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ABSTRACT
Objective: Diabetes mellitus (DM) is associated with many serious health complications such as diabetic foot ulcer (DFU). Onychomycosis increases 
the risk for foot disorders and limb amputation in DM patients, and if untreated, can result in tissue degradation and DFU. Therefore, this study 
aimed to determine the association between the incidences of onychomycosis and DFU.
Methods: This study included 40 DM patients with DFU (study group) and 40 DM patients without FU (control group). Samples were obtained 
from the most affected part of the nail. The deep-nail plaque of the right toe was preferred in patients with normal toenail appearance. In addition, 
mycological examinations were conducted. Values of p<0.01 were considered as significant.
Results: No significant difference was observed between the two groups with respect to age, sex, and hemoglobin A1c levels (p<0.01). However, 
the incidence of onychomycosis and use of insulin were significantly higher in the study group than in the control group (p<0.01 and p<0.001, 
respectively).
Conclusion: Onychomycosis might be associated with development of FU in patients with DM. By treating onychomycosis early, foot amputation 
can be prevented.
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Association Between Onychomycosis and Foot Ulcers in Patients with 
Diabetes Mellitus

1. INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disease that 
affects all age and socioeconomic groups.The number of 
people with diabetes was estimated to be 285 million in 
2010 and is projected to increase to 439 million by 2030 
(1). In patients with DM, local and systemic infections occur 
frequently and with higher severity as compared to the 
normal population (2). Two such infections onychomycosis 
and tinea pedis comprise the majority of these infections 
(3,4). In this study, we focused on onychomycosis, which is 
the most common nail disease with an incidence of 2–26% 
worldwide (5) and 15.8–26.0% in Turkey (6,7). Notably, this 
fungal infection is responsible for 30% of all superficial fungal 
infections(8).

Foot ulceration is one of the most hazardous complications 
of DM, as it is the most common cause of non-traumatic 
foot amputation (vascular disease, diabetes, or combination 
of both) worldwide. Patients with diabetes are 15–20 times 
more prone to amputation than those without DM (9). 
The prevalence of diabetic foot ulcers (DFUs) ranges from 
4% to 10% in hospitalized patients, and the lifelong risk of 
developing FUs may reach 25% in patients with diabetes(10). 
Once an FU develops, the risk of foot amputation increases 
due to rapid wound progression, and approximately 5% 

of diabetics develop FUs each year and 1% have require 
amputation (11).

Onychomycosis increases the risk for foot disorders and limb 
amputation in patients with diabetes in addition to affecting 
the cosmetic appearance of the foot (12). Therefore, 
optimum treatment is mandatory for diabetic patients with 
onychomycosis (13).

Many studies have thus far assessed the prevalence of 
onychomycosis in patients with diabetes. Gupta et al. 
reported a prevalence of 26% for onychomycosis in diabetic 
patients (12), whereas Mayser et al. reported a prevalence of 
59% for the same (14). Impaired sensation in diabetic patients 
may indicate the presence of traumatic and onychomycotic 
lesions, which may become a potential portal of entry for 
bacterial infections that can aggravate DF (15). Therefore, 
in this study, our aim was to determine the relationship 
between the incidence of onychomycosis and that of DFU in 
patients with diabetes.

2. METHODS

2.1. Patients

The study was conducted at the general surgery, orthopedics, 
internal medicine, and microbiology clinics of the hospital 
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between February 2013 and July 2013. The study group 
composed 40 patients with DM and FU and the control group 
comprised 40 patients with DM but without FU.

Inclusion criteria for the study were as follows: no receipt of 
oral and/or topical antifungal therapy in the last two months 
and no current immunosuppression. All patients included 
were aged > 18 years and had similar treatment statuses. 
Patients with gestational diabetes and excessive peripheral 
vascular disorder were excluded from the study.

All data were obtained from patients by face-to-face 
interview. Approval was obtained from each patient by using 
a form that included information on age, sex, hemoglobin 
A1c (HbA1c) levels, and treatment status (intake of oral anti-
diabetic drugs versus subcutaneous insulin).

2.2. Laboratory data

The HbA1c levels (%) were detected by high-performance 
liquid chromatography (HPLC) (Agilent 1200 Series, UV, 
Shimadzu Class-VP, Kyoto, Japan). The normal range was 4.4–
6% of the reference range. The HbA1c measurements were 
performed in a specific order: 0.1 mM ethylene diamine 
tetra acetic acid and 25 mM Tris-HCl were mixed with 500 
mL distilled water to prepare the hemolysate (pH:8.7). 
Thereafter, 1 mL hemolysate was added to 5μL complete 
blood and incubated for 20 min (37.2°C) to allow the 
erythrocytes to disintegrate. The mixture was then loaded 
into the HPLC instrument mentioned above.

2.3. Sample processing

Samples were obtained from the most-affected part of the 
nail. After cleaning the area with 70% alcohol, the affected 
part was scraped using a scalpel. The deep-nail plaque of 
the right toe was preferred for patients with normal toe 
appearance. However, the most-affected site was preferred 
for diabetic patients with onychomycosis. Sterile plastic 
containers were used for preservation of samples during 
transport.

Two drops of 20% KOH were added and a coverslip was 
applied. Thereafter, the sample was incubated for 3h until 
the specimen softened. The results of direct microscopic 
examination were recorded as positive or negative for 
fungus. Sabouraud dextrose agar with chloramphenicol 
(Merck, Germany) was used for culture plating of the sample 
in the clinical microbiology laboratory. The agar plates were 
incubated for 4 weeks at room temperature (26°C), after 
which the observations were recorded.

2.4. Ethical consideration

Approval from the local ethics committee was obtained 
for this study (10.12.2012-2012/90) and written informed 
consent was obtained in accordance with the Declaration of 
Helsinki from all patients. Privacy rights of the patients have 
been observed.

2.5. Statistical analysis

The Number Cruncher Statistical System (NCSS) 2007&Power 
Analysis and Sample Size (PASS) 2008 statistical software 
(Utah, USA) program was used for statistical analysis. 
Statistical measures such as mean, standard deviation (SD), 
frequency, ratio, minimum and maximum were used to 
evaluate the data. Student’s t-test was used to compare the 
normally distributed groups, and Fisher’s exact test or Yates’ 
Continuity Correction test (Yates corrected QHI-square) was 
used for analysis of qualitative data. Values of p<0.01 were 
considered significant.

3. RESULTS

The sex distribution was similar in both groups, and the 
ages in both groups ranged from 40 to 81 years (mean ± 
SD, 60.19±9.40 years). There was no significant difference 
between the two groups with regard to age and sex (p> 0.05).

Importantly, the prevalence of onychomycosis was 40% in 
the study group, i.e., DM patients with DFU, and 12.5% for 
the control group, i.e., DM patients without DFU (Table 1). 
The HbA1c levels ranged between 5.5% and 14.3%, with a 
mean of 7.82% ± 1.64%. The mean HbA1c value in the study 
group was 7.66% ±1.42%, whereas that in the control group 
was 7.98% ± 1.84%. Furthermore, 40% of all patients (n=32) 
were receiving oral anti-diabetic drugs, and the remaining 
60% (n=48) were receiving subcutaneous insulin. Direct 
microscopic examination of the samples yielded a negative 
result in 86.2% (n=69) of the patients and a positive result in 
the remaining 13.8% (n=11) of patients. In addition, culture 
results were negative in 74% of the patients and (n=59) 
and positive in 26% patients (n=21). The HbA1c levels and 
microscopic examination results did not show any significant 
difference between groups (p>0.05).

Table 1. Characteristics of patients in the study group (diabetic 
patients with diabetic foot ulcers) and control group (diabetic 
patients without diabetic foot ulcers)

Total
(n=80)

Study 
group

 (n=40)

Control 
group
(n=40) p

Mean±SD Mean±SD Mean±SD
Age (years) 60.19±9.40 60.10±9.88 60.28±9.03 0.934a

HbA1c 7.82±1.64 7.66±1.42 7.98±1.84 0.387a

n (%) n (%) n (%)

Sex Female 40 (50.0) 16 (40.0) 24 (60.0)
0.118b

Male 40 (50.0) 24 (60.0) 16 (40.0)

Drug use OAD 32 (40.0) 8 (20.0) 24 (60.0)
0.001b,**Insulin 48 (60.0) 32 (80.0) 16 (40.0)

Microscopy 
results

Negative 69 (86.2) 33 (82.5) 36 (90.0)
0.516b

Positive 11 (13.8) 7 (17.5) 4 (10.0)

Culture Negative 59 (74) 24 (60.0) 35 (87.5)
0.003b,**Positive 21 (26) 16 (40.0) 5 (12.5)

aStudent’s t-test, bYates’ Continuity Correction Test or Fisher’s Exact Test
**p<0.01, OAD, oral anti-diabetic drugs; HbA1c, hemoglobin A1c; SD, 
standard deviation

The diabetes medication status was found to be significantly 
different between the groups (p<0.001): Insulin usage was 
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approximately 6 times higher in the study group than in 
the control group (odds ratio: 6.0;95% confidence interval 
[CI]: 2.207–16.313). In addition, the culture results were 
significantly different between groups (p=0.003; p<0.01; 
odds ratio for culture positivity: 4.667; 95% CI:1.685–12.927; 
Table 1).

4. DISCUSSION

DM is associated with various disabling health complications, 
especially DFU (16,17). DF is the infection, ulceration, and 
deep tissue destruction related with neurological peripheral 
vascular and/or metabolic complications of DM (18). Nearly 
one-third of all patients with DM develop onychomycosis(12), 
which is responsible for 50% of all nail problems (19) and 
30% of all superficial fungal infections (20). As such, it is an 
important factor of morbidity.

In the literature, standard microscopic examination of tissue 
of DFU has shown varying rates of positive results, ranging 
between 10% and 75% (21-23). In our study, the rate of 
positive results for microscopic examination was 13.8%, but 
that by cultural studies was 26%. The major cause of false-
negative results of microscopic examination is use of the 
uninfected part of the nail that does not contain any fungal 
hyphae (21,24). In addition to previous topical or systemic 
treatment, the quality and amount of nail sample obtained 
are important (21,25). Therefore, culture of the sample is 
recommended to confirm the diagnosis in suspected cases. 
In our study, all samples were subjected to both standard 
microscopic examination and culture in order to reduce the 
false-negative results.

Several controlled (26-30) and non-controlled studies (12,31) 
have evaluated the relationship between onychomycosis 
and DM. The frequency of onychomycosis worldwide varies 
widely, i.e., 6%–85%. Some studies have reported that DM 
promotes onychomycosis (31), while others have reported 
that the frequency of onychomycosis does not vary between 
patients with diabetes (14.4%) and those without diabetes 
(14%) (29). In the current study, we found that the frequency 
of onychomycosis was 26% among the 80 patients with 
DM. In particular, 40% of patients in the study group had 
onychomycosis. This high prevalence of onychomycosis could 
be because macro – and microangiopathy in patients with 
diabetes with hypoxia and impaired immunity may facilitate 
the development of onychomycosis (27,32).

Foot infections occur frequently in individuals with DM 
and dramatically increase the risk of hospitalization and 
amputation (33). Intravenous insulin infusions are the 
preferred method for achieving and maintaining glycemic 
control in critically ill patients and for the majority of 
non-critically ill patients. For some non-critical patients, 
scheduled subcutaneous administration of insulin with 
basal, nutritional, and correction components is preferred 
for achieving and maintaining glucose control. Additionally, 
non-insulin anti-hyperglycemic agents are avoided for most 
hospitalized patients requiring therapy for hyperglycemia 

(34). In this study, the majority of patients with DFU were 
hospitalized because they presented with infected FUs. 
Therefore, insulin usage in these patients was significantly 
higher (p<0.001) than that in the control group.

In this study, we found a significant relationship between 
onychomycosis and FU. It is known that onychomycosis 
promotes progression of DFU (35). Sharp, brittle nails 
can gouge the skin, creating a portal for entry of bacteria. 
Onychomycosis is often associated with tinea pedis, 
which can create fissures in the skin, paving the way for 
bacterial infections. The incidence of secondary infection 
in diabetic patients with onychomycosis and those without 
onychomycosis was found to be 15% and 6%, respectively 
(36). Both fungal and bacterial secondary infections, including 
paronychia and cellulitis, may be caused by injury to adjacent 
skin from the mycotic nail. Patients are usually unaware of 
these injuries or infections (12,20). Blisters may arise due to 
the pressure applied by thickened nails and hyponychium. 
Peripheral neuropathy may contribute to deterioration of 
simple erosions and blisters to cellulitis or osteomyelitis of 
the underlying bone (12,20). Because the risk of amputation 
increases with onychomycosis, it is imperative for clinicians to 
examine the feet of diabetic patients and when the presence 
of infection is suspected, the clinician should obtain a sample 
for diagnosis.

Despite our important findings, our study has a few limitations 
that need to be addressed. First, the size of the study 
population was small. Second, we excluded patients with 
excessive peripheral vascular disorder, but included some 
patients with mild peripheral vascular disease; therefore, the 
influence of slight obstructions (asymptomatic, incomplete 
blood vessel obstruction) in the development of DFU was not 
excluded.

5. CONCLUSION

Onychomycosis might cause DFU in DM patients when left 
untreated and once developed, may require limb amputation. 
It is usually asymptomatic in otherwise healthy persons but 
may be responsible for progression to FU in patients with 
DM. Therefore, patients with diabetes should be routinely 
checked for onychomycosis.
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