glycosylated hae-
moglobin (A1C); WBC and platelet (PLT) counts; and ESR. The 
PLR and NLR were calculated from the total blood count. The 
study protocol conforms to the principles of the Helsinki Decla-
ration and was approved by the local ethical committee.

Patients with Wagner’s grade 1 DFUs were not included since 
they could be treated in the outpatient clinic. We divided our 
patients into three groups according to the Wagner classifica-
tion (there was no patient with grade 5 DFUs): group 1: grade 2 
DFUs (n=18); group 2: grade 3 DFUs (n=44); and group 3: grade 
4 DFUs (n=16). Patients with grade 2 or 3 DFUs who had radio-
logically detected vascular major occlusion and needed an inter-
ventional procedure were excluded.

Statistical analysis
All statically analyses were performed using the Statistical Pack-
age for Social Sciences for Windows, version 20.0 (IBM Corp.; 
Armonk, NY, USA). For continuous variables, the Kolmogor-
ov–Smirnov test was first used to define sample distribution and 

one-way analysis of variance or the Kruskal–Wallis test was then 
chosen to compare independent samples. Then, Tukey’s or the 
Mann–Whitney U test was used as a posthoc test. For categori-
cal variables, the Chi-square test was used to detect differences. 
Pearson’ s correlation test was used to determine correlations be-
tween length and cost of stay and other clinical and laboratory 
parameters. Data are presented as mean ± standard deviation. A 
p value < 0.05 was considered statistically significant.

Results 

There was no statically significant difference between the groups 
in terms of mean age; sex; A1c; glucose, creatinine and alanine 
aminotransferase levels, and PLT count. WBC count was signifi-
cantly higher in groups 2 and 3 than in group 1 (p=0.008 and 
p=0.015, respectively). Hgb level was significantly higher in 
group 1 than in group 3 (p=0.009). CRP levels were significantly 
higher in groups 2 and 3 than in group 1 (p<0.001 and p=0.009, 
respectively). ESR was significantly higher in groups 2 and 3 
than in group 1 (p<0.001 for all). PLR was significantly lower in 
group 1 than in group 3 (p=0.006). NLR was significantly lower 
in group 1 than in groups 2 and 3 (p=0.017 and p=0.011, respec-
tively). Length and cost of stay were significantly lower in group 
1 than in groups 2 and 3 (p=0.011 and p=0.002, respectively) 
(Table 1).

Correlation analyses revealed that length of stay was significant-
ly and positively correlated with PLT count (r=0.328, p=0.003). 
There was a significant positive correlation between length and 
cost of stay (r=0.709, p<0.001). In addition, cost of stay was sig-
nificantly and positively correlated with PLT count (r=0.412, 
p<0.001), ESR (r=0.284, p=0.012), and PLR (r=0.412, <0.001) 
and also negatively correlated with Hgb level (r=-0.270, p=0.017) 
(Table 2).

Discussion 

The remarkable findings of the present study were 1) the levels 
of the conventional markers of acute phase response to inflam-
mation (i.e., WBC, CRP, and ESR) significantly increased with 
the presence of osteomyelitis and gangrenous lesion, 2) the Hgb 
levels of patients had decreased in patients with grade 4 DFUs, 3) 
PLR and NLR tended to be higher in patients with an advanced 
grade of DFU, 4) both length and cost of stay were positively 
correlated with PLT count, 5) cost of stay but not length of stay 
was positively correlated with ESR and PLR, and 6) low Hgb was 
significantly related to high cost of stay. 

High Wagner’s grade as well as increased ESR, CRP level, and 
WBC count are associated with worse clinical outcomes (13). 
We also found that ESR, CRP level, and WBC count were sig-
nificantly higher in grade 3 and 4 DFUs than in grade 2 DFUs. 
Although the Wagner classification does not show the severity 
of infection, concomitant osteomyelitis and gangrenous lead to 
acute phase response and increase in inflammatory markers.
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•	 Diabetic foot ulcer is a common complication with severe morbid-
ity and mortality.

•	 Length and cost of stay in hospital is a main source of diabetes 
care. 

•	 Platelet-to-lymphocyte ratio is cheap and accessible inflammatory 
marker, and may be used for prediction of length and cost of hos-
pital stay in diabetic foot ulcer.

M A I N  P O I N T S



As novel inflammation markers, the PLR and NLR have been 
investigated in cardiovascular disease, diabetes, and diabe-
tes-associated vascular complication (11, 14-17). Furthermore, 
both the PLR and NLR were found to be associated with pe-
ripheral vascular disease and its severity (18, 19). Vatankhah et 
al. showed that low NLR was an independent predictor of com-
plete wound healing in DFUs (20). To the best of our knowl-
edge, there is no study that evaluated the role of the PLR in 
DFUs. We found that the PLR and NLR gradually increased 
with Wagner’s grade. Further clinical studies are needed to 
evaluate the predictive role of the PLR in wound healing in case 
of DFUs. 

The considerable amount in the total diabetes cost includes DFU 
management (21). Amputation-if necessary-and indirect costs 
(losses in productivity, preventive efforts, rehabilitation, and 
home care) contribute to economic burden as well as the man-
agement of DFUs (4). Nearly one-third of the total cost during 
the treatment of diabetes and its complication has been spent for 
DFUs; a large amount was for hospital stay (22-24). When in-
fection complicated DFUs, the risk of hospitalization increased 
55 times compared to when DFUs were without infection (2). 
In our study, length and cost of stay gradually increased with 
Wagner’s grade. Similarly, Benotmane et al. showed that high 
Wagner’s grade was associated with increased length and cost of 
stay (25). In our study, cost and length of stay in group 4 and 
probably in group 3 may have been much more since we did not 

take into account amputation and postamputation duration and 
costs. There were several studies evaluating the length of stay in 
diabetic patients (26-28). Kim et al. found that ESR, A1c, body 
mass index, and major vascular disease were significant factors 
that affected length of stay in infected DFUs (10). Tabur et al. 
showed that CRP, WBC, ESR, and increased Wagner’s grade can 
predict length of stay in case of acute DFUs (9). In our study, we 
found that only PLT count was a positive predictor of length of 
stay. 

Hospitalization requirement increase with the severity of ulcers 
according to the Wagner classification, resulting in high costs, a 
finding similar to our results (23). The predictive role of the NLR 
in terms of the length and cost of stay for acute ischemic stroke 
has been previously shown (29). However, the predictive role of 
the PLR and NLR during the course of DFUs is not known. In 
our study, we found for the first time that the PLR, which can 
be measured by a cheap and simple test, can predict cost of stay 
in case of infected DFUs. Although the PLR and NLR were not 
more sensitive markers than conventional markers, they are cal-
culated from complete blood count.

The most important limitation of our study was the retrospective 
nature. Additionally, the cost of amputation was not evaluated. 
Nevertheless, the first-time evaluation of the PLR and NLR in 
case of DFUs will result in similar and comprehensive studies in 
the future.
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Table 1. Characteristics and laboratory findings in all groups
Group 1 (n=18) Group 2 (n=44) Group 3 (n=16) p

Age (years) 57.5±7.0 59.7±8.7 59.9±11.6 NS

Gender (male/female) 11/7 18/26 10/6 NS
Glucose (mg/dL) 335.4±166.1 356.6±156.5 285.4±140.0 NS
Creatinine (mg/dL) 0.9±0.3 1.0±0.3 0.9±0.3 NS
ALT (U/L) 17.7±16.3 19.1±16.7 17.1±6.9 NS
A1c (%) 11.2±3.3 11.4±2.3 10.1±2.4 NS
WBC (109/L) 9.9±3.9a, b 15.1±7.1 15.7±7.8 0.016
Hgb (g/dL) 12.5±1.7c 11.6±1.8 10.9±1.5 0.029
PLT (109/L) 303.6±95.8 379.37±150.1 410.6±127.1 NS
CRP (mg/dL) 4.1±4.5c, d 15.8±10.8 12.6±8.8 <0.001
ESR (mm/h) 56.4±17.7d, e 83.8±28.7 95.1±26.1 <0.001
PLR 140.8±42.6f 185.7±90.2 222.1±95.5 0.02
NLR 2.8±0.9g, h 6.0±5.2 6.9±5.3 0.022
Length of stay (days) 7.9±2.7i 15.0±8.9 12.5±8.9 0.009
Cost of stay (TL) 1,310.8±500.0f 2,966.9±2,105.0 3,488.1±3,603.1 0.02
A1c: glycosylated hemoglobin; ALT: alanine aminotransferase; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; Hgb: hemoglobin; NLR: 
neutrophil-to-lymphocyte ratio; PLO: platelet-to-lymphocyte ratio; PLT: platelet; WBC: white blood cell
ap=0.008 between group 1 and group 2; bp=0.015 between group 1 and group 3; cp=0.009 between group 1 and group 3; dp<0.001 between group 1 and 
group 2; ep<0.001 between group 1 and group 3; fp=0.006 between group 1 and group 3; gp=0.017 between group 1 and group 2; hp=0.011 between group 
1 and group 3; ip=0.002 between group 1 and group 3



In conclusion, the PLR and NLR can be measured by a cheap 
and easily accessible test since they are calculated from a rou-
tine complete blood count. Furthermore, they are new inflam-
matory markers and can be a predictor of cost and associated 
with the grade of ulcers in hospitalized patients with infected 
DFUs.
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Table 2. Correlation analyses between the length and cost of 
stay and clinical and biochemical parameters of patients  
Length of stay (days) r p
Age (years) 0.107 NS
Glucose (mg/dL) 0.068 NS
Creatinine (mg/dL) 0.071 NS
ALT
(U/L) -0.026 NS
A1c (%) 0.009 NS
WBC (109/L) 0.202 NS
Hgb (g/dL) -0.204 NS
PLT (109/L) 0.328 0.003
CRP (mg/dL) 0.150 NS
ESR (mm/h) 0.214 NS
PLR 0.071 NS
NLR 0.021 NS
Cost of stay (TL) 0.709 <0.001
Cost of stay (TL) r p value
Age (years) 0.107 NS
Glucose (mg/dL) -0.002 NS
Creatinine (mg/dL) -0.038 NS
ALT
(U/L) 0.062 NS
A1c (%) -0.105 NS
WBC (109/L) 0.148 NS
Hgb (g/dL) -0.270 0.017
PLT (109/L) 0.395 <0.001
CRP (mg/dL) 0.213 NS
ESR (mm/h) 0.284 0.012
PLR 0.412 <0.001
NLR 0.158 NS
Length of stay (days) 0.709 <0.001
A1c: glycosylated hemoglobin; ALT: alanine aminotransferase; 
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; Hgb: 
hemoglobin; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-
lymphocyte ratio; PLT: platelet; WBC: white blood cell
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