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INTRODUCTION

According to a 2012 report, the prevalence of diabetes mellitus 
(DM) will gradually rise and the number of patients with DM 

will exceed 5.9 million by the year 2030 [1]. It has been report-
ed that the annual incidence of diabetic foot (DF), resulting in 
foot ulcer and gangrene, is estimated to be approximately 2%–
5% in the general population, and its lifetime risk is known to be 
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15%–20%. Moreover, 15% of patients with DF may undergo 
lower extremity amputation (LEA) and about 20% of the total 
medical expenses for diabetes are paid for the treatment of DF. 
Furthermore, the mortality of patients with DF is twice as high 
as other individuals with DM and they are at a 10–15 times 
higher risk of undergoing LEA. It has also been reported that 
patients with DF account for 40%–70% of total cases of non-
traumatic LEA [2].

In patients with DF, the treatment protocol requires the fol-
lowing factors: (1) good communication between patients and 
a multidisciplinary group of physicians and surgeons; (2) early 
management of patients based on evidence-based treatment 
recommendations; (3) weekly imaging studies of the wound ac-
companied by the relevant documentation; (4) objective assess-
ment of blood flow in the lower extremity; (5) debridement of 
hyperkeratotic, infected, and nonviable tissue; (6) systemic an-
tibiotic treatment as well as drainage for deep infection and cel-
lulitis; (7) off-loading; (8) maintenance of a moist wound bed; 
(9) the use of growth factor and vacuum-assisted therapy for 
complex wounds [3].

Patients with DF ulcer accompanied by infections are com-
monly encountered in clinical settings. According to a literature 
review, the length of hospital stay (LHS) serves as an important 
outcome of DF [4,5]. Still, however, few studies have investigat-
ed LHS. Identifying factors associated with treatment outcomes 
would make it possible to better predict a patient’s prognosis 
and to reduce the socioeconomic burden of DF.

With the above considerations in mind, we conducted this 
study to identify factors that may prolong the LHS in patients 
with DF in a single-institution setting.

METHODS

Study patients and setting
The current single-center retrospective study was conducted 
among 164 patients with DF (n = 164) who underwent surgery 
at Konkuk University Chungju Hospital during the 6-year peri-
od between March 2011 and February 2016. 

The inclusion criteria for the current study were as follows: (1) 
Men or women aged 18 years or older; (2) Patients with a con-
firmed diagnosis of type I or II DM according to the guidelines 
of the American Diabetes Association; (3) Patients receiving 
pharmacological treatment for glycemic control; (4) Patients 
with an infected wound requiring hospitalization and a history of 
receiving surgical debridement at least twice; (5) Patients who 
were transferred to an intensive care unit or referred to other de-
partments for further evaluation and treatment of DF sepsis.

The exclusion criteria for the current study were as follows: (1) 

Patients with comorbidities that may affect the course of DF 
(e.g., tumors or immunological disorders); (2) Women who 
were pregnant or breastfeeding; (3) Patients with an acute trau-
matic wound with an onset period of < 1 week; (4) Patients 
who were transferred to an intensive care unit or referred to oth-
er departments for further evaluation and treatment of condi-
tions other than DF sepsis (e.g., hospital-acquired pneumonia); 
(5) Patients who refused to undergo surgery; (6) Patients who 
left the hospital against medical advice; (7) Patients who were 
treated later because of a treatment delay; (8) Patients who re-
fused medical advice; (9) Patients who were readmitted within 
2 weeks of discharge; (10) Patients who were deemed to be in-
eligible for study participation according to our judgment.

The current study was approved by the Institutional Review 
Board of Konkuk University Chungju Hospital medical institu-
tion (IRB no. 2014-042). All patients provided written in-
formed consent. 

Treatment protocol
On admission, patients with systemic signs and symptoms that 
were suggestive of an infected wound, such as redness, heat, in-
duration, swelling, and purulent discharge, received clinical and 
laboratory examinations. In addition, measurements were made 
of the white blood cell (WBC) count, C-reactive protein (CRP) 
levels, erythrocyte sedimentation rate (ESR), and albumin, pro-
tein, glycated hemoglobin (HbA1c), and blood glucose (BG) 
levels.

After admission, the patients received wound preparations, 
which included wound irrigation, serial debridement, negative-
pressure wound therapy, and suturing for the purpose of reduc-
ing the dead and raw spaces.

Patient evaluation and criteria 
For the current analysis, we defined the LHS as the duration be-
tween admission and the time of discharge, when the patients 
required no more surgical treatment according to the judgment 
of the surgeon or based on the presence of a small raw surface, 
and received conservative treatment, such as simple dressing 
and protection with plaster or a splint.

We performed a literature review to determine the optimal 
cut-off value for dividing our clinical series of patients, and 
found that the episode of care for DF was 5 weeks based on 
claims data [6]. We therefore divided the patients into 2 groups: 
one with an LHS ≤ 5 weeks and another with an LHS > 5 
weeks. We compared the baseline and clinical characteristics be-
tween the 2 groups, attempting to identify factors that may have 
prolonged the LHS. 

The baseline demographic and clinical characteristics of the 
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patients included sex, age, duration of diabetes (the time elapsed 
between the initial diagnosis of diabetes and admission due to 
DF), smoking status (smoker or non-smoker), body mass index 
(BMI), underlying comorbidities (hypertension and diabetic 
nephropathy [DN]), wound characteristics (location [weight-
bearing or non-weight-bearing], number of wounds [1, 2, 3, or 
> 3], severity [involvement of skin, tendon, or muscle and 
bone], and duration), type of surgery (amputation, skin graft, or 
flap surgery), WBC count, CRP levels, ESR, and albumin, pro-
tein, HbA1c, and 7-day mean BG levels.

Statistical analysis
All data are expressed as mean ± standard deviation. Statistical 
analysis was done using SPSS ver. 23 (IBM Corp., Armonk, NY, 
USA). To identify factors that may have affected the LHS in 
each group, we performed a univariate analysis using Pearson 
correlation analysis. Moreover, we performed a multivariate 
analysis, in which factors found to be significant in the univari-
ate analysis were included in the multiple regression analysis to 
identify factors that may have prolonged the LHS. For such fac-
tors, we calculated the odds ratio (OR) and 95% confidence in-
terval (CI). A P-value of < 0.05 was considered to indicate sta-
tistical significance.

RESULTS

Baseline and clinical characteristics of the patients
A total of 164 patients were enrolled in the current study; they 
consisted of 100 men and 64 women, and their mean age was 
62.9 ± 12.7 years (range, 26–89 years). Seventy-six patients had 
an LHS ≤ 5 weeks, while 88 had an LHS > 5 weeks. The base-
line characteristics of the patients are presented in Table 1.

Factors affecting the LHS in the Pearson correlation 
analysis
In the Pearson correlation analysis, an LHS of ≤ 5 weeks had a 
significant, strong, positive correlation with the severity of the 
wound (r = 0.730) and a significant but moderate association 
with the WBC count (r = 0.472) and CRP levels (r = 0.443) 
(P < 0.05). In addition, an LHS of > 5 weeks had a significant, 
strong, positive correlation with the severity of the wound 
(r = 0.647), a significant but moderate correlation with the 
WBC count (r = 0.571), significant but weak correlations with 
CRP levels (r = 0.390) and DN (r = 0.020), and a significant but 
very weak correlation with 7-day mean BG levels (r = 0.120) 
(P < 0.05). In contrast, an LHS of > 5 weeks had a significant, 
moderate, negative correlation with albumin levels (r = −0.420) 
(P < 0.05) (Table 2). 

Factors affecting the LHS in the multiple regression 
analysis
In the multiple regression analysis, an LHS of > 5 weeks had a sig-
nificant positive correlation with the severity of the wound 
(OR = 3.297; 95% CI, 1.324–10.483; P = 0.020), WBC count 
(OR = 1.423; 95% CI, 0.046–0.356; P = 0.000), CRP levels 
(OR = 1.079; 95% CI, 1.015–1.147; P = 0.014), albumin levels 
(OR = 0.263; 95% CI, 0.113–3.673; P = 0.007), and 7-day mean 

Characteristic Values

Age (yr)          62.9±12.7
Sex
   Men        100 (60.9)
   Women         64 (39.1)
Duration of DM (mo)        240.5 (1–480)
   LHS (day)          31.0±32.0 
   LHS ≤5 wk         76 (46.3)
   LHS >5 wk         88 (52.7)
Body mass index (kg/m2)           25.8±4.2
Smoking status
   Smoking        128 (78.1)
   Non-smoking         36 (12.9)
Underlying co-morbidities               
   HTN         76 (46.3)
   DN         20 (12.2)
Type of surgery               
   Amputation         28 (17.1)
   Skin graft         72 (43.9)
   Flap surgery         64 (39.0)
Wound characteristics
   Location
      Weight-bearing areas        126 (75.9)
      Non-weight-bearing areas         38 (24.1)
   Number
      1        126 (76.8)
      2         20 (12.2)
      3          14 (8.5)
      >3           4 (2.4)
   Severity
      Skin involvement         62 (37.8)
      Muscle or tendon involvement         62 (37.8)
      Bone involvement         40 (24.4)
   Duration (day)       151.5 (4–300)
Laboratory measurements
   WBC (103/μL)          9.6±4.7
   CRP (mg/dL)          4.9±7.8
   ESR (mm/hr)        37.3±19.6
   Albumin (g/dL)          3.5±0.8
   Protein (g/dL)          6.4±1.6
   HbA1c (%)         9.22±5.7
   BG (mg/dL)          218.0±86.3

Values are presented as mean± standard deviation, number (%) or median and 
range.
DM, diabetes mellitus; LHS, length of hospital stay; HTN, hypertension; DN, 
diabetic nephropathy; WBC, white blood cell; CRP, C-reactive protein; ESR, 
erythrocyte sedimentation rate; HbA1c, glycated hemoglobin; BG, blood glucose.

Table 1. Baseline and clinical characteristics of the patients
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BG levels (OR= 1.018; 95% CI, 1.001–1.035; P= 0.020) (Table 3).

DISCUSSION

Most of the patients enrolled in the current study were using an 
insulin pump due to difficulties with blood sugar control, and 
then received medical treatment for a poor general condition af-
ter admission. They had a prolonged LHS, with an average of 
31.0 ± 32.0 days; this value is greater than has been reported in 
other published studies of similar case series. According to Wu-
kich et al. [7], patients with DF accompanied by a severe infec-
tion had a mean LHS of 8 days. If accompanied by osteomyeli-
tis, patients with DF should receive a long-term course of antibi-
otics. 

In the current study, the severity of the wound had the stron-
gest significant correlation with an LHS of > 5 weeks. In pa-
tients with DF accompanied by osteomyelitis, surgeons should 
consider debridement before using antibiotics, which may pro-
long the treatment period in comparison with other types of 
wounds [8]. In other words, a minimum period of 2–4 weeks is 
required until the efficacy of antibiotics appears in patients with 
DF accompanied by osteomyelitis [9]. A maximum period of 3 

months is required for treatment until a complete recovery of 
osteomyelitis is achieved in patients with diabetes [10]. Consis-
tent with this, according to Sun et al. [11], patients with Wagner 
grade 3 ulcers are at risk of LEA. Moreover, Lee et al. [12] also 
reported that osteomyelitis was a key risk factor associated with 
LEA. Furthermore, levels of inflammatory markers, such as the 
WBC count and CRP levels, are also associated with the severi-
ty of the wound and the degree of infection, both of which may 
affect the treatment period. Thus, patients with DF in whom 
treatment failed had relatively higher WBC counts and CRP 
levels.

DN is a common complication of diabetes, and it is also asso-
ciated with the delayed healing of DF. Patients with renal dys-
function due to DN are vulnerable to impairments in glycolysis 
in neutrophils. In addition, once accumulated, uremic toxins 
lead to phagocytic dysfunction. Thus, these patients are vulner-
able to impaired infection control [13]. Lewis et al. [14] report-
ed that the progress of chronic kidney disease was an indepen-
dent risk factor associated with higher mortality due to DF.  

In the current study, 7-day mean BG levels had a significant 
positive correlation with an LHS of > 5 weeks. Controversy ex-
ists regarding whether HbA1c is a risk factor for developing DF. 
It has been described as a less important risk factor [8], and has 
also been considered an important risk factor [15]. Our results 
showed no significant correlation between HbA1c levels and an 
LHS of > 5 weeks. HbA1c levels are maintained for 6 weeks, and 
are associated with cardiovascular diseases, retinopathy, neurop-
athy, and nephropathy [16]. Our results showed that 7-day mean 
BG levels, rather than HbA1c levels, had a significant positive 
correlation with an LHS of > 5 weeks. It can therefore be in-
ferred that patients who are not easily managed by medical treat-
ment for blood sugar control are vulnerable to prolonged LHS. 
It has been previously shown that tight glycemic control was ef-
fective in reducing the LHS in diabetic patients [17].

Characteristic LHS ≤5 wk 
(n=76)

LHS >5 wk 
(n=88)

Baseline and clinical characteristics
   Male sex 0.082 0.106
   Age 0.328 0.053
   Duration of DM –0.113 –0.195
   Smoking –0.102 –0.038
   BMI 0.126 0.232
   HTN –0.232 –0.199
   DN 0.014 0.020*
Wound characteristics
   Location 0.098 0.200
   Number 0.059 0.165
   Severity 0.730* 0.647*
   Duration 0.190 0.261
Laboratory measurements
   WBC 0.472* 0.571*
   CRP 0.443* 0.390*
   ESR 0.088 0.202
   Albumin –0.073 –0.420*
   Protein –0.122 –0.027
   HbA1C 0.197 0.021
   BG 0.026 0.120*

Values are Pearson correlation coefficients.
LHS, length of hospital stay; DM, diabetes mellitus; BMI, body mass index; HTN, 
hypertension; DN, diabetic nephropathy; WBC, white blood cell; CRP, C-reactive 
protein; ESR, erythrocyte sedimentation rate; HbA1c, glycated hemoglobin; BG, 
blood glucose.  
*Statistical significance at P<0.05 by Pearson correlation analysis.

Characteristic Odds 
ratio

95% 
Confidence 

interval
P-value

Baseline and clinical characteristics
   Diabetic nephropathy 0.704 0.181–2.740 0.613
Wound characteristics
   Severity 3.297 1.324–10.483 0.020*
Laboratory measurements
   White blood cell 1.423 0.046–0.356 0.000*
   C-reactive protein 1.079 1.015–1.147 0.014*
   Albumin 0.263 0.113–3.673 0.007*
   Blood glucose 1.018 1.001–1.035 0.020*

*Statistical significance at P<0.05 by multiple regression analysis.

Table 2. Factors affecting the length of hospital stay in the 
Pearson correlation analysis

Table 3. Factors affecting the length of hospital stay in the 
multiple regression analysis
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It has been previously reported that BMI was a risk factor asso-
ciated with immunologic dysfunction [18]. However, this is not 
in agreement with our results showing that it had no significant 
positive correlation with the LHS. In the current study, we en-
rolled only 22 obese patients (13.4%) with a mean BMI of ≥ 30 
kg/m2, while the overall sample of patients with DF had a mean 
BMI of 25.8 kg/m2. Smoking is another risk factor for delayed 
wound healing, which is associated with major vascular disease 
[19]. However, our results showed no significant correlation be-
tween smoking and the LHS. To date, many studies have shown 
the effects of smoking on delaying wound healing, but these 
studies have mainly focused on acute wounds. Insufficient data 
exist regarding the effects of smoking on chronic wounds [19]. 
According to Steenvoorde et al. [20], smoking did not delay the 
healing of chronic wounds. Those authors added that a variety 
of mechanisms are involved in delaying the healing of all types 
of chronic wounds due to tissue hypoxia, such as vascular insuf-
ficiency, arthrosclerosis, and metabolic disturbances. Thus, we 
could not completely rule out the possibility that the effect of 
smoking-induced hypoxia might have been masked by poor 
wound healing conditions in patients with DF.

It is generally believed that longer periods of treatment are 
needed for wounds in weight-bearing areas, such as the sole, 
than for those in non-weight-bearing areas. This is because even 
minor trauma, such as repetitive stress and pressure, may delay 
wound healing in ulcers [17]. Our results showed, however, that 
the location of the wound had no significant correlation with 
the LHS. In patients with DF, even minor injuries due to micro-
vascular or macrovascular disturbances may lead to ulceration in 
ischemic conditions [21]. It can therefore be inferred that loca-
tion at a weight-bearing area is not a factor specifically associat-
ed with delayed wound healing because it is vulnerable to initial 
trauma.

Patients with DF are confronted with challenges in resolving 
foot complications, and are then more vulnerable to a prolonged 
LHS than non-diabetic patients with similar wounds. Intensive, 
multidisciplinary, specialized care for such patients would there-
fore be helpful for shortening the LHS [17]. A multidisciplinary 
approach is useful in providing the patients with DF with essen-
tial elements of DF management; these include wound care, de-
bridement, blood supply, metabolic control, nutritional supple-
mentation, antibiotic therapy, and non-weight-bearing offload-
ing [22]. Moreover, in such an approach, the patients are pro-
vided with patient education and assisted self-care with the in-
volvement of family members, which is essential for preventing 
the occurrence of DF in high-risk patients [23]. Batista et al. 
[24] suggested that a multidisciplinary approach would be use-
ful for decreasing the morbidity associated with DF. This ex-

plains the necessity of multidisciplinary approaches not only for 
reducing both the LHS and re-admission rate, but also for im-
proving treatment outcomes.

To summarize, our results are as follows: (1) In the Pearson 
correlation analysis, an LHS of > 5 weeks had a significant posi-
tive correlation with the severity of the wound (r = 0.647), 
WBC count (r = 0.571), CRP levels (r = 0.390), DN (r = 0.020), 
and 7-day mean BG levels (r = 0.120) (P < 0.05). (2) In the 
multiple regression analysis, an LHS of > 5 weeks had a signifi-
cant positive correlation with the severity of the wound 
(OR = 3.297; 95% CI, 1.324–10.483; P = 0.020), WBC count 
(OR = 1.423; 95% CI, 0.046–0.356; P = 0.000), CRP levels 
(OR = 1.079; 95% CI, 1.015–1.147; P = 0.014), albumin levels 
(OR = 0.263; 95% CI, 0.113–3.673; P = 0.007), and 7-day mean 
BG levels (OR = 1.018; 95% CI, 1.001–1.035; P = 0.020).

However, our results should be generalized with caution be-
cause we enrolled a small series of patients who were hospital-
ized at a single secondary medical institution. The possibility of 
selection bias could not therefore be completely ruled out.

In conclusion, our results indicate that surgeons should con-
sider the factors associated with a prolonged LHS in the early 
management of the patients with DF. Moreover, this should be 
accompanied by a multidisciplinary approach to reducing the 
LHS through the effective management of DF by a specialized 
team of experts from multiple disciplines. To do this, we pro-
pose the following: First, diabetologists should play a crucial 
role in DF care by facilitating tight glycemic control during the 
treatment of DF. In addition, it is highly probable that patients 
with DF may exhibit other diabetic complications, such as ne-
phropathy, retinopathy, ischemic heart disease, and cerebrovas-
cular disease. Therefore, these complications should be consid-
ered during the choice of an appropriate treatment modality for 
managing DF. Second, surgeons should initially evaluate and ex-
amine patients with DF in order to decide on the clinical path-
way and final treatment options. Thus, patients with DF under-
go history-taking, a physical examination, biomechanical and 
laboratory examinations, and imaging studies. Third, patients 
with DF should receive overall management by experts from 
other clinical departments. This should also be accompanied by 
patient education on proper DF care through an intensive nurs-
ing program. Fourth, patients with DF should be evaluated for 
the development of conservative functional or post-reconstruc-
tive treatment plans.
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