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Abstract
Background: The frequency of lower extremity amputation due to diabetic foot has been increasing in type
2 diabetic patients. The aim of this study was to observe the incidence, clinical aspects and associated risk
factors for diabetic foot.

Methods: We evaluated the incidence of diabetic foot through a five-year observation of type 2 diabetic
patients who presented to St. vincent’s Hospital between January and December 2003. To identify the risk
factors for diabetic foot, we evaluated mean glycosylated hemoglobin Alc (HbAlc) every six months and
assessed renal function based on the existence of proteinuria and estimated glomerular filtration rate (GFR)
using the Modification of Diet in Renal Disease (MDRD) equation. Patients were also evaluated for
retinopathy, peripheral neuropathy and autonomic neuropathy using Ewing’s method.

Results: From an initial pool of 613 patients, the observational study of 508 patients (82.9%) was completed.
The mean age, duration of diabetes and HbAlc were 50.3 + 10.6 yrs, 7.2 £ 6.5 yrs and 8.8 + 2.1%, respectively.
Diabetic foot occurred in 32 patients (6.3%). The incidence of diabetic foot increased when diabetic retinopathy
(OR = 6.707, 2.314~19.439), peripheral neuropathy (OR = 2.949, 1.075~8.090), and autonomic neuropathy (OR =
3.967, 1.476~10.660) were present and when the MDRD GFR (OR = 5.089, 1.712~15.130) decreased. Mean HbAlc
(OR = 12.013, 1.470~98.179) was found to be an independent risk factor for diabetic foot.

Conclusion: The present study confirmed the importance of intensive glycemic control and the role of
autonomic dysfunction in the development of diabetic foot. In addition, diabetic retinopathy and impaired
renal function proved to be factors associated with the occurrence of diabetic foot. Therefore, intensive
glycemic control, as well as periodic examination of renal function, are essential for the prevention of
diabetic foot. (Korean Diabetes J 33:315-323, 2009)
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Fig. 1. Study populations included in the analysis of diabetic foot.
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Table 1. Baseline characteristics of study subjects

Variables Total (n = 508)
Age (years) 50.3 £ 10.6
Sex (M/F) 194/314
Diabetic duration (years) 72 £ 65
Body mass index (kg/m’) 245 + 35
Hypertension (n, %) 215 (42.3)
Current smoker (n, %) 108 (21.3)
Alcohol (n, %) 100 (19.7)
Retinopathy (n, %) 143 (28.2)

1/2/3/4 365 (71.9)/76 (14.9)/26 (5.1)/41 (8.1)
Neuropathy (n, %) 71 (13.9)
Nephropathy

0/1/2 352 (69.3)/118 (23.2)/38 (7.5)
CAN (n, %) 372 (73.2)
FPG (mg/dL) 166.8 + 67.8
PPG (mg/dL) 287.8 + 100.8
MDRD GFR (mL/min/1.73 m?) 659 + 12.9
Triglyceride (mg/dL) 151.8 + 88.3
High density lipoprotein cholesterol (mg/dL) 42.5 + 10.6
HbAlc (%) 8.8 + 2.1
HOMAR 2.0 * 44
HOMA g 52.6 £ 40.9
Lipoprotein (a) (mg/dL) 26.9 + 27.6

All data are expressed as means = SD. CAN, Cardiovascular autonomic neuropathy; FPG,
cholesterol, High density lipoprotein cholesterol; HOMAR, Homeostasis Model Assessment-

Fasting plasma glucose; HDL
Insulin resistance; HOMA jcen,

Homeostasis Model Assessment- beta cell; MDRD GFR, Modification of Diet in Renal Disease- Glomerular filtration rate;
n, number (%); Nephropathy, O-normal, 1-microalbuminuria, 2-macroalbuminuria; PPG, Postprandial plasma glucose;
Retinopathy, 1-normal, 2-mild& moderate NPDR, 3-severe NPDR, 4-PDR.
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Table 2. Comparison between diabetic foot (-) and diabetic foot (+) group
DF (-, n = 476) DF (+, n = 32) P value

Age (years) 522 + 11.8 50.1 + 10.5 0.18
Sex (M/F) 178/298 15/17 0.28
Diabetic duration (years) 74 £ 6.6 9.3 £ 2.1 0.01
Body mass index (kg/m’) 246 + 35 243 £ 19 0.22
Hypertension (n, %) 196 (41.2) 19 (59.4) 0.04
Current smoker (n, %) 97 (20.4) 11 (34.4) 0.06
Retinopathy (n, %) 117 (24.6) 26 (81.3) 0.01
Peripheral neuropathy (n, %) 58 (12.2) 13 (40.6) 0.01
Nephropathy (n, %) 134 (28.2) 22 (68.8) 0.01
CAN (n, %) 342 (71.8) 30 (93.8) 0.01
Insulin (n, %) 160 (33.6) 24 (75) 0.33
ARB (n, %) 183 (38.4) 17 (53) 0.28
FPG (mg/dL) 165.5 + 64.8 186.3 + 102.3 0.09
PPG (mg/dL) 2849 * 99.7 339.3 + 108.8 0.01
MDRD GFR (mL/min/1.73 mz) 66.7 = 11.8 55.1 £ 21.5 0.01
Triglyceride (mg/dL) 131.9 + 80.1 153.1 + 88.7 0.03
HDL cholesterol (mg/dL) 42.8 + 10.5 375 £ 104 0.01
HbAlc (%) 8.8 + 2.1 95 + 2.4 0.07
Microalbuminuria 77.5 + 303.6 674.7 + 1320.3 0.00
HOMAR 1.9 = 38 34 + 9.1 0.07
HOMA g 52.7 + 404 51.6 + 494 0.28
Lipoprotein (a) 25.7 £ 259 46.8 £ 41.8 0.01
Mean HbAlc (%) 83 + 1.4 92 + 1.9 0.01

All data are expressed as means + SD. ARB, Angiotensin receptor blocker; CAN,

Cardiovascular autonomic neuropathy;

DF, Diabetic Foot; FPG, Fasting plasma glucose; HDL cholesterol, High density lipoprotein cholesterol; HOMAJg,

Homeostasis Model Assessment-Insulin resistance; HOMAg.., Homeostasis Model Assessment-beta cell; MDRD GFR,

Modification of Diet in Renal Disease- Glomerular filtration rate; n, number (%); PPG, Postprandial plasma glucose.
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Table 3. Clinical characteristics of diabetic foot group
Diabetic foot (n = 32)

Event frequency (%)

1/2/3 21 (65.6)/7 (21.9)/4 (12.5)
Wagner grade (%)
0/1/2/3/4/5 7 (21.9)/6 (18.8)/6 (18.8)/4 (12.5)/5 (15.6)/4 (12.5)
Site (%)
Great toe/Digit/Ankle/Knee/Calf/etc 10 (31.3)/7 (21.9)/3 (9.4)/2 (6.3)/5 (15.6)/5 (15.6)
Aggravating factor (%)
Spontaneous 27 (84.4)
Burn 2 (6.3)
Trauma 394
Cultured Organism (n, %) 27 (84.4)
Aerobes/Anaerobes 27/0
Gram-positive 16 (59.3)
MSSA/MRSA/MRCNS/Enterococci 8 (50)/3 (18.8)/4 (25)/1 (6.2)
Gram-negative 11 (40.7)
Klebsiella/E.coli/Pseudomonas/Proteus 3 (27.3)/3 (27.3)/3 (27.3)/2 (18.1)
Leukocytosis (n, %) 18 (56.3)
Anemia (n, %) 16 (50)
Hypoalbuminemia (n, %) 22 (68.8)
Fever (n, %) 7 (21.9)
Treatment
Antibiotics/Debridement/ Amputation 12 (37.4)/10 (31.3)/10 (31.3)

Amputation, antibiotics add amputation; Anemia, Hb < 10.0 g/dL; Antibiotics, only antibiotics; Debridement, antibiotics
add debridement; Fever, Body temperature > 38.3 C; Hypoalbuminemia, albumin < 3.0 g/dL; Leukocytosis, WBC > 10.0
X 109/L; MRCNS, methicillin-resistant coagulase negative staphylococcus; MRSA, methicillin-resistant Staphylococcus
aureus; MSSA, methicillin-sensitive Staphylococcus aureus; n, number (%); Y, Yes.

Table 4. Risk factors of diabetic foot

Odds Ratio (95% CI)* P value

Hypertension 1.514 (0.512~4.475) 0.453
Smoking 2.880 (0.981~8.453) 0.054
MDRD GFR (mL/min/1.73 m®)

> 60 1.000

< 60 5.089 (1.712~15.130) 0.003
Retinopathy 6.707 (2.314~19.439) 0.000
Autonomic neuropathy 3.967 (1.476~10.660) 0.006
Peripheral neuropathy 2.949 (1.075~8.090) 0.036
Lipoprotein (a)

< 30 1.000

> 30 2.710 (1.011~7.261) 0.047
Mean HbAlc

<8 1.000

> 8 12.013 (1.470~98.179) 0.020

* Odd ratio for developing Diabetic Foot according to clinical characteristics by multiple logistic regression analysis.
MDRD GFR, Modification of Diet in Renal Disease- Glomerular filtration rate.
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