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A Study on Wound Healing Factors in Diabetic Foot
Ulcer Patients

Ja Hea Gu, M.D., Seung-Kyu Han, M.D.,
Hyun Chang, M.D., Byoung Il Lee, M.D., Woo Kyung Kim, M.D.

Department of Plastic Surgery, Korea Univessity College of
Medicine, Seoul, Korea

Purpose: Diabetic foot ulcer is a representative
disease of chronic would with multiple defects of wound
healing factors. Many nutrition factors have been known
to be essential for wound healing, but objective data are
lacking. The purpose of this study is to determine those
factors essential for wound healing, and to find out
which of those factors are lacking in diabetic foot ulcer
patients through this pilot study.

Methods: We studied 100 patients who visited our
clinic from March 2005 to February 2006 for treatment
of diabetic foot ulcers with a duration of more than 6
weeks. We checked serum levels of protein, albumin,
vitamin A, C, E, iron, magnesium, zinc, copper and he-
moglobin by drawing 23 cc blood after 8 hours of fasting.
Protein, albumin, iron, magnesium levels were mea-
sured by colorimetry; hemoglobin levels were measured
by auto analysis. Vitamin levels were measured by high
performance liquid chromatography (HPLC), copper and
zinc levels were measured by Inductively coupled
plasma (ICP). They were compared with normal values.
The patients were divided by transcutaneous oxygen
pressure levels, age and sex to study the effects of
these parameters.

Results: 76% and 61% of patients had within-normal
range serum protein and albumin levels, respectively.
Among vitamins, only the level of vitamin C was low in
55% of the patients. Levels of vitamin A, E were normal
or high in 93% and 100% of patients. As for trace
elements, levels of iron and zinc were low in 63% and
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60% of patients, but levels of magnesium and copper
were usually normal or high. Levels of vitamin C, iron
and zinc were lower in the low-transcutaneous oxygen
pressure group. There were no definite differences
according to age and sex.

Conclusion: Serum levels of Hb, vitamin C, iron, zinc
were low in most diabetic foot ulcer patients. The deficit
was very severe in the low-transcutaneous oxygen pre-
ssure group.

Key Word: Diabetic foot, Wound healing
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Table I, Number of Patients with High, Normal and Low Levels of Wound Healing Factors

High Normal Low No. ;FfOtczlse(% )

Hemoglobin 0(0) 13(13) 87(87) 100(100)
Protein 0(0) 76(76) 24(24) 100(100)
Albumin 0(0) 61(61) 39(39) 100(100)
Vitamin A 39(39) 54(54) 7(7) 100(100)
Vitamin C 0(0) 45(45) 55(55) 100(100)
Vitamin E (a) 0(0) 100(100) 0(0) 100(100)

9] 57(57) 43(43) 0(0) 100(100)

) 100(100) 0(0) 0(0) 100(100)
Fe 0(0) 37(37) 63(63) 100(100)
Mg 5(5) 95(95) 0(0) 100(100)
Zn 4(4) 36(36) 60(60) 100(100)
Cu 34(34) 59(59) 7(7) 100(100)




Table 1l, Number of Patients with High, Normal and Low Levels of Hemoglobin, Protein and Albumin. Patient
Groups were Divided According to TcpOs Levels.

TepOp(mmHg) High Normal Low No. onOthlse(%)
Hemoglobin > 40 0(0) 7(11) 54(89) 61(100)
< 40 0(0) 6(15) 33(85) 39(100)
Protein > 40 0(0) 46(75) 15(25) 61(100)
< 40 0(0) 30(77) 9(23) 39(100)
Albumin > 40 0(0) 41(67) 20(33) 61(100)
<40 0(0) 20(51) 19(49) 39(100)
Table Ill, Number of Patients with High, Normal and Low Levels of Vitamins. Patient Groups were Divided

According to TcpO» Levels.

TepOs(mmHg) High Normal Low o, ool "

Vitamin A > 40 24(39) 33(54) A7) 61(100)
<40 15(38) 21(54) 3(8) 39(100)

Vitamin C > 40 0(0) 13(70) 18(30) 61(100)
<40 0(0) 25) 37(95) 39(100)

Vitamin E a > 40 0(0) 61(100) 0(0) 61(100)
<40 0(0) 39(100) 0(0) 39(100)

B = 40 31(51) 30(49) 0(0) 61(100)

<40 26(67) 13(33) 0(0) 39(100)

v > 40 61(100) 0(0) 0(0) 61(100)

<40 39(100) 000) 0(0) 39(100)

Table IV.d Number of Patients with High, Normal and Low Levels of Trace Elements. Patient Groups were Divided
According to TcpO» Levels.

TepOo(mmHg) High Normal Low No. ;FfOtczlse %)
Fe = 40 0(0) 30(49) 31(51) 61(100)
< 40 0(0) 7(18) 32(82) 39(100)
Mg > 40 3(5) 58(95) 0(0) 61(100)
< 40 2(5) 37(95) 0(0) 39(100)
Zn = 40 2(3) 29(48) 30(49) 61(100)
< 40 2(5) 7(18) 30(77) 39(100)
Cu > 40 17(28) 39(64) 5(8) 61(100)

<40 17(44) 20(51) 2(5) 39(100)
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Table V. Number of Patients with High, Normal and Low Levels of Hemoglobin, Protein and Albumin. Patient
Groups were Divided According to Age

Age High Normal Low No. o?octzie (%)
Hemoglobin < 50 0(0) 4(18) 18(82) 22(100)
50 - 60 0(0) 0(0) 18(100) 18(100)
60 -70 0(0) 5(23) 17(77) 22(100)
=70 0(0) 4(11) 34(89) 38(100)
Protein < 50 0(0) 11(50) 11(50) 22(100)
50 - 60 0(0) 18(100) 0(0) 18(100)
60 -70 0(0) 9(41) 13(59) 22(100)
=70 0(0) 38(100) 0(0) 38(100)
Albumin < 50 0(0) 14(64) 8(36) 22(100)
50 - 60 0(0) 8(44) 10(56) 18(100)
60-70 0(0) 12(55) 10(45) 22(100)
> 70 0(0) 27(71) 11(29) 38(100)

Table VI, Number of Patients with High, Normal and Low Levels of Vitamins. Patient Groups were Divided
According to Age.

Age High Normal Low No. Orgoctie (%)
Vitamin A < 50 8(36) 14(64) 0(0) 22(100)
50 - 60 8(44) 5(28) 5(28) 18(100)
60-70 20(91) 0(0) 2(9) 22(100)
> 70 3(8) 35(92) 0(0) 38(100)
Vitamin C < 50 0(0) 12(55) 10(45) 22(100)
50 - 60 0(0) 8(44) 10(56) 18(100)
60-70 0(0) 8(36) 14(64) 22(100)
> 70 0(0) 17(45) 21(55) 38(100)
Vitamin E a 1<50 0(0) 22(100) 0(0) 22(100)
50 - 60 0(0) 18(100) 0(0) 18(100)
60-70 0(0) 22(100) 0(0) 22(100)
= 70 0(0) 38(100) 0(0) 38(100)
B < 50 14(64) 8(36) 0(0) 22(100)
50 - 60 7(39) 11(61) 0(0) 18(100)
60-70 7(32) 15(68) 0(0) 22(100)
> 70 29(74) 20(26) 0(0) 38(100)
v <50 22(100 0(0 0(0 22(100

) ) ) )
50 - 60 18(100) ) ) 18(100)
60 - 70 22(100) 0(0) 0(0) 22(100)

=70 38(100) ) ) 38(100)




Table VII, Number of Patients with High, Normal and Low Levels of Trace Elements. Patient Groups were Divided

According to Age

Age High Normal Low No. o?octzie (%)
Fe < 50 0(0) 8(36) 14(64) 22(100)
50 - 60 0(0) 7(39) 11(61) 18(100)
60-70 0(0) 0(0) 22(100) 22(100)
> 70 0(0) 22(58) 16(42) 38(100)
Mg < 50 0(0) 22(100) 0(0) 22(100)
50 - 60 2(11) 16(89) 0(0) 18(100)
60 -70 3(14) 19(86) 0(0) 22(100)
= 70 0(0) 38(100) 0(0) 38(100)
-Zn < 50 0(0) 14(64) 8(36) 22(100)
50 - 60 2(11) 5(28) 11(61) 18(100)
60 -70 0(0) 1(5) 21(95) 22(100)
> 70 2(5) 16(42) 20(53) 38(100)
Cu < 50 5(23) 17(77) 0(0) 22(100)
50 - 60 11(61) 7(39) 0(0) 18(100)
60 -70 10(45) 8(36) 4(19) 22(100)
> 70 8(21) 27(71) 3(8) 38(100)

Table VIII, Number of Patients with High, Normal and Low Levels of Hemoglobin, Protein, Albumin.

were Divided According to Sex

Patient Groups

. Total
Sex High Normal Low No. of case (%)
Hemoglobin F 0(0) 4(10) 38(90) 42(100)
M 0(0) 9(16) 49(84) 58(100)
Protein F 0(0) 34(81) 8(9) 42(100)
M 0(0) 42(72) 16(28) 58(100)
Albumin F 0(0) 26(62) 16(38) 42(100)
0(0) 35(60) 23(40) 58(100)
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Table IX, Number of Patients with High, Normal and Low Levels of Vitamins. Patient Groups were Divided

According to Sex.

Sex High Normal Low No. o?octz?ie %)
Vitamin A F 10(24) 29(69) 3(7) 42(100)
M 29(50) 25(43) 4(7) 58(100)
Vitamin C F 0(0) 26(62) 16(38) 42(100)
M 0(0) 19(33) 39(67) 58(100)
Vitamin E a F 0(0) 42(100) 0(0) 42(100)
M 0(0) 58(100) 0(0) 58(100)
B F 24(57) 18(43) 0(0) 42(100)
M 33(57) 25(43) 0(0) 58(100)
v F 42(100) 0(0) 0(0) 42(100)
M 58(100) 0(0) 0(0) 58(100)

Table X, Number of Patients with High, Normal and Low Levels of Trace Elements. Patient Groups were Divided

According to Age

Sex High Normal Low No. o?octz?ie %)
Fe F 0(0) 18(43) 24(57) 42(100)
M 0(0) 19(33) 39(67) 58(100)
Mg F 0(0) 42(100) 0(0) 42(100)
M 5(9) 53(91) 0(0) 58(100)
n F 2(4) 20(48) 20(48) 42(100)
M 2(3) 16(28) 40(27) 58(100)
Cu F 15(36) 24(57) 3(7) 42(100)
M 19(33) 35(60) 4(7) 58(100)
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