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Prevalence of Fungal Infection on Foot in Diabetic Patients and
Correlation between Diabetic Ulcer and Fungal Infection on Foot

Bong Yun Cha, Hyun Shik Son, Jung Min Lee, Sung Koo Kang
Department of Internal Medicine, College of Medicine, The Catholic University of Korea, Seoul, Korea

— Abstract —

Background: The purpose of this study was to determine the prevalence of fungal infection
and ulcer on the feet of diabetic patients and the existence of correlation between ulcer
and fungal infection.

Methods: A total of 21,693 outpatients diagnosed as diabetes mellitus at the department
of endocrinology of 32 hospitals were examined. The diabetic patients with foot problems
were consulted to the department of dermatology. Physical examination and KOH pre-
paration were performed by a dermatologist.

Results: 13,271 patients had certain kinds of foot problem, accounting for 61.2% of 21,693
diabetics examined. Of these, fungal foot disease was found in 10,403 patients that cons—
tituted 78.4% (48.0% of the entire diabetic population). Tinea pedis was the diagnosis in
6,496 (29.9%), onychomycosis in 7,783 (35.9%), and coexistence was in 3,883 (17.9%). Foot
deformity was in 1,346 (6.2% of diabetics; 10.1% of foot disease), nonpalpable pulse in
1,051 (4.8%; 7.9%), and foot ulcer was in 425 (2.0%; 3.2%), following in a descending order
of frequency. Odds ratios for diabetic foot ulcer were 2.5 in patients with the foot
deformity, 1.6 with fungal foot disease and 2.2 with non—palpable pulse. Conversely, odds
ratios for fungal foot disease were 2.5 with foot deformity, and 1.6 with foot ulcer.

A total of 5,486 patients paid visit to the department of dermatology. Of these, 4,519
patient were diagnosed with fungal infection through physical examination and KOH smear
by dermatologists. The population were comprised of 2,272 males and 2,247 females,
showing similar prevalences between sexes. However, age did have positive correlation
regarding prevalence of fungal foot disease. The number of diabetic patients with toenail
problems was 3,847 (70%) and onychomycosis was proven mycologically in 3,276 patients.
Onychomycosis of distal subungal type was the most common clinical finding, most
frequently involving the great toenails. Abnormal skin findings of the foot were seen in 3,885
(70.8%) and tinea pedis was found in 3,209 (58.5%), most commonly involving the soles.
Conclusion: This study showed that fungal infection might be regarded as a risk factor of
foot ulcer. Treatment of fungal infection in diabetic patients might prevent diabetic foot
disease such as ulcer and reduce the disability, morbidity and mortality in diabetic patients
(J Kor Diabetes Assoc 30:64~72, 2006).
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Table 1. Age and Sex Distribution of 21,693
Outpatients Diagnosed as Diabetes
MeLlitus at The Department of
EndocRinology of 35 Hospitals

Patients with diabetes mellitus

Age (years)

0. M/F %
0-10 14 6/8 0.1
10-20 63 23/40 0.3
20-30 326 129/197 1.5
30-40 1,301 692/649 6.0
40-50 3,555 1,893/1,712 16.4
50-60 6,294 2,609/3,685 29.0
60-70 7,297 2,817/4,400 33.6
70-80 2,619 936/1,683 12.0
80-90 211 91/110 1.0
90- 13 6/7 0.1
Total 21,693  9,202/12,491 100

M: male, F: female
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Total
21,693 Subjects

|

Foot Problem
13,271 (61.2%)
v

v v v

v

Deformity Impalpable Pulse Ulcerative Lesion

1,346 (6.2%) 1,051 (4.8%) 425 (2.0%)

Fungal Infection suspected by Med
10,403 (48.0%)

Transfer to Dermatology <—L
| 5,486 |
KOH(#) Ulcer 182
4519 Deformity 485
Impalpable Pulse 264

Fig. 1. Schematic flow chart in this study.

Table 2. Risk Factors which Influence on the Fungal Infection
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Deformity Ulcer Pulse
Yes No Yes No Yes No Total
Presence of fungal 787 9,616 297 10,106 9,933 470 10,403
infection (568.5%) (47.3%) (69.9%) (47.5%) (48.1%) (44.7%) (47.9%)
Absence of fungal 559 10,731 128 11,162 10,709 581 11,290
infection (41.5%) (52.7%) (30.1%) (52.5%) (51.9%) (55.3%) (52.1%)
Total 1,346 20,347 425 21,268 20,642 1,061 21,693
(6.2%) (93.8%) (2.0%) (98.0%) (95.2%) (4.8%) (100%)
P-value <0.0001 <0.0001 >0.05
Table 3. Risk Factors which Influence on the Foot Ulcer
Deformity Fungal infection Pulse
Yes No Yes No No Yes Total
Presence of foot Ulcer 46 379 297 128 9,933 470 10,403
(3.4%) (1.9%) (2.8%) (1.1%) (48.1%) (44.7%) (47.9%)
Absence of foot ulcer 1,300 19,968 10,106 11,162 10,709 581 11,290
(96.6%) (98.1%)  (97.2%) (98.9%) (561.9%) (55.3%) (52.1%)
Total 1,346 20,347 10,403 11,290 20,642 1,051 21,693
(6.2%) (93.8%) (47.9%) (52.1%) (95.2%) (4.8%) (100%)
P-value <0.0001 <0.0001 <0.0001
B A 7ReE] S5 ARkl 10,403 3. 5% Mpdgd e F= Xt
Aol 48.0% (A 4= Ao 78.4%) = 59 20 As7kele =3 |ao] gl o HngM

(P<0.0001) EE=7F FH- #Hlgo] 2

st on (P<0.0001) PIEXA ‘1—“.
A7 99T (P> 0.05) (Table 2). 3]7¥A

97} Q= 735l w8 2.54)

o] ¥ =7} =9k3 (Odds ratio: 2.5) Z5- 7
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No.(%)

Tinea pedis

Pre-ulcer or Ulcer 182 (3.3%)
Redness 183 (3.3%)
Swelling 121 (2.2%)

3,20 (58.5%)

500

1000

1500 2000 2500 3000 3500

total=5,486

Fig. 2. Nail problems in the patients with diabetes mellitus referred to dermatology

department.

No.(%)

DLSO

1,715 (52.4%)
pso [l 76 (2.3%)
WSO 114 (3.5%)
Candida | 11(0.3%)
Total nail dystrophy 497 (15.2%)
0 300 600 900 1200 1500 1800 2100

n=3,276

Fig. 3. Foot problems in the patients with diabetes mellitus referred to dermatology

department.

Table 4. Frequency of Deformity and Impalpable Pulse in the Patients with Diabetes
Mellitus Referred to Department of Dermatology (Total=5,486)

Deformity Number (%) Impalpable pulse Number (%)
Prominent metatarsal 194 (40.0) Posterior tibial artery 182 (68.9)
Hallus valgus 160 (33.0) Dorsalis pedis artery 174 (65.9)
Toe deformity 87 (17.9) Both 92 (34.8)

Charcot 10 (2.1

Toe amputation 24 (4.9)

AK amputation 3 (0.6)

BK amputation 7 (1.4)

Total 485 (8.8) Total 264 (4.8)

AK: above knee, BK: below knee
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p=0.0001

1800
1600 1|
1400 1|
1200 1|
1000
800
600 1
400
200 1

0~10 10~ 20~ 30~ 40~ 50~ 60~ 70~ 80~ 90~
n=4,519

Fig. 4. Correlation between age and fungal infection in the patients with diabetes mellitus
referred to department of dermatology.

No.(%)

DLSO
1,715 (52.4%)
pso M 76 2.3%)

WSO 114 (3.5%)
Candida 11 (0.3%)

Total nail dystrophy

497 (15.2%)

0 300 600 900 1200 1500 1800 2100

n=3,276

Fig. 5. Predominant types of onychomycosis in the patients with diabetes mellitus. DLSO:
distal and lateral subungual onychomycosis, PSO: proximal subungual
onychomycosis, WSO: white superficial onychomycosis.

shelate] olst AAlIA R Egkede] elasle] TR 6. TRRIZ LIst Sy EiRlel S8 ABURT} A,

=2 oFH 3= 10,4039 (48.9%)°19, 1 F 52.7% Lio|Qte| Akabaly
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2 3y 2 AR 3,276, Eo] FAYA 9
7|k 3k 7397} 4717, ZAFESINE 9= A= 10070191
o} (Fig. 2).

- 9)5-] o)L 5,486™8F 3,885 (70.8%)0A
ﬂﬂ"ioﬂi Hlao] 3,209% (58.5%), Al%o] 1827
(3.3%), &Wto] 1831 (3.3%), T4°] 1219 (2.2%)°1
ot (Fig. 3). 55 713€ 8.8%3] 485704 vheRda 5% 7. DRI Uit SaEsiklel WaY MEzY v
W2 (prominent metatarsal)7} 7P A B2

w1 &) Wuko: 48991 264804 YEbtal $5 7
o] WHAR|A| k= A7} wsEulo] vk x|x] o=

t} o2+ &3t} (Table 4).

g Rate] oF]w]o] Wldst ) 5,48670A AdaT,
KOH =%ALE F3) 2lirziddo] &xld 4= 4,519
ol FH- o] NImE ExlellA 2,2727, A}l
Al 2,247 05 FhAZM frofgk xfel7} qlSltE - Xt
AAT} Yolztel Al oM BAKeR 235t
Al Yo7t E7FE 2ol F7kehs AoR YER
o} (P=0.0001) (Fig. 4).
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Fig. 6. Predominant sites of onychomycosis in the patients with diabetes mellitus

No.(%)
Plantar
2,482 (77.3%)
Dorsal 1,68 (5.2%)
Interdigitalis 1,632 (50.8%)
0 500 1000 1500 2000 2500 3000
n=3,209

Fig. 7. Predominant sites of tinea pedis in the patients with diabetes mellitus

No.(%)
80
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60
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Fig. 8. Fungal infections of other sites except for feet in the patients with diabetes mellitus

AP o9om (Fig. 5) WAl 2t 7). F slol] TR Wglel] Aol Sl
HE = AXgE 7P wol ATt (98.7%) (Fig. 2.5%°1 135%9] krlo| A Yeld=t &5
6). ERuae wieo] WAE Z97} 77.3%, WEel W AR, A4 Fo elglth (Fig. 8).

gk 73971 5.2%, A3l 2% 497} 50.8% ) (Fig.
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