
Abstract
Background: Menopause is a health and social problem
that affects a large number of  women. inadequate
quantity of  steroid hormones also impacts quality of
the mucous membrane of  the oral cavity. during
menopausal age, many women wear removable pros-
thetic restorations in order to replace missing teeth.
Such restorations may facilitate the development of
inflammations in the surface of  the oral cavity, re-
ferred to as denture stomatitis.
Objective: the aim of  the study was to evaluate the in-
fluence of  hormone supplementation therapy on the
incidence of  Candida-associated denture stomatitis
and on the metabolic activity of  polymorphonuclear
granulocytes in peripheral blood of  female patients.
Material and methods: the study was conducted on a
group of  women in menopausal age, users of  hor-
mone replacement therapy and of  removable pros-
thetic restorations. female patients were subjected to a
clinical study that included interviews and physical ex-
aminations. Laboratory microbiological examinations
were completed on the basis of  direct swabs collected
from the mucous membrane of  the oral cavity and
from the surface of  dentures. Metabolic activity of
polymorphonuclear granulocytes in peripheral blood
of  female patients was evaluated by means of  a chemi-
luminescence test.
Results: Candida-associated denture stomatitis ob-
served was characterized by a strong growth of  fungi
and a lower chemiluminescent activity of  neutrophils
in blood of  female patients undergoing hormone sup-
plementation therapy.
Conclusions: Patients using hormone supplementation
therapy and removable prosthetic restorations consti-
tute a high-risk group for Candida infections and in-
flammations of  the mucous membrane of  the oral
cavity; thus they should remain under constant dental
control. 
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introdUCtion

the menopause is a natural, genetically-programmed
physiological process that takes place when ovaries re-

tire, leading to a shortage of  estrogens. that, in turn,
becomes the cause of  many resulting symptoms that
destabilize the psychological and physical condition of
a woman and result in a series of  health issues: vascu-
lar and motor problems, disorders of  the urinary and
sexual systems, nutrition dysfunctions of  skin and
connective tissue, osteoporosis, as well as heart and
vascular diseases [1, 2]. Shortage of  steroid hormones
also influences the condition of  the mucous mem-
brane in the oral cavity. inflammations cause irrita-
tions of  the mucous membrane, the sensation of  dry-
ness and burning, taste disorders and proneness to in-
fections. Application of  hormone supplementation
therapy, in the form of  estrogens or joint estrogen-
progesterone therapy, limits the disadvantageous
symptoms of  the menopause [3].

receptors of  sex hormones are located in many tis-
sues, including cells involved in immunological reac-
tions. estrogens applied as part of  hormone supple-
mentation therapy act as negative regulators of  lym-
phopoiesis that limit the production of  precursors of
B-lymphocytes, stimulated by mitogens. A similar con-
dition can be observed during pregnancy [4]. Kamada
et al [5] have proven that hormone supplementation
therapy causes increased concentration of  M-CSf in
blood with no influence on the level of  tGf-β, tnf-
a, GM-CSf, and iL-18. estrogen receptors have been
recognized also on the surface of  neutrophils that
produce nitric oxide. it has been observed that follow-
ing a therapy with 17-β-estradiol an increase in nitric
oxide production by neutrophils takes place. Such a
situation may facilitate inflammatory processes in that
these cells actively participate [6, 7].

the term denture stomatitis describes inflammatory
changes of  the mucous membrane of  the oral cavity,
caused by wearing prosthetic restorations, especially
removable ones made of  an acrylic material [8, 9].
Available publications and our own research indicate
that denture stomatitis can be observed in 36 to 67%
of  cases, often associated with a fungal infection. in
most cases, the isolated fungi represent the Candida
species [8, 10, 11]. the resulting ailments may cause
the sensations of  burning and dryness, as well as pain
and taste disorders. 

development of  denture stomatitis may be pro-
moted by general and local factors. According to the
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literature, the most important local factors are: trau-
matic results of  using dentures, an infection with
yeast-like fungi, and the presence of  denture plaque [8,
12]. General ailments that hinder immunity of  the mu-
cous membrane to traumas and promote the develop-
ment of  yeast-like fungi include: hormonal disorders
(diabetes, menopause), cases of  cancer, vitamin defi-
ciency, and nourishment deficiencies [13-15]. it is be-
lieved that denture somatitis results from a combined
influence of  many factors [11, 14, 15].

the aim of  the study was to evaluate the in-
fluence of  hormone supplementation therapy on the
incidence of  denture stomatitis and to evaluate the
chemiluminescent activity of  polymorphonuclear
granulocytes in peripheral blood of  female patients
who undergo hormone supplementation therapy and
use removable prosthetic restorations.

MAteriAL And MethodS

the study was performed in accordance with the dec-
laration of  helsinki for human research and study
protocol was approved by the ethics Committee of
Warsaw Medical University in Warsaw, Poland.

the study was conducted on a group of  130
women in menopausal age, users of  removable pros-
thetic restorations. the group was composed of  65 fe-
male patients aged 44 to 59 (mean age: 51.9 years),
wearers of  removable prosthetic restorations who had
been undergoing hormone supplementation therapy
for at least 1 year (administered orally or through the
skin). Members of  the study group did not take other
medications and remained in good health, with no
overt causes of  hindered immunity. the control group
included 65 female patients, aged 47 to 57 (mean: 54
years). these women were generally healthy, wore
prosthetic restorations and did not undergo hormone
supplementation therapy.

Clinical study included interviews and physical ex-
aminations of  the mucous membrane in the oral cavi-
ty, as well as the evaluation of  dentures. Subjective
syndromes concerning the oral cavity were registered
(pain, dryness, burning of  the mucous membrane and
taste disorders). inflammation of  the mucous mem-
brane of  the prosthetic base was evaluated according
to newton’s classification [9]: from a limited local in-
flammation to general inflammation of  the whole mu-
cous membrane area that is covered by a denture.

Mycological examination was executed on the basis
of  direct swabs from the mucous membrane of  the
oral cavity. Swabs were collected with the help of  a
sterile cotton ball and sent to a laboratory for prepara-
tion of  a direct smear and for inoculation on a
Sabouraud agar. Positive result of  the serum filamen-
tation test identified the species Candida albicans. Bio-
chemical qualities of  particular strains were checked
by means of  the APi Candida test (BioMerieux,
france). in the latter part of  the study, mycological
study results were analyzed in a qualitative and quanti-
tative manner.

in order to rate polymorphonuclear granulocytes in
peripheral blood of  menopausal-aged women, venous
blood was collected from 31 patients in the study
group and 31 in the control group. next, neutrophils

were analyzed and the chemiluminescence test was ex-
ecuted on the collected samples. the incidence of
polymorphonuclear granulocytes was checked by con-
ducting the May-Grunwald-Giemsa staining proce-
dure. Chemiluminescent activity (CL) of  polymor-
phonuclear granulocytes was assessed by means of  the
modified easmon and Cole method in venous blood
suspension that was merged with PBS solution, with
the addition of  glucose and bovine albumin. to
strengthen the chemiluminescence effect, cellular sus-
pension was merged with luminol solution (Sigma, St.
Louis, Mo). next, resting chemiluminescence was
measured in the 3h channel for a couple of  minutes.
once resting chemiluminescence was established,
fMLP solution was added to blood suspension (Sig-
ma, St. Louis, Mo) in PBS and CL of  polymorphonu-
clear granulocytes was gauged. Chemiluminescence
measurements were displayed in the CPM form (light
impulses per minute). final results were presented as
the maximum value of  the chemiluminescence meas-
urement (CLmax) divided by the standard value of  1000
polymorphonuclear granulocytes.

results were processed with the help of  statistical
methods in order to facilitate conclusions regarding
qualitative and quantitative relations between particu-
lar parameters. Statistical analysis included mean val-
ues (for quantitative qualities), standard deviation,
standard error, and the percentage ratio. Chemilumi-
nescent activity was presented as the mean activity 
value – CLmax. 

reSULtS

As a result of  physical examinations conducted on
hormone supplementation therapy patients, in 29.2%
of  cases, subjective symptoms in the form of  dryness
(Chi-square = 4.5; P<0.05) and burning (24.6%) in the
oral cavity (Chi-square = 8.5; P<0.05) were observed.
Patients who did not receive hormone supplementa-
tion therapy often complained about pain (23%) (Chi-
square = 2.1; P>0.05) and taste disorders (13.9%)
within the oral cavity (Chi-square = 3.1; P>0.05), but
these differences were not statistically significant
(table 1). during clinical evaluation, condition of  the
mucous membrane on the prosthetic base was checked
according to the modified newton’s classification. in-
flammation was more often recognized in the group
of  hormone supplementation therapy users (Chi-
square = 17.7; P<0.05).

When results of  the mycological examination were
analyzed, a significantly larger mean number of  fungi
colonies was observed in case of  Candida albicans

Table 1. Subjective symptoms in the oral cavity (%).

Subjective symptoms

Pain dryness Burning taste disorders

Study group
(n=65) 10.8 29.2 24.6 6.2

Control group
(n=65) 23 13.8 6.2 13.9
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(t-test = 2.8; P<0.05) and Candida glabrata (t-test t =
2.1; P<0.05) in comparison with the control group
(table 2). this examination was based on swabs col-
lected from the mucous membrane surface of  the oral
cavity.

in the group of  women using hormone supplemen-
tation therapy, lower CL of  blood polymorphonuclear
granulocytes in comparison with the control group
was observed. the mean value of  CLmax of  polymor-
phonuclear granulocytes in the study group was 26487.5
±2991.8 (Se). in the control group, not subjected to
hormone supplementation, the mean CLmax was
33314.5 ±3683.7 (table 3). When marking the chemi-
luminescent activity of  blood polymorphonuclear
granulocytes, their number in the study group re-
mained between 54.4 and 63.7% of  blood corpuscles,
while in the control group it remained between 49.5
and 64.1% of  blood corpuscles (table 3).

Comparing the results for particular female patients
directly, a relation was noted between the increase in
intensity of  fungi colony growth indicated during the
mycological examination and the CL activity level of
blood granulocytes in laboratory examination.

diSCUSSion

Clinical observations suggest that many women in
menopausal age use prosthetic restorations. Lower
steroid hormone concentration influences the condi-
tion of  the mucous membrane of  the oral cavity, often
leading to irritations of  the mucous membrane, the
sensation of  dryness, burning, taste disorders and
proneness to infections [2]. results of  research com-
pleted in preparation of  this paper suggest that female
patients who did not undergo hormone supplementa-
tion therapy often complained about pains and taste
disorders, while women subjected to hormone supple-
mentation therapy more often reported subjective ail-
ments such as dryness and burning, which could be at-

tributed to a more intensive growth of  yeast-like fungi
within the oral cavities of  these patients.

the presence of  dentures in the oral cavity, espe-
cially when the denture base is supported on a vast
surface, creates unique non-physiological conditions.
Self-cleaning by saliva is hindered by the denture base,
while increased temperature and humidity facilitate
bacteria and fungi growth [8, 12]. the danger of  a
fungal infection depends on risk factors observed in a
given patient. Apart from local factors in the oral cavi-
ty related to the usage of  dentures, condition of  the
host’s immunological system plays a significant role. in
mycological studies for this paper in a group of  pa-
tients undergoing hormone supplementation therapy,
a significantly higher concentration of  fungi growth
was identified. Metabolic products excreted by the in-
tensively growing fungal cells and elements of  fungal
cellular walls effecting the environment [8, 16] could
intensify the manifestation of  clinical symptoms in the
form of  the inflammation of  the mucous membrane
of  the oral cavity, as well as subjective syndromes –
burning, and dryness – in the group of  patients under-
going hormone supplementation therapy.

fungi growth and infection development begins
with selective adhesion to the mucous membrane of
the host. Among all fungi of  the Candida type, the
greatest degree of  adhesion to epithelium cells is dis-
played by Candida albicans species. Mannoproteins,
chitin, proteins and lipids that enter into reactions
with receptors in the mucous membrane act as ad-
hesins [17]. A major role in anti-fungal defense is
played by the reticuloendothelial system.  

hindrance of  the oxygen-based mechanism
of  bacteria elimination by polymorphonuclear granu-
locytes can be observed during granulomatous disease,
as well as primary and secondary granulocytopenia
[18]. Such patients display a greater proneness to fun-
gal infections [17]. Pietruski et al [19] have concluded
that in patients with diagnosed denture stomatitis with

Table 2. results of  the mycological examination based on swabs collected from mucous membrane surface of  the oral cavity.

Candida albicans Candida glabrata Candida krusei Candida arapsilosis
fungal fungal fungal fungal fungal fungal fungal fungal 

presence colonies presence colonies presence colonies presence colonies

Study group
(n=65) 61.5% 10.6 ±2.7 16.9% 1.1 ±0.4 3.1% 0.06 ±0.04 4.6% 0.06 ±0.03

Control group
(n=65) 50.8% 2.5 ±0.6 18.5% 0.2 ±0.0 6.2% 0.22 ±0.11 3.1% 0.50 ±0.10

fungal colonies are reported as means ±Sd.

Table 3. Level of  chemiluminescence activity (CL) of  polymorphonuclear granulocytes.

CLmax (CPM) White blood cells neutrophils (%)

Study group 26487.5 ±2991.8 6.2 x 109 ±0.12 x 109 60.2 ±0.6

Control group 33314.5 ±3683.7 6.2 x 109 ±0.15 x 109 54.6 ±0.7

Values are means ±Se.

november 4, 201048 eUroPeAn JoUrnAL of MediCAL reSeArCh



fungal infection polymorphonuclear granulocytes in
blood show limited reticuloendothelial activity. re-
search for this paper concerning the evaluation of  the
activity of  reticuloendothelial cells in eliminating bac-
teria and fungi, with the application of  a chemolumi-
nescence test, indicated a lower metabolic activity of
polymorphonuclear granulocytes in blood of  patients
undergoing hormone supplementation therapy. As
studies by other authors show, hormone supplementa-
tion therapy may lower the production of  highly-reac-
tive oxygen derivatives by peripheral blood neu-
trophils, mainly through a direct operational mecha-
nism of  estrogens applied in the therapy. neutrophils
feature estrogen receptors on their surface. By inter-
acting with these receptors, estrogens trigger a biologi-
cal effect by influencing the expression of  myeloper-
oxidase and nitrous oxide. Pertynska et al [7] have
shown that, when an estradiol-progesterone substance
is applied, hormone supplementation therapy modifies
the production of  reactive oxygen forms by peripheral
blood neutrophils. these authors have argued that the
substance used limits the production of  free radicals,
in both in vitro and in vivo conditions. Bekesi et al [20]
believe that hormone therapy reverses the decline in
myeloperoxidase activity of  polymorphonuclear gran-
ulocytes. this decline takes place after the menopause,
in comparison with myeloperoxidase activity in female
organisms in the reproductive period.

Analysis of  the present results revealed a higher
growth of  fungi disclosed by the mycological examina-
tion in the group of  patients subjected to hormone
supplementation therapy. it is possible that the in-
creased growth of  fungi flora in these patients may re-
main in connection with the limited chemiluminescent
activity of  polymorphonuclear granulocytes in blood,
after the application of  hormone therapy.

ConCLUSionS

1. Patients using hormone supplementation therapy
and removable prosthetic restorations constitute a
high-risk group in terms of  fungal infections and
inflammations of  the mucous membrane of  the
oral cavity, thus they must remain under constant
dental control in order to avoid the appearance of
denture stomatitis with fungal infections.

2. Chemiluminescent activity of  polymorphonuclear
granulocytes in peripheral blood of  patients sub-
jected to hormone supplementation therapy is low-
er in comparison with the control group. this sug-
gests a potential influence of  hormone supplemen-
tation therapy of  the metabolic activity of  granulo-
cytes. that, in turn, may hinder anti-fungal defenses
and facilitate fungi growth.
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