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Serum albumin is a good predictor of amputation risk and medical cost for
diabetic foot ulcers: clinical analysis of 789 inpatients
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[ Abstract] Obijective To retrospectively analyze the clinical features and outcomes of diabetic foot ulcers(DFU), and investigate the
effect of serum albumin(ALB) level on the amputation risk and medical cost of the disease. Methods A total of 789 inpatients with DFU in
Center of Diabetes from January 2008 to December 2012 were enrolled and analyzed retrospectively in this study. They were divided into 3
groups based on their serum levels of ALB, moderate and severe hypoalbuminemia group (< 30g/L, n=283), mild hypoalbuminemia
group(30 to 35g/L, n = 163), and normal albumin group(=35g/L, n = 543). These patients were also assigned into amputation group(n = 171),
non-amputation group(n = 603), and death group(n=15) according to the clinical outcomes. Their clinical data, amputation rate, hospital days
and medical cost were compared among those with different serum level of ALB. Results The total amputation rate was 21.7%, and the
mortality was 1.9% in this cohort of patients. Of all these amputations, the major amputation rate(above-the-ankle amputation) was 22.8%,
and the minor amputation rate was 77.2%(11.7% for below the ankle amputation and 65.5% for toe resection). For the patients without
amputation, the average hospital stay was 30d and the medical cost was 26 610RMB, but for the patients with amputation, the stay
was 49d and the cost was 49456 RMB. The amputation rate, hospital stay, and medical cost in patients with mild, and moderate and
severe hypoalbuminemia were 2.0-, 1.2- and 1.7-folds higher, and 2.9-, 1.5- and 2.3-folds higher, respectively, than those in patients with
normal ALB level. Logistic regression analysis showed that the Wagner stage and severe infection were independent risk factors for
amputation and the serum level of ALB was an independent protective factor. With the increase in serum ALB level, the amputation rate was
lower, the hospital stay was shorter, and the medical cost decreased. Conclusion  Serum ALB level is closely associated with amputation of
DFU patients, and is a good predictor for the risk of amputation and medical cost.
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Table 1 Clinical characteristics and hospitalization of DFU patients

Non-amputation group(n = 603)

Clinical characteristic Amputation group(n = 171)

Age(years) 66.2 +11.2" 63.7+10.9
Duration of DM(months) 144 (84—236) 156 (84—216)
Duration of DFU(months) 1.0 (0.5—4.0) 1.5 (0.7-3.0)
WBC( x 10%/L)) 8.1+3.4™ 109+5.4
HGB(g/L) 117.0 +20.4™" 109.6 +20.7
N(%) 65.5+10.9"" 72.7+12.1
HbAlc(%) 8.3+22" 8.9+22
ALB (g/L) 37.5+4.7" 344+6.2
TC(mmol/L) 4.2 (3.6—5.0)™ 3.8(3.1—4.7)
TG(mmol/L) 1.2 (0.9-1.8) 1.1 (0.8—1.6)
HDL-C(mmol/L) 1.1 (0.9-1.3)™ 1.0 (0.8—1.2)
LDL-C(mmol/L) 2.4 (2.0-3.0)" 2.2 (1.6—2.9)
BUN(mmol/L) 5.5 (4.4—7.5) 5.2 (3.9-7.5)
Cr(umol/L) 72.0 (57.0—93.0) 71.0 (54.0—96.0)
Hospital stay(d) 25 (15—40)"™" 49 (36—84)

ok

Hospitalized medical cost(RMB) 21343 (12915—41112) 49456 (37659—99614)

DM: diabetes mellitus; DFU: diabetic foot ulcer; WBC: white blood cell; HGB: hemoglobin; N: percentage of neutrophil; HbAlc: glycated
hemoglobin Alc; ALB: albumin; TC: total cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein-cholesterol; LDL-C: low-density
lipoprotein-cholesterol; BUN: blood urea nitrogen; Cr: creatinine. Compared with amputation group, P < 0.05, “P < 0.01, "P < 0.001

2 AEALBKERIDFUEEIGKIFAE. ERIFRERBRE
Table 2  Clinical characteristics, hospitalization and amputation rate of patients with different ALB levels

Moderate and severe Mild hypoalbuminemia Normal ALB group

Clinical characteristic

hypoalbuminemia group(n = 83) group(n = 163) (n=543)
Age (years) 63.5+10.5 65.5+11.9 66.1+11.0
Duration of DM(months) 156 (96—204) 146 (84—219) 144 (84—240)
Duration of DFU(months) 1.0 (1.0—3.0) 1.0 (1.0—4.0) 1.2 (0.5—5.0)
WBC( x 10%/L)"" 12.4+7.1 10.1+45 7.8+2.8
HGB(g/L)™ 92.6 +18.2 104.5+18.3 121.9+17.8
N(%)"™" 77.7+11.6 72.3+10.6 64.0 +10.2
HbAlc(%)™ 9.4+27 9.0+23 8.1+2.0
TC(mmol/L)™ 3.6 (2.5-4.5) 3.7 (3.2—4.7) 4.3 (3.7—-5.0)
TG(mmol/L)™ 1.1 (0.8—1.5) 1.0 (0.8—1.4) 1.2 (0.9—-1.8)
HDL-C(mmol/L)™ 0.9 (0.8—1.1) 1.0 (0.9-1.2) 1.1 (0.9—-1.8)
LDL-C(mmol/L)™ 2.0 (1.3-2.7) 2.1(1.6—2.8) 2.5(2.0-3.1)
BUN(umol/L) 6.7 (4.1-10.2) 5.8 (4.1-7.9) 5.4 (4.3—7.2)

Hokk

Cr(umol/L)
Hospital stay(d)

Hkk

85.5 (62.8—125.8)
43.0 (22.0—65.0)

77.0 (58.0—10.0)
34.0 (21.0—63.0)

69.0 (55.0—90.0)
28 (16.0—44.0)

Hokk

Hospitalized medical cost(CNY) 51067 (32062—90395) 37753 (19780—66057) 22042 (13271—49041)

Hokk

Total amputations[n(%)] 37 (44.6) 51 (31.3) 83 (15.3)
Minor amputation[n(%)]™" 24 (28.9) 38 (23.3) 70 (12.9)
Major amputation[n(%)] ™ 13 (15.7) 13 (8.0) 13 (2.4)

ALB: albumin; DM: diabetes mellitus; DFU: diabetic foot ulcer; WBC: white blood cell; HGB: hemoglobin; N: percentage of neutrophil; HbAlc:
glycated hemoglobin Alc; TC: total cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein-cholesterol; LDL-C: low-density
lipoprotein-cholesterol; BUN: blood urea nitrogen: Cr: creatinine. Compared among three groups, ™ P < 0.001
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Table 3 Hospitalization and amputation mortality rate of patients divided by different ALB levels with same classification of Wagner stage

wk

Waaner stage Grou Total Hospital stay” Hospitalized medical™*
g g P amputation[n(%)] [d, M(P25—P75)] cost{[RMB, M(P25—P75)]
Wagner 1-3 Moderate and severe _ _
hypoalbuminemia 47 17 (36.2) 38.0 (22.0—60.0) 45782 (26343—63163)
Mild hypoalbuminemia 81 14 (17.9) 32.0 (18.0—61.0) 32258 (17343—53718)
Normal ALB 417 41 (9.8) 25.0 (15.0—40.0) 18876 (12186—38292)
Wagner 4 Moderate and severe _ _
hypoalbuminemia 27 16 (59.3) 52.0 (24.0—79.5) 79161 (36690—120817)
Mild hypoalbuminemia 76 36 (47.4) 40.5 (23.0—69.8) 46691 (23 357—90612)
Normal ALB 116 40 (34.5) 33.5(22.3—55.8) 40554 (22020—75934)

ALB: albumin. Compared between 3 groups at Wagner 1-3, “P < 0.001; compared between 3 groups at Wagner 4, “P < 0.05; compared
between 3 groups at WAGNER 1-3, “P < 0.05

x4 HRBERREETARALBKEEEERERERER
Table 4 Hospitalization and amputation mortality rate of patients divided by different ALB levels with the same clinical classification of
DFU infection

. . Total amputation™ Hospital stay”
DFU infection Group n [n(%)] [d. M(P25—P75)]

Hospitalized medical cost™**
[RMB, M(P25—P75)]

Classification Moderate and severe 20 6 (30.0) 32.5 (19.8—46.0) 32581 (19 705—51 629)
0—2 hypoalbuminemia

Mild hypoalbuminemia 72 15 (20.8) 31.0 (20.8—41.3) 30304 (16 576—52 401)

Normal ALB 408 40 (9.8) 26.5 (15—40) 19767 (12 058—40 380)

Classification 3 Moderate and severe 58 31 (53.4) 48.0 (25.3—69.3) 63730 (39 218—109 403)

hypoalbuminemia

Mild hypoalbuminemia 89 36 (40.4) 44.0 (26.0—73.0) 50146 (28 800—90 557)

Normal ALB 127 43 (33.9) 35.0 (20.5—53.0) 35106 (17 803—74 891)

ALB: albumin; with DFU: diabetic foot ulcer. Compared between 3 groups with DFU infection classification 0-2, “P < 0.01; compared
between 3 groups with DFU infection classification 3, ““P < 0.01; compared between group with DFU infection classification 3, *P < 0.05
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