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outcome. Similarly, Volaco et al19 found that elevated 
CRP levels strongly predicted major amputation in 
longstanding diabetic patients with ischemic foot le-
sions. In a prospective study, Lipsky et al20 showed 
that elevated baseline levels of acute phase reactants 
(WBC, CRP, ESR) were associated with clinical 
treatment failure in diabetic foot infections treated 
with broad spectrum antibiotics. Low serum albu-
min was reported to be associated with increased 
amputation risk.13 Leukocytosis was related to worse 
clinical outcomes in diabetic foot ulcer.20,21 A WBC 
count >12.0 cells/μL was associated with increased 
risk for amputation.14 On the other hand, Armstrong 
et al22 found that leukocytosis was a poor indicator 
of acute osteomyelitis, whereas most patients with 
osteomyelitis had elevated ESR. In another study 
conducted by Pittet et al,23 PNL count was not found 
to be an independent predictor of treatment failure. 
Although patients who underwent amputation in our 
study had increased WBC and PNL counts at baseline, 
neither one of these parameters was an independent 
predictor according to multivariate analysis.

Acute phase response in diabetic foot ulcer mostly 
depends on limb ischemia, severity of infection and 
the presence of osteomyelitis. Elevated ESR has 
been proposed as a useful diagnostic marker of os-
teomyelitis when combined with clinical data. In 
a pilot study, Kaleta et al24 suggested that an ESR 
level of 70 mm/h might be the optimal cut-off point 
to predict osteomyelitis with sensitivity of 89.5% and 
specificity of 100%. In a recent meta-analysis, an 
ESR level of more than 70 mm/h has been reported 
to increase the probability of osteomyelitis 11 times.25 
Our data suggested that the cut-off level of 90 mm/h 
for ESR and the cut-off level of 100 mg/dl for CRP 
had fair specificity and reasonable PPV and NPV 
for the prediction of major amputations. It has been 
reported that CRP was increased in hematogenous 
osteomyelitis in children, and decreased faster than 
ESR after appropriate treatment, reflecting the ef-
fectiveness of therapy with a higher sensitivity than 
ESR.26 It is also known that patients with peripheral 
artery disease have increased levels of inflammation 
markers.27 Elevated levels of CRP have been associ-
ated with poor long-term prognosis in patients with 
peripheral artery disease.28

Our study had some limitations. First, the clinical 

Table 3. Baseline levels of acute phase reactants in predicting overall 
and major amputations.

Overall amputations Major amputations

AUCWBC 0.657 0.657
AUCPNL 0.667 0.689
AUCPLT 0.633 0.661
AUCAlbumin* 0.688 0.709
AUCESR 0.694 0.715
AUCCRP 0.741 0.708

AUC: Area under curve, CRP: C-reactive protein, ESR: Eryth-
rocyte sedimentation rate, PLT: Platelet count, PNL: Polymor-
phonuclear leukocyte count, WBC: White blood cell count

Levels of acute phase reactants were obtained from 386 diabetic 
foot ulcer episodes

Data were expressed as AUC of the corresponding receiver op-
erating characteristic curve (ROC). *ROC curve was generated 
in regard to suppressed albumin levels.

threefold increased risk for amputation.8 Similarly, 
Eneroth et al14 reported that a diabetic foot wound 
exposing the bone was more likely to be associated 
with amputation. A significant association between 
osteomyelitis and overall and major amputations has 
been reported.7,17 Armstrong et al17 demonstrated that 
major amputation risk was 11-fold higher when the 
wound penetrated to bone. No association between 
infection and ulcer outcome was reported in a study 
from Nottingham. Nevertheless, the prevalence of 
osteomyelitis was very low in this cohort.16 Oyibo et 
al7 reported that the Wagner grade significantly cor-
related with the risk of amputation. Calhoun et al18 
reported that increased Wagner grade was associated 
with a higher treatment failure. Ulcers of Wagner 
grades 4 and 5 denote the presence of local or diffuse 
gangrene, which are usually due to a combination of 
ischemia and infection. It is thus not surprising that 
grade 4 and 5 ulcers were very strongly associated 
with amputation in our study. To evaluate the effect 
of ulcer depth on outcome, we calculated odds ratios 
regarding Wagner grade 3 vs. grade 1 and 2 ulcers. 
Because of the small number of ulcers with Wagner 
grade 1, we combined Wagner grade 1 and grade 2 
ulcers. We found that increased ulcer depth, defined 
by the Wagner classification, was an independent 
predictor of amputation.

We also found that baseline levels of acute phase 
reactants, especially CRP and ESR, were related to 




