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Abstract

Introduction: Diabetes mellitus is a metabolic disease widespread around the world. It may lead to organ dysfunc-
tion, immunodeficiency, vascular complications, and peripheral neuropathy. These factors contribute to susceptibil-
ity to fungal and bacterial infections of the nails, which could have serious consequences.

Aim: To evaluate the knowledge about infection prophylaxis, prevalence of pathogens and a change in quality of
life among different groups of diabetic patients.

Material and methods: The study was performed using the DLQI questionnaire, interview, physical examination,
mycological tests, and a survey containing multiple choice questions. The sample consisted of 120 patients. We
revealed the presence of the infection in almost all of the patients, both with type 1 and type 2 diabetes.

Results: A great number of the participants lacked a credible source of information on their disease and conse-
quently had little understanding of possible complications and prophylaxis of the nail infections. An overwhelming
majority of the patients experienced pronounced discomfort of the skin and nails and felt extremely embarrassed
with their nail appearance.

Conclusions: Further research needs to be conducted to determine the efficacy of different methods of preventing
nail infections in diabetic patients. Physicians, aside from implementing appropriate treatment, need to ensure
that high-risk patients receive sufficient education on the prophylaxis of nail infections and on proper foot care.
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Introduction

Diabetes mellitus is a metabolic disease, which is
characterized by an elevated plasma glucose level. Con-
sidering its widespread occurrence in human population,
it poses a major challenge to public health. The incidence
of diabetes is steadily increasing worldwide. It is inter
alia the repercussion of an ongoing rapid urbanization,
which results in lowering the levels of physical activity
and gaining weight. Low socioeconomic status is also
a risk factor for diabetes [1].

Untreated diabetes mellitus leads among others to
organ dysfunction, immunodeficiency, severe vascular
complications, and peripheral neuropathy. Early diagno-
sis and prevention of typical consequences of the dis-
ease are a crucial task of health professionals.

Vascular, immunological and neuropathic complica-
tions may lead to the development of various diseases

of the skin, nails and the diabetic foot syndrome, which
is a relatively frequent cause of limb loss [2].

Nails significantly improve manual abilities of the
hands, enabling the precision of grip and the handling of
objects. Hard nail plate protects plentiful nerve endings
from injuries [3]. Nails also contribute greatly to hands
and feet aesthetics, and consequently to patients’ gen-
eral well-being. Their appearance also plays a role in di-
agnostics, since just like the appearance of the skin, it
correlates with various abnormal conditions of the body,
such as diseases of skin and connective tissues as well
as infections [4].

Any lesion on the nail, when discovered, requires
a thorough differential diagnosis, implementing suitable
treatment and relapse prevention. The aetiology of a le-
sion can be infectious or systemic, as for instance in nail
psoriasis, often accompanying diabetes mellitus [5].
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Susceptibility to bacterial and fungal infections of
the nail is conditioned by numerous factors, such as age,
sex, genetic predisposition, preferred footwear type,
smoking, attending public swimming pools [6]. Diabetes
is also one of the key risk factors in developing onycho-
mycosis, whose versatile clinical presentation needs to
be differentiated, among others, with consequences of
atherosclerosis of the peripheral arteries and mechani-
cal traumas, unnoticed by the patient due to peripheral
neuropathy [7].

The most common type of onychomycosis is distal
and lateral subungual onychomycosis, known as DLCO.
It involves the nail plate starting from the free edge or
lateral nail folds. Nail bed is also infected and becomes
pathologically hyperkeratotic. This leads to the elevation
of the nail plate, which changes its colour to yellowish-
brown and becomes uneven. Diabetics are also suscep-
tible to bacterial infections, such as paronychia or infec-
tion caused by Pseudomonas aeruginosa. This process is
often preceded by onycholysis and a destruction of the
nail unit [8].

Aim

The aim of this study is to evaluate the level of knowl-
edge among patients with diabetes mellitus about ways
of preventing nail infections and about the impact that
these infections have on the patients’ lives. We also ana-
lysed differences between groups of participants — with
type 1 and type 2 diabetes, as well as between males and
females. The final part of the article contains two case re-
ports, in which we will demonstrate different therapeutic
approaches in diabetic patients with nail infections.

Material and methods

The study was performed using the DLQI question-
naire, interview, physical examination, mycological
tests, and a survey containing multiple choice ques-
tions. One-hundred and twenty patients with diabetes
who attended the podiatry clinic to evaluate changes
of the nail plate were enrolled in the study. Half of the
respondents suffered from type 1, and half from type 2
diabetes. Examination was conducted at the Department
of Dermatology in Heliodor Swiecicki Clinical Hospital in
Poznan. Concomitant diseases of the participants had
been verified by specialists in their respective fields. The
material has been acquired according to modern ethi-
cal standards and the study has been approved by the
legally appropriate ethical committee.

Results
Type 2 diabetes

Among the 60 participants with type 2 diabetes, 72%
had higher education. All of the women were at least
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50 years of age and all of the men at least 60. The dura-
tion of their disease exceeded 10 years. The whole group
had been under permanent control of a diabetologist.
Everyone lived in the city with a population over 500
thousand.

The results of the mycological examination and fun-
gal culture tests revealed infection of the nail plate in
87% of the patients. Dermatophytes were found to be
the most common fungus (62%), yeast-like and mould
fungi were also cultivated from the samples. A high prev-
alence of bacteria was also discovered (83%). Onycholy-
sis was found in all of the patients, discoloration of the
nail plate and subungual hyperkeratosis in 88% and 93%
of the sample respectively.

Only slightly more than a half (56%) of the respon-
dents stated they gained knowledge about their disease
from doctors, and 18% of them considered Internet ar-
ticles as their main source of information. According to
62% of the patients (of whom 65% were men), properly
fitting footwear type does not influence the risk of de-
veloping the diabetic foot syndrome. Only one female
wore high heels on a daily basis. In order to prevent
disorders of the skin and nails, 27% of the participants
visited a podiatrist regularly, and 43% limited their ac-
tions to clipping their toenails. Roughly half (53%) of the
sample reported very pronounced ailments of the skin in
the week before, taking the form of pruritus, pain, sting-
ing or tingling (the frequencies of the answers are pro-
vided in Figure 1). An overwhelming majority (90%) felt
extremely embarrassed with the appearance of their skin
and nails, and 50% recognized a huge negative impact of
these conditions on their social life and ways of spending
free time.

Type 1 diabetes

Patients with type 1 diabetes fell within three age
groups — 16 people under 18 years old, 41 between 19
and 32, and 3 people over 33 years of age. Most of them
(58%) were diagnosed with diabetes less than 5 years
before, 12% over 10, and the rest (30%) between 6 to
10 years. Individuals with higher education made up 17%
of the group, while 88% of the participants were profes-
sionally active. Similarly to the type 2 diabetics sample,
all of them lived in a city with a population of more than
500 thousand.

In mycological examination 80% of the patients
tested positive and, just as in the type 2 sample, derma-
tophytes turned out to be dominant (58%). Prevalence
of onycholysis reached 95%, subungual hyperkeratosis
85%, and discoloration of the nail plate — 58%. Figure 2
presents the occurrence of fungal infections in the whole
sample, with a division into type 1 and type 2 diabetes
patients.

Over half of the patients acquired information about
diabetes and its complications mainly from the Internet
(64%), 23% sought advice from their doctors, 8% from
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Figure 1. Number of patients with type 1 diabetes and de-
clared level of nail discomfort (n = 60)

their friends and family, and 5% educated themselves
with books. A majority of the respondents believed there
is no connection between the type of footwear and a risk
of developing diabetic foot syndrome. One third of the
women wore high heels. Twenty-seven percent of the pa-
tients visited a podiatrist regularly, 82% of whom were
women. According to the results of the DLQI question-
naire, 63% of participants experienced pronounced dis-
comfort of the skin and nails in the form of pruritus, pain,
stinging or tingling (data provided in Figure 3). Over half
of them admitted feeling highly embarrassed with their
nail appearance and 62% acknowledged its negative im-
pact on their social and romantic life.
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Figure 2. Prevalence of pathogens in patients with type 1
and 2 diabetes (N = 120)

Discussion

Almost all of the study participants tested positive
for onychomycosis. However, the fact that the sample
was recruited from volunteers who wanted to rule out
the presence of fungal infection needs to be taken into
consideration. According to the meta-analysis performed
by Gupta et al. in 2014, diabetic patients develop all types
of onychomycosis many times more often than healthy
individuals [6]. Researchers link this regularity with the
coexistence of neuropathy, immunodeficiency, and pe-
ripheral vascular disease. The results we obtained did not
show a significant difference between the two types of
diabetes, or the patients’ gender. In the physical exami-
nation, onycholysis was found in all of the participants,
and was often associated with subungual hyperkeratosis
or discoloration. These lesions had been developing over
a long period of time, however, they did not alarm the
patients sufficiently to see a dermatologist or podiatrist.
Moreover, a vast majority of the respondents in both
groups found recent skin and nail discomfort greatly dis-
turbing.

While small and demarcated fungal lesions do not
pose a real threat to patients’ health, untreated onycho-
mycosis might become dangerous, especially for diabet-
ics. Deformation of the nail plate can lead to its ingrowth
and subsequently to injuring the lateral nail folds and
skin of the fingertip [9]. Neuropathy, peripheral artery
disease and immunodeficiency facilitate bacterial super-
infection, which might result in cellulitis, osteomyelitis
and even sepsis.

W Extremely high [ High EModerate O None

Figure 3. Number of patients with type 2 diabetes and de-
clared level of nail discomfort (n = 60)
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Patients’ neglect of the symptoms may be the result
of a lack of adequate knowledge regarding prophylaxis,
coming from a reliable medical source. With regard to the
age structure, among the type 1 diabetes sample, young-
er than that with type 2, the most popular source of infor-
mation was the Internet. Our questionnaire survey also
showed that the respondents were not fully aware of the
consequences of wearing poorly-fitting shoes for devel-
oping skin infections.

In addition to undeniable risks to physical health,
a negative psychological impact of nail plate infection
needs to be taken into consideration. A clear majority
of the affected felt extremely embarrassed because of
the appearance of their nails, which made maintain-
ing and building relationships challenging. This issue
should serve as an additional motivation for healthcare
professionals of all areas of specialization to ensure that
high-risk patients receive sufficient education on the pro-
phylaxis of nail infections and on proper foot care. Basic
recommendations should comprise thorough daily self-
examination of the skin and nails, and regular visits to

Figure 4. From left to right — patient’s toenail on the 1%, 2" and 5% visit

the podiatrist or dermatologist. Patients also need to be
aware of the fact that neuropathy often eliminates pain
signals arising from developing infection. Pain, however,
is a predominant symptom prompting patients to see
a doctor.

Treating diabetes and its consequences poses a con-
siderable challenge to numerous branches of medicine.
Further research needs to be conducted to determine the
efficacy of different methods of preventing nail infections
in diabetic patients in order to avoid severe complications,
such as the need for amputation of the limb or even death.
It is also a physician’s task to implement appropriate treat-
ment, stopping the infection from spreading.

Case reports

In the final part of this work, we present two case
reports of the patients of the Dermatology Clinic in the
Heliodor Swiecicki Clinical Hospital in Poznan, along with
a description of the treatment management and the pho-
tographs of its effects.

I

Figure 5. From left to right — patient’s toenail on the 1%, 2" and 7% (after 7 months) visit
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Case 1l

A 28-year-old male with type 1 diabetes diagnosed
5 years ago sought medical attention in regard to the in-
flammation, swelling and bleeding of the left foot toenail.
Five years before he was subjected to nail avulsion due to
a fungal infection diagnosed by a primary care physician
and confirmed with mycological tests. The removed nail
plate was growing into the skin despite multiple interven-
tions.

The performed tests detected the bacterial infection.
Lateral, protruding fragments of the nail plate were re-
moved and a dressing with an antibiotic ointment Be-
tadine (povidone-iodine) was put on. The patient was
instructed to use Daktarin (miconazole) cream topically
twice a day and additionally the protective liquid 08 OIL,
containing a mixture of plant oils. Soon after the first
visit, the pain diminished. On subsequent visits the an-
tibiotic ointment tamponade was changed. During the
fifth visit a titanium toenail brace, which enabled the lift
of the nail plate, was applied. Every 3 weeks the patient
visited a dermatologist to assess the condition of the
toenail brace and the nail itself (Figure 4).

Case 2

Five years before making an appointment in the Der-
matology Clinic, a 42-year-old male with type 2 diabe-
tes and hypertension suffered an injury to the right foot
toenail. As a consequence, the nail plate thickened and
deformed its shape. A physical examination also showed
onycholysis as well as green and black discoloration.

The mycological test revealed the infection with
mould fungi Fusarium sp. In accordance with the test re-
sults, oral antifungal medication (itraconazole) was intro-
duced. After cleaning and trimming the nail plate on the
first visit, the pain ceased. During monthly repeated visits
the nail plate was cleaned and examined. The patient
was also recommended to use Daktarin (miconazole)
cream and 08 OIL topically twice a day (Figure 5).
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