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Mycoses in diabetes — difficult diagnostic
and therapeutic problem. Review of literature

Abstract
Prevalence of superficial and systemic mycoses has
increased in recent years. The most common etiological
factors responsible for those infections are fungi of the
genus Candida, mainly Candida albicans; however
approximately 35–65% of candidemia cases are caused by
other species of this particular genus, described in literature
as Candida non-albicans pathogens.
Fungal infections have deleterious impact on metabolic
control of diabetes; their course is usually more severe than

in people without diabetes, long-lasting and characterized
by frequent relapses and standard anti-fungal treatment
resistance.
The aim of this review was to summarize the current
knowledge on diagnostic and therapeutic problems of
fungal infections in people with diabetes mellitus.
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Introduction
Incidence of mycoses, both superficial and systemic,

has increased during recent years. This is due to the
prevalance of fungi in human’s environment as well as
to the ability of those organisms to develop on the surfa-
ce of skin and mucous membranes, in saliva, vagina,
faeces, urine and internal organs. The most common
etiological factors responsible for mycoses are fungi of
genus Candida, mainly C. albicans, however other spe-
cies of this genus are more and more often identified,
causing numerous diagnostic and therapeutic problems.
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Mycoses caused by moulds and dermatophytes, kera-
tin decomposing fungi, affecting skin with its appenda-
ges, are also diagnosed more frequently.

It has been established that the risk of mycoses is
determined both by pathogenic properties of fungal stra-
ins and host characteristics, i.e.: age, dietary habits, so-
cial conditions, invasive diagnostic and therapeutic pro-
cedures (e.g. dialysis, hyperalimentation), use of broad-
spectrum antibacterial antibiotics, inherited and acquired
immunological deficiencies (e.g. AIDS, tumors, diabetes
and other endocrinopathies). It should be remembered
that fungal infections are often identified during autopsy
because their significance is underestimated and proper
diagnostic procedures are not conducted.

Fungi — considered by many authors as physiologi-
cal components of different ontocenoses of human or-
ganism — reveal immunosuppressive and allergic
features and may be the cause of patient’s deterioration
without producing symptoms of systemic mycosis (si-
lent mycosis), however in some cases they can lead to
death due to disseminated infection. Therefore, it should
be pointed out that carriage of those pathogens can be
an important risk factor for development of symptomatic
mycoses [1, 2].

There is a widespread clinical belief, supported by
many observations, that community-acquired bacterial,
viral and fungal infections occur more frequently in dia-
betics than in general population. It has been demon-
strated that some infections appear to have a specific
predilection for patients with diabetes and can be of
more severe course with higher risk of serious compli-
cations and standard treatment resistance. Diabetes
may predispose to certain types of infections including
pneumonias, acute bacterial cystitis, emphysematous
pyelonephritis, perinephric abscesses, fungal cystitis,
necrotizing fasciitis, invasive external otitis, rhinocere-
bral mucormycosis and emphysematous cholecystitis
[3–6]. It should be also stressed that diabetics are more
susceptible to hospital-acquired infections, particularly
in post-operative cardiac and critically ill surgical pa-
tients [7].

Mechanism(s) responsible for close association be-
tween diabetes and increased susceptibility to infections
has not been yet  well explained. There is also lack of
large epidemiological studies concerning this issue. It
has been suggested that hyperglycemia can impair
a wide range of functions in neutrophiles, monocytes
and macrophages, including adherence, chemotaxis and
phagocytosis with intracellular killing of microorganisms,
immunological response of T cells and skin reaction to
antigens. Local factors related to decreased blood flow
and nerves damage may also be of great importance in
people with diabetes [3, 8–11]. Hostetter [12] underlined
the significant influence of hyperglycemia on the third

component of complement (C3). It is suggested that gly-
cation of C3 inhibits its attachment to the surface of bac-
teria and thereby impairs opsonization, which plays the
crucial role in phagocytosis. Candida albicans has the
ability to express proteins on its surface that are structu-
rally and functionally homologous to complement recep-
tors on mammalian phagocytes. Chronic hyperglycemia
induces their expression that in turn leads to the attach-
ment of C3 to them and results in a lack of fungus reco-
gnition as a pathogen. This particular kind of molecular
mimicry contributes to easier colonization and infection.

Clinical observations indicate that fungal infections in
diabetics can dramatically worsen glycaemic control
and increase insulin requirement; in some cases leading
to acidosis and other severe complications of diabetes,
including death [2].

The aim of this review was to summarize available
data related to clinical picture of mycoses in diabetics,
regarding to sites of their occurrence, stressing diagno-
stic and therapeutic problems.

Oral cavity
Despite the fact that patients with diabetes have

higher rates of fungal colonization of oral cavity, data
from literature suggest that colonization is not always
associated with symptomatic infection. It has been
shown that increased adherence of fungi to epithelial
cells and impaired processes of binding, phagocytosis
and intracellular killing of those pathogens by neutro-
philes, favour colonization of the oral cavity [13, 14].
Among clinically significant fungal infections of the oral
cavity, the most typical of diabetes are: recurrent angular
cheilitis and blastomycetic stomatitis, denture stomati-
tis, median rhomboid glossitis (central papillary atrophy),
atrophic glossitis and pseudomembranous candidia-
sis [1, 2, 15].

It should be remembered that the presence of fungi
in the oral cavity of diabetics can be asymptomatic. Bar-
tholomew et al. [16] detected among 60 patients witho-
ut clinical features of mycosis the presence of fungi in
the oral cavity in almost 75% of subjects. Fisher et al.
[17] revealed the carriage of species of genus Candida
in 51% of 412 patients; 6% of patients had more than
one species of this genus. Goncalves et al. [18] exami-
ning 175 diabetics treated with insulin found fungal co-
lonization of the oral cavity in 53% of them.

It has been proven that the most common fungal
pathogen isolated from the oral cavity in patients with
diabetes, as well as in general population, is Candida
albicans [17, 19]. However, it is worth mentioning that in
recent years non-albicans species have been identified
more often. This situation has important clinical implica-
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tions due to common antifungal drugs resistance among
these strains.

Very good differentiation of species inhabiting the
ontocenosis of the oral cavity was documented by Gon-
calves et al. [18]: C. albicans was found in 56% of all
isolates, non-albicans species (C. parapsilosis, C. tropi-
calis, C. glabrata, C. krusei, C. rugosa, C. guilliermondii)
were identified in 39.8% of cases, whereas other (4,3%
of all cases) included genera: Pichia, Trichosporon and
Geotrichum. Dorko et al. [20] isolated from diabetics
with fungal denture stomatitis: C. albicans, C. tropicalis,
C. parapsilosis and C. guilliermondii.

In our own studies fungi were found in oral cavity in
58.1% of patients with diabetes and chronic renal failure.
In accordance with above mentioned observations the
presence of fungi was not associated with any clinical
symptoms of infections. C. albicans strains were isolated
most often (66.7% of all isolates). Non-albicans species
were found in the following order: C. guilliermondii,
C. parapsilosis, C. rugosa and C. lambica. Geotrichum
penicillatum was identified only in one patient [21].

It is worth mentioning that Sahin et al. [22] and Man-
fredi et al. [23] isolated Candida dubliniensis, species
was mistaken with C. albicans till 1995. It is of great
clinical value due to fluconazole resistance presented
by majority of C. dubliniensis strains. C. dubliniensis is
isolated mostly from ontocenosis of the oral cavity and
stool samples in HIV-positive patients and those with
AIDS. It is assumed that its presence is influenced by
impairment of cellular immunity that is also observed in
diabetes [24]. Interestingly enough, type 2 diabetes
(T2DM) occurs frequently in HIV-infected people. This
coexistence can be explained partially by the HIV virus
deleterious influence and side effects of anty-HIV drugs.

During recent years C. glabrata has been identified in
the oral cavity of diabetics more often than previously.
Compared to C. albicans, C. glabrata is characterized by
lower ability of adherence to oral cavity keratinocytes but
significantly higher to the denture surface. Among the
most important factors responsible for the virulence of
this specific pathogen there are: lower susceptibility to
fungicidal properties of beta-defensins (natural epithelial
peptides with antibacterial and antifungal activity), diffe-
rent degree of resistance to antifungal activity of salivary
histatins and mucins and both innate and acquired resi-
stance of this species to azole drugs [25, 26].

Cisło et al. [1] found the presence of fungi in the oral
cavity in 92.2% of children with type 1 diabetes (T1DM)
and showed that species composition of this ontoceno-
sis is more differentiated than in healthy children. Coexi-
stence of yeast-like fungi and moulds (from genera
Aspergillus and Penicillium) was also more often found
in diabetics. In oral cavity washings obtained from chil-
dren with diabetes the density of fungal population was

significantly higher. The degree of inhabiting of this on-
tocenosis and the growth intensity of yeast-like fungi
were dependent on glycaemic control, whereas it was
not related to the duration of diabetes. Factors influen-
cing quicker and more intensive growth of fungi in the
oral cavity of diabetics include: vascular-dependent di-
sturbances of mucous membrane’s alimentation, decre-
ased secretion of saliva, lower pH and high glucose
concentration in saliva.

Data concerning association between the presence
of fungi in the oral cavity and blood glucose concentra-
tion are inconsistent [17,19]. Several authors did not
find any correlation between prevalence, species diffe-
rentiation and growth density of Candida spp. in the oral
cavity of diabetics with glycaemic control and the mode
of anti-diabetic treatment [29–32]. On the other hand,
Hill et al. [27] revealed significantly higher prevalence of
fungi in this ontocenosis in patients with elevated con-
centration of glycosylated hemoglobin (HbA1c) ≥ 12%. It
was not supported by Bartholomew et al. [16] who did
not find any relation between these two variables.

Of note, Kadir et al. [28] examining 55 patients with
diabetes previously treated with oral hypoglycemic
agents observed higher colonization by Candida spp.
after implementation of insulin-therapy.

Many studies revealed higher fungal colonization,
especially by yeast-like fungi, in patients with diabetes
wearing dentures [17, 19, 22, 23, 28]. It has been esta-
blished that under a plate of a denture covering the
mucous membrane of prosthetic base several unwant-
ed effects occur including: difficulties in backflow of saliva,
lack of self-cleaning, restricted oxygen access, increased
temperature, retention of alimentary debris and distur-
bances of biocenotic balance. Prosthesis, used for many
years, is often characterized by impaired stabilization
and therefore leads to disruption of tissue integrity and
damage of epithelium under its plate that allows infiltra-
tion of fungal cells deep into tissues.

Belazi et al. [29] noticed that it is impossible to make
direct association between increased prevalence of fun-
gi in the oral cavity and using dentures in diabetics. Our
own studies revealed similar frequency of fungi both in
patients with diabetes and chronic renal failure wearing
dentures (58.3%) and in diabetics who did not use them
(57.9%) [21]. It is worth mentioning that even in healthy
persons wearing dentures fungi are detected more
often. In addition, the rate of fungal infections in differ-
ent groups of patients with prosthetic inflammation of
the oral cavity (stomatitis prothetica mycotica) is evalu-
ated by different investigators at the level of 65% up to
100%. Based on these data, wearing dentures seems to
be the independent risk factor for higher prevalence of
fungi in the oral cavity than diabetes per se. Some stu-
dies revealed association between using dentures and
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increased density of fungal population and greater dif-
ferentiation of identified species of genus Candida in the
ontocenoses of diabetics’ oral cavities [18, 19, 23, 28].

Among other risk factors increasing the incidence of
fungi in the oral cavity in patients with diabetes: smo-
king, older age, use of antibiotics, intensive teeth bru-
shing, lower pH and increased blood glucose concen-
tration are considered [19, 22, 28]. Bartholomew et al.
[16] did not notice an influence of previous antibiotic-
therapy and higher glucose levels on the prevalence of
fungi. However, other investigation revealed positive cor-
relation between antibacterial treatment and carriage of
C. glabrata and high leucocytosis and carriage of
C. albicans [28].

Manfredi et al. [33, 34] evaluated genetic relation of
Candida spp. strains isolated from the oral cavity of pa-
tients with diabetes from different countries. Strains ob-
tained from patients from Great Britain showed greater
differentiation which was probably related to the mode
of antifungal treatment. Those strains were more often
resistant to fluconazole, miconazole and ketoconazole
in comparison to strains collected from Italian patients.
These findings indicate the necessity of drug sensitivity
evaluation which can be dependent on geographic re-
gion where mycosis was diagnosed.

In diabetics impairment of immunological system and
frequent fungal colonization of the oral cavity may cau-
se chronic hyperplastic candidosis, known as candidal
leukoplakia. This particular kind of oral cavity candido-
sis undiagnosed and untreated, especially in patients
with immune system disturbances, leads to dysplasia
and in some cases to cancer [35].

Lower part of gastrointestinal tract
It has been demonstrated that factors predisposing

to fungal colonization of gastrointestinal (GI) tract inclu-
de: older age, malnutrition, diabetes, steroid therapy,
immunosuppressive treatment, injuries, burns, surgi-
cal procedures, parenteral hyperalimentation, vascular
and urinary catheters, treatment with H2 receptor anta-
gonists and proton pomp inhibitors, use of broad-spec-
trum antibiotics. In general population people with
three or more risk factors are at the highest risk of
developing mycosis [36, 37]. In diabetics additional
factors may play an important role; among them:
young age, smoking, shorter duration of diabetes, ho-
spitalization within last year [22].

Of note, there are cases of intensive colonization
of GI tract in healthy persons, which do not lead to
systemic dissemination. In studies conducted on he-
althy mice de Repentigny et al. [38] showed that
chronic colonization was accompanied by partial da-

mage of mucous membrane of a large intestine by
surrounding mycelium cells. It is extremely important
considering the fact that the mucous membrane of
GI tract is the commonest way of invasion and he-
matogenous spread of fungi in the organism — dis-
semination is therefore most often endogenous. In
patients suffering from systemic mycoses Greenfield
et al. [39] revealed initially submucosal invasion by
blastoconidia and pseudohyphae, whereas Cole et
al. [40] and Sanchez et al. [41] proved that damage
of the mucous membrane of GI tract in neutropenic
patients may lead to candidal microabscesses within
the mucous membrane and blood-related dissemi-
nation.

In the available literature there are only few reports
on fungal colonization of GI tract and clinically evident
fungal infections in patients with diabetes. Cisło et al.
[2] showed that the mucous membrane of a large inte-
stine in children with T1DM was more often colonized
by moulds and yeast-like fungi with greater differentia-
tion of fungal species in this ontocenosis than in heal-
thy children. Pathological fungal cell count (> 105 colo-
nies in 1 g of stool) was detected in 64.7% of affected
children. This is a higher prevalence than noticed pre-
viously in quantitative stool cultures obtained from
adults with non-specific symptoms from GI tract
(42.3%), as well as from children with similar compla-
ints (48.1%) [42, 43]. Colonization and intensity of
yeast-like fungi growth were related to the levels of
serum HbA1c but had no association with the duration of
diabetes [2].

Our own studies conducted on patients with diabe-
tes and chronic renal failure revealed mainly Candida
albicans strains in stool. Less frequently, C. glabrata,
C. guilliermondii, C. humicola, C. kefyr, C. parapsilosis,
C. rugosa were found. None of the patients showed
clinical symptoms of mycosis [21].

Skin and its appendages
It has been established that ratio of epidermis/serum

glucose concentration is higher in patients with diabe-
tes than in healthy individuals, and it is suggested that it
may favour fungal growth. On the other hand, Skorepo-
va [44] underlined that the frequency of skin mycoses
in diabetics is not significantly higher than in general
population. It was nicely demonstrated by Garcia-Hum-
bria et al. [45] who revealed superficial mycoses in 75%
of examined patients with diabetes and in 65% of heal-
thy individuals adjusted for gender and age, stressing
no significant difference in the prevalence of infections
between both groups. Clinical experience indicates that
only certain types of skin mycoses, including: tinea pe-
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dis, onychomycosis and fungal balanitis caused by Can-
dida spp. occur more frequently in diabetics than in
general population. For example, onychomycosis was
found nearly 2,5 to 6-fold more often in diabetics than in
people without diabetes [46, 47].

It has also been reported that diabetes and onycho-
mycosis increased the risk of gangrene and foot ulcera-
tion to greater extent than diabetes without coexisting
fungal nail infection [46]. Onychomycosis in patients
with diabetes was also associated with the increased
risk of other foot diseases (secondary bacterial infec-
tions or cellulites due to the infection of surrounding
skin) even leading to amputation [48].

Dermatophytes, such as Trichophyton rubrum and
Trichophyton mentagrophytes, are the most common
pathogens responsible for more than 90% of infec-
tions. Despite the fact that mould infections are quite
rare in general population, some studies revealed
their prevalence in almost 20% of diabetics with ony-
chomycoses with predominance of Scopulariopsis
brevicaulis, Fusarium spp., Acremonium spp. and
Aspergillus spp. It is believed that fungi from genus
Candida can cause nail infections in almost 2.7% of
diabetics [49, 50].

Saunte et al. [51] revealed in 22% of 271 diabetics
with onychomycosis the presence of dermatophytes
and yeast-like fungi (93% and 7%, respectively). Howe-
ver, Dogra et al. [47] found in fungal nail lesions: yeast-
like fungi (48.1% of all cases), dermatophytes (37%)
and non-dermatophytic moulds (14.8%). The presence
of mycosis was related to age, severity of nail damage,
male gender, duration of diabetes, impairment of peri-
pheral circulation and neuropathy.

It is interesting enough that Bouguerra et al. [52]
confirmed infection in diabetics with clinical symptoms
of skin mycoses by mycological culture of biological
material in only 30% of subjects. He found that almost
94% of mycoses were caused by T. rubrum.

Mayser et al. [53] mycologically confirmed tinea pe-
dis in almost 70% of 95 patients with long-term (mean
35.8 years) T1DM with predominance of T. rubrum stra-
ins (69.2% of all isolates). This species was also most
frequently found (78% of diabetics vs. 50% of controls)
by Garcia-Humbria et al. [45]. However, in Romano’s et
al. [54] investigations T. mentagrophytes was predomi-
nantly isolated from tinea pedis and distal subungual
onychomycosis.

Mlinaric-Missoni et al. [55] detected fungi in interdigi-
tal spaces in 24% of 509 ambulatory treated diabetics
and showed a great species differentiation. Fungi of
genera: Candida, Rhodotorula, Cryptococcus, Tricho-
sporon, Saccharomyces, Blastoschizomyces, Geotri-
chum, Debaryomyces, Ustilago, Trichophyton and Epi-
dermophyton were identified with predominance of

C. parapsilosis (in 11.6% of patients) and T. mentagro-
phytes (in 3.1%). Coexistence of yeast-like fungi and
dermatophytes was rare and concerned only 0.6% of
diabetics. Although no relationship was found between
the fungal colonization and gender, age and the dura-
tion of diabetes; fungi were significantly more often iso-
lated from patients with T2DM (30.1%) than from T1DM
(19.8%). Poblete-Gutierrez et al. [56] described, for the
first time, onychomycosis in patient with T1DM caused
by T. gallinae, which only sporadically infects people.

Diabetic foot
Fungal infections may complicate the course of dia-

betic foot and in such cases species of Candida genus
are mostly isolated. Species of genera: Cryptococcus,
Trichosporon and Rhodotorula were detected less
frequently [55, 57]. It should be noticed that Dorko et al.
[20] discovered in ulcerations C. krusei and C. robusta
[20]. It has been established that higher risk of fungal
infections of diabetic foot was in insulin-treated diabe-
tics with long-term ulceration. Fungal infections in pa-
tients treated with oral hypoglycemic agents were not
related to the duration of foot ulceration [57].

Urogenital system
There are several studies indicating more frequent

occurrence of vulvovaginal mycosis in women suffering
from diabetes in comparison to healthy individuals [58–
–60]. It was suggested that chronic, recurrent fungal
infection may even be the marker of diabetes [61, 62].
However, most studies did not examine the association
between asymptomatic carriage of Candida genus fun-
gi or clinically evident vulvovaginal mycoses and glyca-
emic control or type of diabetes [58, 63, 64]. Drews et
al. [65] showed that diabetes and increased body mass
index (BMI) were among important risk factors responsi-
ble for the development of vaginal mycosis in pregnant
women and patients with malignancies of uterus.

De Leon et al. [58] noticed almost three times higher
ratio of colonization by Candida species in women with
T1DM in comparison to women with T2DM. Fungal co-
lonization was associated with increased HbA1c concen-
tration, use of antibiotics, coexisting Chlamydia spp. in-
fection and performing oral sex in the last two weeks
before examination. It is interestingly enough that
C. non-albicans species (with predominance of C. gla-
brata) were more prevalent in women with T2DM, whe-
reas C. albicans was found mainly in patients with T1DM.
Goswami et al. [66] suggested significant correlation
between hyperglycemia and vulvovaginal candidosis
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and the role of pathogens other than C. albicans. He
stressed that C. tropicalis was detected only in women
with diabetes. Ray et al. [25] examining 111 diabetic
women with vulvovaginal candidosis found C. glabrata
in majority of them, while C. albicans and C. tropicalis
were isolated less frequently. It should be underlined
that the prevalence of C. glabrata infections often resi-
stant to conventional antibiotics has increased during
recent years also in general population [67–69]. Fortu-
nately, the resistance of a fungal strain to one antibiotic
does not indicate the lack of sensitivity to other antifun-
gal agents [70–72]. Preliminary observations suggest
the effectiveness of flucitosine and boric acid vaginal
suppositories against C. glabrata related vulvovaginal
candidosis [25, 73–76].

Giannopoulos et al. [77] analyzing six described in
the literature cases of fungal epididymitis in diabetics
noticed that two of them were caused by C. glabrata.

Glycosuria is recognized as a risk factor of fungal
urinary tract infections (UTIs) with C. albicans, C. parap-
silosis, C. tropicalis and C. krusei being the commonest
etiological pathogens [20]. Carvalho et al. [78] analy-
zing fungal UTIs in children and adults found diabetes
in 9.5% and 28% of cases, respectively. However, there
are no significant evidences that diabetes is the inde-
pendent risk factor for fungal UTIs. The presence of
fungi in urinary tract can be asymptomatic colonization
or clinically evident infection.

In people without diabetes obtaining 105 colonies in
1 ml of urine is considered to be a cut-point for diagno-
sis UTI. However, it should be stressed that symptoma-
tic infections in diabetics are associated with much lo-
wer value [3, 79]. There are still many controversies
concerning the presence of Candida spp. in the urinary
tract. In many cases it is unclear whether fungi coloni-
zing urinary bladder or if their presence, especially in
kidneys, is always related to infection. It is also questio-
nable if finding fungi in urine is the result of hematogeno-
us dissemination or is the evident of ascending infection.
According to these, very important clinical issue should
be considered — whether all patients with asymptomatic
candiduria without pyuria should be treated?

In 1997, during International Conference for the Deve-
lopment of a Consensus on the Management and Pre-
vention of Severe Candidal Infections, it was established
that treatment of fungal UTI should be introduced only in
patients with diabetes, patients with functional impairment
of urogenital tract and renal transplant recipients. In other
cases, urine culture must be repeated after Foley’s cathe-
ter removal and the end of antibacterial antibiotic-thera-
py, the main risk factors of candiduria [80]. Although
Joshi et al. [3] suggested implementation of antibiotic-
therapy in diabetics only when clinically evident infection
is diagnosed basing on the presence of pyuria. It is diffi-

cult to accept this opinion taking into account the histo-
pathological examinations of kidneys in patients with per-
sistent candiduria. They revealed the presence of micro-
abscesses in renal glomerules or within interstitial layer,
renal papillary necrosis, infiltrations of renal tubules and
blood vessels. Those changes, despite diabetic nephro-
pathy itself, can be additional factors associated with de-
velopment of renal failure [81, 82].

In men with diabetes the possibility of fungus balls
formation — clusters of pseudohyphae localized in re-
nal pelvis or ureters — should be taken into considera-
tion as a kind of ascending infection. This complication
may often require surgical management. Fungus balls
formation in patients with diabetes may be associated
with Candida spp. and Aspergillus spp. infection [83].

Specific fungal infections
It was well documented that zygomycosis is strongly

associated with diabetes. Mycosis is caused by species
of genera: Mucor, Rhizopus and Absidia. In humans
four main kinds of this disease are observed: rhino-
cerebral — most often diagnosed in diabetic ketoacido-
sis; gastro-intestinal — related to malnutrition; pulmona-
ry and disseminated — accompanying leukemia and
lymphomas but also found in diabetics [84].

Fungi initially colonizing the mucous membrane of nose
and paranasal sinuses continuously reach orbit’s tissue,
invading the central nervous system (CNS) through blood
vessels causing granulomatous meningitis. Infection with
CNS involvement is characterized by very rapid, someti-
mes fulminant course frequently resulting in death. Some
experimental studies indicate that development of fungal
CNS infections can be related to cellular immunity disor-
ders, which are also observed in diabetes [85–87].

Roden et al. [88] reviewing 929 reports of zygomycosis
in the English-language literature since 1885, found coexi-
sting diabetes in 36% of patients. Zygomycosis caused
death in 44% of them. However, Chakrabarti et al. [89]
analyzing 178 cases of zygomycosis in hospitalized pa-
tients in north India found coexisting, uncontrolled diabe-
tes in 73.6% of patients. Moreover, Schwartz et al. [90]
noticed that cerebro-rhino-orbital phycomycosis (CROP),
caused mainly by Rhizopus spp., occurs predominantly in
individuals with diabetic ketoacidosis. CROP leads to prop-
tosis, loss of vision, ophthalmoplegia and death resulting
from cerebral involvement. Higher prevalence of rhino-ce-
rebral mucormycosis in patients with uncontrolled diabe-
tes was reported by many other authors [91–96].

Considering above cited data it should be underli-
ned that in diabetics physicians should always pay spe-
cial attention to infections within facial skeleton, espe-
cially non-responding to antibiotic-therapy.
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Tsaousis et al. [97] reported for the first time a case
of patient with diabetes and simultaneous liver and bra-
in mucormycosis. Patients with diabetes and coexisting
symptoms of pneumonia, especially with sudden and
severe course, non-responding to antibiotic-therapy,
should always be checked for the presence of pulmo-
nary mucormycosis [98–100].

Of note, Kontoyiannis [101] noticed that despite the
increase in the incidence of diabetes in developed co-
untries, the prevalence of zygomycosis in diabetics has
decreased since 1990. Further investigations in order to
explain this phenomenon are necessary. The author
proposed the hypothesis that widespread use of statins
in diabetics underlines such a trend because of direct
inhibitory activity of those drugs, revealed both in vitro
and in vivo, against fungi causing zymomycoses.

Patients with diabetes are more susceptible to myco-
ses caused by Aspergillus spp., such as: sino-orbital,
pulmonary or cerebral aspergillosis [102–104].

Santelli et al. [105] examining 329 cases of coccidio-
idomycosis, found coexisting diabetes in 13.4% of pa-
tients. Mycosis, caused by Coccidioides immitis, pre-
sented non-characteristic symptoms, including: lung in-
fections, skin and bones changes, meningitis. It was
noticed that diabetics were significantly more likely to
have cavitary lung diseases and relapsed infections than
non-diabetics. Moreover, patients with glucose concen-
tration ≥ 220 mg/dL were predisposed do develop dis-
seminated infection, required intensive treatment and
were less susceptible to complete recovery.

Fungemia
Diabetes may predispose to fungemia with its late com-

plications. This association was supported by many stu-
dies indicating that mortality rate of fungal sepsis was up
to 39% [106–109]. Additionally, Bader et al. [110] noticed
that mean blood glucose concentration ≥ 13.9 mmol/L
(7 days after the outset of the disease) was a significant
marker of increased in-hospital mortality in patients with
diabetes and candidemia.

In diabetics fungemia can even be developed due to
administration of probiotic agents containing fungi con-
sidered to be non-pathogenic. Lestin et al. [111] repor-
ted the case of a patient with micro- and macroangiopa-
thic complications, including peripheral artery disease
with necrosis in several digits of both feet. Complica-
tions occur after using agents with Saccharomyces ce-
revisiae (synonym: S. boulardii) because of chronic post-
antibiotic diarrhoea. Therefore, therapeutic usage of pro-
biotics should be carefully considered regarding their
risk-benefit potential especially in patients with immuni-
ty disorders.

It has been established that species of Candida genus
are responsible for almost 10% of hematogenous noso-
comial infections in the US being the fourth leading cau-
se of them (after coagulase-negative staphylococci, Sta-
phylococcus aureus and Enterococcus sp.) According to
many authors, mortality due to invasive fungal infections
has increased more than twice reaching even 49% du-
ring last two decades. It should be stressed that Candida
non-albicans species, such as: C. glabrata, C. parapsilo-
sis, C. tropicalis and C. krusei can be responsible for 35%
up to even 65% of all candidemia cases [108, 112–120].

Considering above mentioned data further investiga-
tions on the prevalence of foci of candidosis in patients
with diabetes, as a group more frequently hospitalized
because of different complications, are of great impor-
tance. In Poland we still have little data concerning the
frequency of infections, mostly candidemia cases, cau-
sed by non-albicans species.

Frequent isolation of C. parapsilosis from diabetics is
noticeable. This species was found in oral cavity, urina-
ry tract, interdigital spaces of feet, crural ulcerations,
eyes and ears of patients with diabetes [20, 55, 57]. It is
extremely important considering study conducted by
Nucci et al. [121] who reported increased prevalence of
C. parapsilosis candidemia cases in some countries of
Latin America. C. parapsilosis infections are often rela-
ted to the maintenance of intravenous catheters, artifi-
cial prostheses, invasive medical procedures, intrave-
nous hyperalimentation. It should be mentioned that in-
fection can be developed in articulations and heart mu-
scle [113, 122]. In our own study C. parapsilosis com-
prised 5.26% of all isolated Candida strains obtained
from diabetics with chronic renal failure.

Treatment modalities
It should be stressed that during treatment of fungal

infections in patients with diabetes the possibility of inter-
action between antifungal drugs and insulin or oral hy-
poglycemic agents may occur. Hryncewicz-Gwóźdź et
al. [123] analyzed the pathway of anti diabetics and anti-
fungal agents metabolism. Azole drugs such as: itraco-
nazole, fluconazole, ketoconazole and terbinafine, be-
long nowadays to the most common anti-fungals used in
treatment of superficial mycoses. Both azoles and most
anti diabetics are metabolized by cytochrome P-450, but
by various enzymes in case of itraconazole and ketoco-
nazole (anti-diabetics — CYP 2C9, itraconazole — CYP
3A4, ketoconazole — CYP 3A4, fluconazole — CYP 2C9
and CYP 3A4). Terbinafine is not metabolized by cyto-
chrome P-450. Clinical observations indicate that itraco-
nazole and terbinafine are safe and well tolerated by dia-
betics but further investigations are necessary.



Diabetologia Doświadczalna i Kliniczna 2008, Vol. 8, No. 1

www.ddk.viamedica.pl8

Conclusions
High prevalence of fungi in diabetics, possible seve-

re complications of mycoses and increasing number of
species resistant to standard antifungal agents, force
considering whether the mycological examination should
be introduced into the panel of methods evaluating cli-
nical condition of diabetics both in outpatient clinics
and hospital departments. It is worth mentioning that it
can be extremely helpful in controlling systemic infec-
tions. Higher accessibility of antifungal agents for disin-
fection purposes and faster introduction of new, effecti-
ve, easily absorbed in gastrointestinal tract antifungal
drugs maintaining fungicidal concentration in all body
fluids, also in urine, will also contribute to control myco-
ses in diabetics.

Necessity of permanent examination of patients with
diabetes in order to look for foci of fungal colonization
and clinically evident infections and after their discovery
— constant elimination of pathogens in each predilec-
tion site, mostly on the skin surface and mucous mem-
branes — should be carefully considered. Rieth [124] in
the eighties underlined the need of eradication of fungi
from oral cavity in diabetics each time of their occurren-
ce. He also stressed that intensive blastomycosis (main-
ly in cases seemingly resistant to treatment or in cases
of continuous relapses) requires extension of diagnostic
procedures from the point of view of diabetes or other
endocrinopathies.
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