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Abstract

Onychomycosis, which is the chronic fungal infection of finger and toe nails, is too prevalent in persons suffering with diabetes
mellitus. Diabetes generally make a person more prone to a number of diseases due to their weakened immune system. Diabetics are
almost three times more likely to develop onychomycosis than non-diabetics. In our present study, out of the 370 detected diabetic
patients (190 males and 180 females), a total of 45 cases were found to be positive for onychomycosis, which showed a prevalence
percentage of 12.16%. 35 onychomycotic male patients with a prevalence percentage of 9.46% and 10 onychomycotic female
patients with a prevalence percentage of 2.70% with different clinical symptoms viz., Distal lateral subungual onychomycosis
(DLSO), Proximal subungual onychomycosis (PSO), White superficial onychomycosis (WSO) and Total dystrophic onychomycosis
(TDO) were reported. A total of 5 dermatophytes, 12 non-dermatophytes (yeast-like fungi) and 28 non-dermatophytes (filamentous
fungi) were isolated from the nails of detected diabetic patients. The study also indicates that diabetic males are 3.5 times more
prone to onychomycosis than diabetic females. This high prevalence of onychomycosis in diabetics is attributed to a combination
of host factors including impaired glycaemic index, ischaemia, neuropathy and local immune-suppression. Onychomycosis can be
especially important for some specific occupational groups because of their regular contact with soil, dirt and dust. Such people of
the society, which depend upon physical labour for earning, such as, the farmers, gardeners, sweepers, maidservants, labourers,
miners, etc., may be more prone to dermatophytic and non-dermatophytic onychomycosis and if they are diabetic then situation
will become more complicated for them. This study also found that among detected diabetic patients highest prevalence rate of
onychomycosis was found in employees (35.6%), farmers (24.4%), house-wives (17.8%,), business-men (11.1%) and labourers
(11.1%). Onychomycosis is a significant predictor for the development of secondary infections and foot ulcers in diabetes. Since,
diabetics have vascular and nerve impairment, any minor injury to feet including a nail fungal infection can lead to more serious
complications. Diabetics may have increased difficulty in doing regular foot check-ups due to obesity or retinopathy or cataracts,
which may contribute to higher risk of developing complications from onychomycosis. In addition, symptoms go away very slowly
and may take a year or more for the entire replacement of the old and infected nail. The study also found a correlation between the
increasing age, diabetes and onychomycosis.
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1. Introduction

Onychomycosis is the chronic fungal infection of finger and
toe nails, which may be caused by dermatophytes or non-
dermatophytes including filamentous and yeast-like fungi. It is
known to be associated with physical and psychological morbidity
that affects the quality of life in a significant proportion of the
world population. Onychomycosis occurs worldwide and affects

approximately 5% of the population globally [1]. It appears to be
a variable entity present in different forms in different parts of the
world with every country and every region of a country having its
own characteristic presentation [2]. Onychomycosis is among the
most common nail disorders in adults, accounting for 15-40% of
all nail diseases [3]. According to Richardson and Warnock (2012),
approximately 20% of the population aged over 60 years, and up
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to 50% of subjects aged over 70 years have onychomycosis [4].

Onychomycosis can cause permanent damage to nails and may
lead to other serious infections if the immune system is suppressed.
Many risk factors are responsible for onychomycosis and some
of them have been identified as diabetes, immune-compromised
patients, avid sports participants, genetic defects and recently the
COVID-19 SARS-CoV-2 infection [5-10]. As the population ages,
there are corresponding chronic health problems that emerge, such
as, diabetes, hypertension, thyroid and poor peripheral circulation.
The risk is most serious for people with diabetes as they have
vascular and nerve impairment and thus any minor injury to
feet including a nail fungal infection can lead to more serious
complications. In addition, symptoms go away very slowly and
may take a year or more for the entire replacement of the old
infected nail. Onychomycosis can also be important for some
specific occupational groups of people because of their regular
contact with soil, dirt and dust [11]. Such diabetic people of the
society, which depend upon physical labour for earning, such as,
the farmers, gardeners, sweepers, maidservants, labourers, miners,
etc., may be more prone to dermatophytic and non-dermatophytic
onychomycosis.

Diabetics are almost three times more likely to develop
onychomycosis than non-diabetics [12]. High prevalence of
onychomycosis among the diabetics is attributed to a combination
of host factors including impaired glycaemic index, ischaemia,
neuropathy and local immune-suppression. Onychomycosis is a
significant predictor for the development of foot ulcers in diabetes
[5]. Diabetics may have increased difficulty in doing regular
foot check-ups due to obesity or retinopathy or cataracts, which
may contribute to higher risk of developing complications from
onychomycosis. Usually diseased nails have thick sharp edges,
which can injure the surrounding skin tissue and result in pressure
erosion of the nail bed. Such injuries usually may go unnoticed
in diabetics due to sensory neuropathy [3]. The injury may act as
an entry point for bacteria, fungi or other pathogens, leading to
limb-threatening complications or even possible amputation of the
lower extremities [3]. Approximately, 34% of all diabetics have
fungal nail infections, as they show many of the risk factors that
are associated with the increased prevalence of this disease [13].
Reports show that the most common causative agent for tinea pedis
and onychomycosis in diabetic patients is Trichophyton rubrum,
followed by T. mentagrophytes and then by other onychomycotic
fungi [14,15].

Survey of literature shows few reports of isolated cases of
onychomycosis from UT of Jammu and Kashmir [16,17]. So far,
district wise survey for onychomycosis has been done only for
Jammu and Rajouri [18-20]. In view of this, work was undertaken
to study the prevalence of onychomycosis among diabetes
mellitus population of District Doda, which is in the eastern part
of Jammu province. District Doda lies within the middle and outer
Himalayan ranges at 32° 53" and 34° 21'N latitude and 75° 1" and

76° 47°E longitude at an average elevation of 1107 meters (3631
feet) asl with temperature variation of -7°C to 37°C. The total area
of district Doda is 2,985 Km? and its population according to 2011
census is 4,09,936, out of which, 2,13,641 are males and 1,96,295
are females (http://doda.gov.in). Administratively, District Doda
has been divided into 4 tehsils (Doda, Bhaderwah, Gandoh and
Thatri) and 8 blocks viz., Doda, Bhaderwah, Gandoh, Thatri,
Marmat, Bhagwah, Assar and Gundna (http://censusindia.gov.in).

2. Materials and Methods

During the five year survey period (2018-2022), samples of
dystrophied fingernails and toenails were collected from the
confirmed diabetic patients residing in District Doda of Union
Territory of Jammu & Kashmir (India). Their fasting blood sugar
level was estimated with the help of a Standard Digital Automatic
Glucometer (blood glucose monitor) to confirm their sugar level in
the blood. A detailed data sheet of each patient specifying history
of occupation, personal habits, duration of infection, predisposing
factors, different clinical patterns of onychomycosis, etc were
recorded. All procedures performed in this study which involved
human participants were in accordance with the ethical standards
of the Institutional Ethical Committee. The standard procedure
was applied for collecting the nail scrapings and nail clippings
[21]. The dystrophied nail was first cleaned with 70% ethanol
and a part of it was collected with a surgical blade in sterilized
polythene bags. Direct microscopic observations were conducted
by placing them in 2-3 drops of 20% potassium hydroxide (KOH)
prepared in 36% dimethyl sulfoxide (DMSO) to detect any
fungal hypha or spore. The samples irrespective of the negative
or positive direct microscopic examination were then kept on
dermatophyte test medium (DTM) and Sabouraud dextrose agar
(SDA) medium supplemented with Chloramphenicol (0.040
g/L) and Cycloheximide (0.500 g/L) and incubated at 28+2°C
for 7-14days. If the same fungus was isolated in culture on more
than two consecutive occasions then it was taken as the criterion
to consider the fungus as a probable pathogen. On the basis of
the colouration, colony morphology, growth rate and lactophenol
cotton bluemounts, the pathogens were identified mycologically
by following the relevant literature. Identity of some of the fungal
species was confirmed from National Fungal Culture Collection of
India (NFCCI), Agharkar Research Institute (ARI), Pune, India.

3. Results and Discussion

During the period of survey, 370 diabetic patients from all the
four tehsils of district Doda were scanned for the prevalence of
onychomycosis. Of these, total of 45 individuals were found to
be suffering with onychomycotic nails, thus showing a prevalence
percentage of 12.16%. Data obtained during the survey were
processed and statistically analysed using IBM SPSS version
24 under the platform of Microsoft windows XP. The different
performance tests were compared using the Pearson chi-square
test. P value less than 0.05 (P< 0.05) was considered statistically
significant. Further, as shown in table 1, among the 45 diabetics
showing onychomycosis, 35 were males and 10 were females.
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This shows that diabetic males of District Doda were more prone
to onychomycosis (9.46%) than the diabetic females (2.70%) with
a ratio of 3.5:1. Earlier, few other researchers have also reported
diabetic males to be 2.5 to 3 times more prone to onychomycosis
than the diabetic females, whereas others have found no significant
difference in gender distribution among diabetic patients suffering
from onychomycosis [22-25].

In the present study, more prevalence of onychomycosis among the
diabetic males than the diabetic females is attributed to the fact that
males are generally more engaged in outdoor physical activities
like farming, sporting, social life, etc and hence their nails are more
exposed to trauma and invasion by the invading fungi. In addition,
they wear shoes for long hours, which create warm and humid
conditions around the feet, thus making them more susceptible
to the growth of fungal species causing onychomycosis. Many
other researchers have also reported male onychomycosis to be
more prevalent than female onychomycosis [23,26]. As depicted
in Plate 1 & 2, both the toe and finger nails of the diabetic patients
from Doda District were observed to be dystrophied due to fungal
pathogenesis and they showed different patterns of onychomycosis
like Distal lateral subungual onychomycosis (DLSO),

Proximal subungual onychomycosis (PSO), White superficial
onychomycosis (WSO) and Total dystrophic onychomycosis
(TDO). Among the observed 45 diabetic patients, 90 finger and
toe nails were onychomycotic, which included 56 onychomycotic
toenails samples (6.2%) and 34 onychomycotic fingernails (3.8%)
(Table 2). High incidence of toenail onychomycosis in diabetic
patients has been reported earlier also by Manzano-Gayosso et al.
and Leelavathi et al. [27,28]. During the present investigation, big
toenails of the diabetics were more affected by fungal infection
than other toenails (Table 2). This may be due to occlusive
footwear pressure, defective blood circulation, peripheral vascular
disease and neuropathy. In addition, use of public facilities like
bathing ghats, swimming pools, community halls and also visiting
the places of worship bare footed increase the risk of nail injuries,
trauma and thus onset of onychomycosis [29]. Infact, such injuries
usually go unnoticed in diabetics due to sensory neuropathy and
may act as important sites for entry of fungal pathogens that cause
onychomycosis [30,31]. The risk factors of preponderance of
onychomycosis in diabetic patients are its duration, occupation,
maturing age, subclinical atherosclerosis, obesity, triglyceride
levels, metabolic syndrome and glycosylated haemoglobin [15].

Plate 1: Clinical Representation of Onychomycotic toe Nails of Diabetic Patients
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Plate 2: Clinical Representation of Onychomycotic toe Nails of Diabetic Patients

B Employees M Farmers [ Housewives M Businessmen [ Labourers

Figure 1: Prevalence (%) of Onychomycosis Among Diabetics with Different Occupational Groups
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As depicted in table 2, out of the 45 diabetic patients with
onychomycosis, 16 were employees, 11 were farmers, 8 were
housewives and 5 each were businessmen and labourers. Therefore,
highest prevalence rate of onychomycosis (35.6%) was detected
among the diabetic employees (Figure 1). This study suggests that
diabetic employees are at high risk of onychomycosis due to their
continuous sitting for long hours, no exercises and wearing shoes
for the whole day, which increases the disorders in their soles,
toes, nails and provides condition that induces pressure necrosis of
skin, thus increasing the chances of fungal infection. In our study,
diabetic farmers and housewives formed the next onychomycotic
risk groups with 24.4% and 17.8% prevalence respectively. This
was probably due to their repeated contact of the finger nails and
toe nails with water and soil, which influences the growth of nail
infecting fungi. In our investigation, the diabetic businessmen and
labourers were at minimum risk of onychomycosis, each showing
11.1% prevalence (Figure 1).

As shown in table 2 and depicted in figure 2, a total of 5
dermatophytic fungal species were isolated from the infected
nails of diabetic patients, thus showing a prevalence percentage
of 11.1%. Among the non-dermatophytes, 12 yeast-like fungal
species and 28 filamentous fungal species were isolated from the
dystrophied nails of diabetic patients, thus showing a prevalence
rate of 26.7% and 62.2% respectively. This indicates that non-
dermatophytes, which are keratinophilic soil-borne opportunist

70.00%
60.00%
50.00%
40.00%
30.00%

20.00%

Prevalence (percent)

10.00%
11.10%

0.00%

Dermatophytes

B Non-dermatophytes (yeast-like fungi)

fungal species invade the nails of a person whose body immune
system is compromised, become pathogenic and cause dystrophies
by invading fresh keratinized tissues of the nail [11,32-35]. During
the present investigation, it was also observed that the diabetic
patients having onychomycosis were above the age of 33 years
(Table2). Further, a correlation between the increasing age of
diabetic patients and onychomycosis was observed. Perusal of data
given in table 2 shows that within the age group (31-45 years), only
13 cases of diabetic patients with onychomycosis were detected,
whereas in the age group (46-60 years), 15 cases were found and
above 60 years, 17 cases were detected. Earlier, Gupta et al. and
Leelavathi et al. also reported that the incidence of onychomycosis
is more frequent among diabetic elders [13,28]. In fact, diabetes
mellitus is considered as one of the major predisposing factors for
onychomycosis [36]. According to Gupta et al., diabetic patients
are three times more prone to onychomycosis than non-diabetic
patients [13]. Moreover, due to obesity, retinopathy, cataracts and
sensory neuropathy, they have lots of difficulty in going for regular
foot check-ups [3]. Further, if onychomycosis is left untreated for
longer period in these patients, their toenails can become thick
with sharp edges, which may cause pressure and irritation of
the surrounding skin tissue and thus result in erosion of the nail
bed [3]. This injury may act as an entry point for other harmful
microbial pathogens, thus making these patients more likely to
develop limb cellulitis, foot ulceration and even amputation of the
lower extremities [31,37,38].

B Non-dermatophytes (filamentous fungi)

Figure 2:Prevalence (%) of onychomycotic Species Detected from Dystrophied Nails of Diabetic Patients

Currently, the world is facing COVID-19 pandemic since 2019
due to Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2). Diabetic patients suffering with onychomycosis can be
more prone to COVID-19 and the response to medicines is also
poor in these patients. Recently, Rakita et al. in their study also
suggested that diabetic patient with onychomycosis is an indicator
of more severe COVID-19 and poor out-comes [10]. In their

experiment they found that the onychomycosis was a significant
independent risk factor for COVID-19 severity, hospitalization
and receiving supplementary oxygen therapy. Diabetes mellitus is
always considered as a predisposing factor for a number of diseases
viz., onychomycosis, skin diseases, mucormycosis, cardiovascular
diseases, cataracts, etc [6,39,40-43].
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No. of diabetic patients | No. of diabetic patients with
Gender scanned onychomycosis Prevalence (%)
Males 190 35 9.46%
Females 180 10 2.70%
Total 370 45 12.16%
Table 1: Prevalence (%) of Onychomycosis among Diabetic Patients
Diabetic case Isolated fungal
with Gender Age Site of infection Occupation pathogen
(in years) (nails infected) of patient
onychomycosis
Case 1 M 80 Left toenails (1,2,3) Employee Microsporum sp.
Case 2 M 45 Left toenail (1) Employee Microsporum sp.
Case 3 M 36 Left fingernail (1) Farmer Epidermophyton sp.
Case 4 M 45 Right fingernails (3,4) | Businessman Aureobasidium sp.
Case 5 M 35 Left toenails (1,2,3) Farmer Aureobasidium sp.
Case 6 M 34 Left fingernail (1) Farmer Syncephalastrum sp.
Case 7 F 34 Left toenails (1,3,4) Housewife Sarocladium sp.
Case 8 F 68 Right fingernails (1,3) | Housewife Acremonium sp.
Case 9 M 47 Left fingernails (2,3,4) | Farmer Alternaria sp.
Case 10 F 42 Right fingernails (3,4) | Housewife Cladosporium sp.
Case 11 M 53 Right fingernails Employee Cladosporium sp.
(2,3,4,5)
Case 12 M 36 Left toenails (1,2) Farmer Nigrospora sp.
Case 13 F 62 Right fingernail (2) Housewife Curvularia sp.
Case 14 M 65 Right fingernail(1) Employee Penicillium sp.
Case 15 M 65 Right toenail (1,2) Employee Penicillium sp.
Case 16 M 82 Right toenails (1,2) & Employee Aspergillus sp.
Left toenails (1,2)
Case 17 M 56 Right toenails (1,2) & Labourer Aspergillus sp.
Left toenails (1,4)
Case 18 M 65 Left fingernail (4) Farmer Aspergillus sp.
Case 19 M 64 Right toenail (1) & Farmer Aspergillus sp.
Left toenail (1)
Case 20 M 56 Right toenails (1,2,3,5) | Employee Aspergillus sp.
& Left toenails (1,2)
Case 21 M 70 Left toenails (1,2) Employee Candida sp.
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Case 22 M 62 Left fingernails (2,3,4) | Employee Candida sp.
Case 23 M 57 Right toenail (1) & Employee Candida sp.
Left toenail (1)
Case 24 M 62 Right fingernail (4) Farmer Candida sp.
Case 25 F 57 Left fingernail (3) Employee Fusarium sp.
Case 26 M 66 Right fingernails (1,5) | Employee Fusarium sp.
Case 27 M 64 Right toenail (1) & Businessman Fusarium sp.
Left toenails (1,3)
Case 28 M 53 Right fingernail (1) Businessman Trichosporon sp.
Case 29 M 64 Left toenail (1) Farmer Paecilomyces sp.
Case 30 M 56 Right toenails (1,3,4) Labourer Aspergillus sp.
Case 31 F 37 Left fingernail (1) Housewife Aspergillus sp.
Case 32 M 56 Left toenail (1) Labourer Aspergillus sp.
Case 33 F 53 Right fingernail (1) & Housewife Aspergillus sp.
Left fingernail (1)
Case 34 M 50 Left fingernail (1) Employee Microsporum sp.
Case 35 F 71 Right toenail (1) & Employee Epidermophyton sp.
Left toenail (1)

Case 36 M 52 Right fingernail (4) Employee Trichosporon sp.
Case 37 F 64 Right toenail (1) & Housewife Trichosporon sp.
Left toenail (1,2)

Case 38 M 46 Right toenail (1) & Labourer Paecilomyces sp.
Left toenail (1)

Case 39 M 56 Right fingernail (3) Businessman Aspergillus sp.

Case 40 M 39 Right toenail (1) & Businessman Rhizopus sp.
Left toenail (1)

Case 41 M 56 Right fingernail (1) & Farmer Candida sp.
Left fingernail (1)

Case 42 F 36 Left toenail (1) Housewife Candida sp.

Case 43 M 62 Right toenails (1,2) Farmer Candida sp.

Case 44 M 38 Right toenail (1) Employee Penicillium sp.

Case 45 M 42 Right toenail (5) Labourer Penicillium sp.
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Total cases-45 M 31-45y=13
(males)=3 | cases
5 46-60y=15 34
F cases
(females)= | 61-90y=17
10 cases

Infected toenails-56

Infected fingernails-

Total nails infected-90

Employees-16 Dermatophytes= 05

F -11
armers Non-dermatophytes

Housewives-8 | (yeast-like fungi) = 12
Businessmen-5
Non-dermatophytes

Labourers -5 (filamentous fungi)= 28

Table 2: Significant Details of Diabetic Cases Suffering with Onychomycosis

4. Conclusion

Among the 370 cases of detected diabetic patients from district
Doda, 45 cases were found to be positive for onychomycosis
also, thus showing a prevalence percentage of 12.16%. Of these,
35 onychomycotic males and 10 onychomycotic females were
suffering with diabetes, thereby showing that diabetic males were
more prone to onychomycosis (9.46%) than diabetic females
(2.70%) with a prevalence ratio of 3.5:1. This may be due to the
defective carbohydrate metabolism, testosterone hormone, more
social activities of males, and more chances of trauma and low
immunity, which are predisposing factors for onychomycosis.
Both the toe and finger nails of the diabetic patients were observed
to have fungal infection. A total of 90 onychomycotic nail samples
of 45 diabetic patients were collected from this district. During the
present investigation, big toenails of the diabetics were found to be
more affected by fungal infection than other toenails. This may be
due to occlusive footwear pressure, more surface area, defective
blood circulation, peripheral vascular disease and neuropathy. In
addition, the diabetic patients frequently use public facilities like
bathing ghats, community halls and also visit places of worship bare
footed, which increases the risk of nail injuries, trauma and thus
onychomycosis. Such injuries usually go unnoticed in diabetics
due to sensory neuropathy and may act as important sites for entry
of fungal pathogens that cause onychomycosis. Among the 45
onychomycotic patients having diabetes, 16 were employees, 11
were farmers, 8 were housewives and 5 each were businessmen and
labourers. This study suggests that diabetic employees are at higher
risk of onychomycosis (35.6%) due to their continuous sitting for
long hours, no exercises and wearing shoes for the whole day,
which increases the disorders in their soles, toes, nails and provide
conditions that induce pressure necrosis of skin, thus increasing
the chances of fungal infection and thus they have to change their
habits for the prevention of onychomycosis. In our study, diabetic
farmers and housewives formed the next onychomycotic risk
group with 24.4% and 17.8% prevalence respectively, whereas
diabetic businessmen and labourers were detected with minimum
onychomycosis, each showing least prevalence of 11.1%. This
study also suggests that diabetic patients are always at higher risk
for the invasion by onychomycotic fungi, so they should regularly
visit the doctor to control their diabetes and they should regularly
have their foot check-ups, which help them to lower down the
risk of developing complications from onychomycosis viz.,

secondary infections, gangrene and even amputation of the lower
extremities, if their body is invaded by any onychomycotic fungi.
The clinicians should be extra observant in their diagnosis and its
treatment because patients cannot be relied solely on discomfort or
pain because of decreased sensation and neuropathy.
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