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1. INTRODUCTION

A. Theimportance of oral health, oral diseases

The oral cavity is a complex region of the human body, made up of different types of
tissue components, resulting in a complex architecture. By anatomical definition, the oral
cavity (rima oris) is the space from the lips till the end of the hard palate [1]. It contains the
teeth (dentes), the buccal and gingival mucosa, the mandible (mandibula) and hard palate
(palatum durum), the floor of the mouth, and the anterior part of the tongue to the
circumvallate papillae [2]. The ora cavity is a multifunctional environment, with important
roles in digestion (as a part of the gastro-intestinal tract) and communication [3]. This
anatomical region contains the salivary glands; the main product of these glands in the saliva,
which is an extracellular fluid, containing >99% water, electrolytes, mucin, white blood cells,
enzymes relevant in digestion (amylase, lipase) and antimicrobia defense (Ilysozyme) and
other proteins (e.g., secretory IgA, epidermal growth factor [EGF]) [4]. Two genera types of
salivary glands may be distinguished: serous glands predominantly secrete a watery fluid,;
while mucous glands secrete a more viscous saliva that contains mucin [4,5]. Changes in the
flow rate, chemical composition (e.g., pH, protein content) and viscosity of the saliva are
subject to the dynamically changing processes in the human body; it is influenced by age,
hydration status, dietary factors, psychological conditions (e.g., anxiety) and various illnesses
(e.g., §orgen-syndrome) [6,7]. In addition, several pharmacological agents may cause the
lack (i.e. xerostomia, typical examples include tricyclic antidepressants, antipsychotics,
atropines, B-blockers and antihistamines) or excess production (i.e. siaorrhea, the typical

exampleis clozapine) of saliva[6-9].

Oral hedlth is considered as an important indicatior of well-being, quality of life (QoL)

and overall health status of persons [10]. The World Health Organization (WHO) defines oral
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health as the following: “a state of being free from chronic mouth and facial pain, ora and
throat cancer, oral infection and sores, periodontal (gum) disease, tooth decay, tooth loss, and
other diseases and disorders that limit an individual’s capacity in biting, chewing, smiling,
speaking, and psychosocial wellbeing [11]. The Globa Burden of Disease (GBD) Study in
2016 has estimated that diseases affecting the oral cavity impact at least 3.5 billion people
worldwide [12,13]. The GBD 2016 Study has identified seven oral diseases and conditions to
be accountable for majority of the oral disease burden, these diseases are: dental caries (i.e.
tooth decay), periodontal diseases, oral malignancies, ora manifestations of HIV, oro-denta
trauma cleft lip and palate, and noma (arapidly progressive often gangrenous infection of the
mouth and face) [12]. A characteristic of al the above mentioned conditions is that there are
effective preventive measures against their emergence or that they can be treated effectively
in the early stages of the disease [11-13]. In the following subsection, the most prevalent oral

diseases and various contributing factors are discussed:
Dental caries (tooth decay)

Dental caries is a consequence of microbial biofilm (i.e. plague) formation of the
surface of the teeth, converting free sugars from intake food and drink into acidic substances,
resulting in the dissolution of the tooth enamel and dentine over along period. Risk factors for
the development of caries include low intake of fluoride, a sugary diet and inappropriate
dental hygiene. Caries of the permanent teeth has been shown to be the most prevalent
condition (affecting 2.4 billion people), while 486 million children suffer from caries of
primary teeth. The consequences of caries include painful cavities, decreased QoL, loss of

teeth and systemic infection and inflammation [11-15].
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Periodontal diseases

Periodontal diseases are defined by conditions that affect tissues surrounding and
supporting the teeth. The clinical presentation of periodontal diseases includes bleeding or
swollen gums (gingivitis), pain in the tissue and bad breath (halitosis). Gingivitis is a non-
destructive type of periodontal disease; however, untreated gingivitis can progress to
periodontitis. Periodontitis is a more severe form of the disease, characterized by the loss of
gum attachment to the tooth and supporting bones, causing the formation of “pockets’ and
loosening of teeth. In severe cases, gingivitis and periodontitis may also lead to tooth loss

[11-13,16,17].

In the last several decades, it has been extensively studied that poor dental health can
adversely affect a number of systemic conditions and diseases [18,19]. Namely, significant
correlation has been found between the emergence of gingivitis and periodontitis and other
systemic conditions and diseases, such as cardiovascular diseases [20], diabetes type 11 [21],
respiratory diseases [22], inflammatory bowel diseases [23], and can even lead to preterm

delivery [24,25] and other systemic inflammatory diseases [26,27].

Tooth loss

Previously mentioned dental disorders (caries and periodontal disease) are the principa
causes of tooth loss [11-17]. Loss of teeth and edentulism are characteristically seen among
older people (over 50 years of age) [28]. Loss of teeth and edentulism is one of the leading
causes of Years Lived with Disability (YLD), especidly in the ageing population of

developed countries [29].
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Figure 1. Association between periodontal diseases and systemic health [30]

The oral microbiome

The oral cavity hosts on the most prominent microbial communities in the human body [31].
The oral microbiome is a complex ecological system, consisting of around 700 different
microorganisms (bacteria, viruses, fungi and protozoa), however, it has been suggested that
more than 50% of microorganisms present in the mouth has not yet been cultivated or
identified [32]. Typically, there are around 70 types of bacteria that may be consistently found
in the mouth, and these bacteria are considered saprophytes, therefore they are not harmful to
the host [30,31]. Nevertheless, there are bacteria that have been identified in pathological
processes, e.g., Sreptococcus mutans in the development of tooth decay [33,34], or various
anaerobes, such as Aggregatibacter actinomycentemcomitans, Prevotella intermedia,

Porphyromonas ginigvalis, Tannerela forsythia and Treponema denticola in the pathogenesis

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

11

of periodontitis [35]. In general, the disturbance of the qualitative and quantitative
composition of the oral microbiotawill generally lead to some pathological processin the ora
cavity [36-38]. Futhermore, even small changes in this characteristically delicate microflora
(i.e. dyshiosis) may affect other organ systems of the body, leading to disease devel opment
(Figure 2.) [39], e.g., various types of cancers, autoimmune disorders, psychiatric disorders
and some reports even suggested a correlation with the development of autism spectrum

disorder and oral dysbiosis[35,40-43].
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Figure 2. Association between oral dysbiosis (with emphasis on the microorganisms of

interest) and various systemic diseases [ 38]
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Risk factors for oral diseases

The majority of oral diseases and conditions have similar risk factors, most of these risk
factors are modifiable, i.e. they may be managed with appropriate public health interventions
[11-13,44]. These risk factors include tobacco use, extensive alcohol consumption, diet rich
in free sugar, carbohydrates and other unhealthy products, inappropriate fluoride intake, poor
access to primary oral healthcare services and poor knowledge and attitudes towards oral self-
care and other social determinants of heath [11-13,44]. Inequdlities in ora hedth are
especialy prevalent of low- or middle-income countries (Figures 3-4.) [44]. Possible public
health interventions include the promotion of a well-balanced diet (low in free sugars), with
an appropriate intake of fruits and vegetables, cessation of smoking and a cohol-consumption,
and patient education, e.g., to encourage the use of protective headgear when doing sports and

travelling in motor vehicles, as an attempt to reduce therisk of facial injuries[11-13,44].

Nevertheless, it must be noted that some risk factors are biologically/genetically determined
(i.e. non-modifiable risk factors) [45], such as advanced age, genetic predisposition (mostly
for impaired immune/inflammatory responses), pancreatic diseases and polycystic ovary
syndrome [46]. The research activity pertaining to the identification and characterization of

these non-modifiable risk factorsis afield of extensive research activity in dental science.
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Figure 3. Dental caries levels (based on decayed, missing, and filled teeth [DMF] scores)
among 12-year-olds worldwide, December 2004 [44]
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Figure 4. Dental caries levels (based on decayed, missing, and filled teeth [DMF] scores)
among 35-44-year-olds worldwide,December 2004 [44]
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B. ABO secretor status

ABO blood group antigens (ABGAS) are an integral part of the red cell membrane and these
antigens are expressed into the body fluids. The classification for these blood group antigens
(i.e. the ABO system) was discovered by Landsteiner in 1901 [47]. This classification is based
on the modifications of the H-antigen, a carbohydrate sequence, which, when present on the
surface of erythrocytes in its unmodified form, codes the O-type. The A, B and AB types are
coded by addition of a-N-acetylgalactosamine and a-D-galactose to the H-chain (see Figure
5.). About 70-80% of the population secretes ABGAs in the saliva and other body fluids (e.g.,
tears, gastric mucosa) where these antigens are bound primarily to mucins [45,48,49]. Based
on whether an individual secretes ABGASs into body fluids, they may be characterized by so-
called “secretor status’, between non-secretors and secretors. The secretor status depends on
which alleles for the Lewis antigen system the individual carries, that is, an individual
carrying the dominant Le and Se alleles will be a secretor [50,51]. The percentage of secretors

in Caucasian populations has been estimated to be around 70-80% [49,52].
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Figure 5. Characterization of fucosylated and sialylated blood group antigens and associated
secretor phenotypes [52]
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It has been demonstrated by a number of studies, that the ABO-sector status of a patient may
be a possible factor in the etiology and pathogenesis of certain diseases and possibly be an
important determinant in ora heath [53]. As pointed out by Vidas et al. [45] (which was
further explored by various authors in the following years [54-56]), the sector status of a
patient may possibly be a factor influencing the development of systemic ora disease.
According to Demir et al., the ABO blood groups and the Rh factor may constitute a risk
factor in the development of periodontal diseases [57]. The authors found a relatively higher
percentage of Group A patients in their gingivitis group and a relatively higher percentage of
O group patients in their periodontitis group. However, other studies conducted in different
countries, different healthcare settings and in the context of various other illnesses, reached
divergent conclusions [54-56]. For instance, it was found that the prevalence of vaginal
candidiasis was significantly higher in non-secretors [58]. McGovern et al. found that
fucosyltransferase-2 non-secretor status was associated with the development of Crohn’'s
disease [59]. Similarly, Parmar et al. showed association between fucosyltransferase-2 non-
secretor status and celiac disease in the Finnish population [60]. In contrast, Sakamoto et al.
found no association between decayed, missing, and filled teeth (DMF) scores and either BGI
(beta—glucuronidase inhibitor) activity or secretor status [61]. A semina Icelandic study
suggested that blood group antigens may interfere with the adherence of S, mutans to teeth,
thereby having a preventive effect against the development of caries [62]. Additionally, a
significant positive correlation was observed between DMF scores and BGI-activity in non-
secretors. Nevertheless, other studies revealed a connection between certain other diseases
and secretor status, including myocardial infarction [63], neuroses [64], depression [65],
retinoblastoma [66], transitional cell carcinoma of the bladder [67], pancreatic cancer [68],

gastric cancer [69] and various oral malignancies [70].

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

16

C. Maleinfertility

Based on the estimation of Kellesarian et al. [71], infertility affects more, than 45 million
couples worldwide, which corresponds to a prevaence of 15% of couples of reproductive age
[72]. A considerable societal pressure has been placed on the female population, regarding
the burden of subfertility and infertility [73]; however, recent estimates showed that in around
40%-50% of the cases, male factors of infertility (MFI) are (also) responsible for the failure to
conceive [74]. Diagnosis of male infertility remains a challenge, as in around one-third of
cases, the cause of infertility remains unexplained despite thorough investigation [ 71,75]. MFI
is a multifactorial pathology, associated with many possible risk factors, such as
bacteriospermia, urogenital infections, elevated level of reactive oxygen intermediates,

endocrine disorders, immunological disorders and genetic determinants [76].

As previously described, periodontal diseases have a significant role in the
development of systemic diseases [18,19]. Consequently, the circulation of periodontal
pathogens or their metabolic end-products is linked to the development of a widespread
inflammatory response in the body, which has been associated with adverse pregnancy
outcomes like low birth weight and premature birth [77]. It has also been hypothesized that
periodontal disease affects the physiological function of the reproductive system, similar to
the way it affects the rest of the body [78]; e.g., the presence of increased levels of IL-6 in the
semina fluid and systemic circulation (as seen in studies of female patients) may be
associated with infertility [79]. It has been proposed that periodontal disease may have a
possible contributing role to idiopathic pathospermia, reduced sperm quality, subfertility and
infertility [76,80]. A direct causal relationship was established between bacterial colonies in
dental foci and therapy-resistant bacteriospermia (bacteriospermia may be initiated by an

infection in the ora cavity that has spread through the blood) [81], in addition, positive
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correlations between deep periodontal pockets and sperm sub-motility have also been

demonstrated [72,76].
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V. AIMSOF THE STUDY

The aim of my research was to investigate the association of various health-related factors and
dental health, specifically corresponding to factors that have not been previously determined
in Hungary. During our studies, the association between ABO-secretor status and dentd
health of younger patients was assessed, to enhance our understanding of this phenomenon
with data from with a loca context. Similarly, the potential association between the
periodontal diseases and pathospermias was scarcely investigated worldwide. In addition, no
previous studies have focused on the subgroup of patients with idiopathic male infertility in
correlation with periodontal status, hence, the investigation to reveal the potential relationship
between periodontal status and spermiogram parameters of men with unexplained infertility

was chosen as a second hallmark of thisthesis.

The specific goals of the study wer e the following:

1. Determination of the caries experience and oral hygiene among children and

adolescentsin Southern Region of Hungary

2. Assessment of potential effects of ABGA expression (i.e. secretor status) into saliva on

caries experience among the tested population

3. Seminal analysis of samplesfrom adult male patientswith idiopathic maleinfertility

4. Examination of the potential connection between sperm abnormalities and

periodontal status of men with idiopathic male infertility
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V. MATERIALSAND METHODS

A. Ethical considerations

Both study protocols were approved by the Regiona and Institutional Human Medical
and Biological Research Ethics Committee of the University of Szeged, Hungary (Protocol
number: 0420/2009 for the study for children/adolescents and 97/2010 for the examination of
adult male patients) and followed the Declaration of Helsinki Ethical Principles for Medical
Research (2013). Participants (and the parents in case of children and adolescents) were
provided information regarding the goals, risks and the procedures involved in the study in
both oral and written form. Upon receiving this information, participants (in case of adult
male patients) or the parents of the participants (in case of children and adolescents) were
asked to give their consent to the participation by signing voluntarily an informed consent

form.
B. Study siteand population
1. Children and adol escents

A sample of healthy schoolchildren (including children and adolescents aged between 6-18
years) participated in this study, who presented for an annually organized dental screening.
The sample size of this study was determined by the turn-up rate (as annua screening is
mandatory in Hungary), willingness to participate and the compliance with the exclusion
criteria [82]. The study was carried out at the Department of Pediatric Dentistry and
Orthodontics of the Faculty of Dentistry, University of Szeged (Hungary), between 1% of

January and 31% of December 2011.
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2. Adult male patients

Adult male patients (>18 years of age) seeking infertility evaluation were recruited
between 1% of October 2010 and 30™ of July 2013. The study site was the Andrology
Outpatient Clinic of the Department of Obstetrics and Gynecology, University of Szeged
(Hungary). Socio-demographic data (age, place of residence, highest level of education and
current profession) and information pertaining to lifestyle factors (body mass index, smoking,
acohol consumption and substance abuse) were collected via a self-administered

guestionnaire, followed by andrological and periodontal examinations [83,84].

C. Exclusion criteriafor participants
1. Children and adolescents

During the enrollment for this study, only heathy subjects with no existing oral or systemic
diseases were eligible for the study. In addition, taking any kind of medications per os at the
time of saliva sampling (due to fears of distorting the results) was aso a criterion for

exclusion from the study [104].

2. Adult male patients

Only adult males with idiopathic infertility were enrolled into the study. The following
exclusion criteria were defined: varicocele or testicular microlithiasis (confirmed by
ultrasound examination); hypogonadism (verified by hormona measurements); genetic
disorders (determined by chromosome analysis or molecular genetic investigations) or
symptoms of urogenital infection. Patients with azoospermia (no spermatozoa in the
gaculate) were also excluded due to the possibility of seminal duct obstruction or serious

testicular abnormality [84].
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D. Assessment of caries prevalence and oral hygiene among children and adolescents

Data for the calculation of decayed/missing/filled teeth indices (dmf-t/DMF-T) were collected
as part of a routine dental status assessment [85]. Caries experience was assessed by
caculating the dmf-t/DMF-T scores according to the WHO criteria [86,87]. A tooth with
more than one carious lesion was scored as one decayed tooth; a tooth with a filling and a
separate carious lesion was scored as one filled tooth [86,87]. White spot caries lesions were
not included, unless probed [88]. The smplified oral health hygiene index (OHI-S) was aso
caculated, based on the guidelines of Greene and Vermillion [89]. Calculations of OHI-S
were carried out, using an operation lamp, mouth mirrors and explorers by the same examiner,
prior to the determination of secretor status, therefore, the dentists performing the assessment
was blind to subjects’ secretor status [90]; thus, a significant potential confounding factor was

eliminated.

E. Assessment of periodontal status among adult male patients

The amount of plague was recorded on a 0 to 3 scale on the “Ramfjord teeth” (#/16, 21, 24,
36, 41, 44/) at four surfaces per tooth [91], according to the criteria defined by Silness and
L6e[92]. If aRamfjord tooth was missing, the adjacent molar, premolar or central incisor was
examined. Probing depth (PD) was measured at six sites of each tooth (mesiobuccal,
midbuccal, distobuccal, mesiolingual, midlingual, and distolingual) with the help of a
millimeter scale Michigan periodontal probe (Hu-Friedy, Chicago, IL, USA). PD vaues were
recorded in millimeters and were rounded down to the nearest whole millimeter. Sulcus
bleeding on probing (BOP) was classified as positive, if bleeding occurred within 15 seconds

after probing at any site of the tooth. Dental calculus was recorded dichotomously as present
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or absent. The number of missing teeth was aso registered. Poor periodontal status was
defined as a probing depth of > 4 mm at |east at one site and BOP at > 50% of teeth [24].

Repeated periodontal examination was performed in n=10 patients and repeated after an
interval of 30 minutes, to determine the intra-class correlation co-efficient (ICC), the
reliability of measurements for the male patients [93,94]. Based on the results of these ten
patients, an intra-class correlation co-efficient value of 0.90 was calculated, which indicated
good reliability [93,94]. Wisdom teeth and radices, where it was impossible to carry out the
measurements of the probing depth (PD) were excluded from the periodontal charting. The
dental examinations were performed by dentists who were experienced in periodontal

charting.

F. Determination of ABO blood groups and secretor status

ABO secretor status was determined based on the protocol described by Vidas et al. [45].
Unstimulated whole saliva (3-4 mL) was collected from each child/adolescent subject, saliva
was collected in test tubes. A glass funnel with a piece of absorbent paper inside was inserted
into the test tube and participants were asked to spit into the funnel 1 or 2 times per minute.
Using this procedure, it was possible to collect the required amount of saliva. The absorbent
paper inside the funnel served to filter contaminants [85,95]. Saliva collection took place
either in the morning hours or early in the afternoon, with at least 2 hours passing after the last

meal or tooth brushing.

Saliva samples collected were sealed and placed in boiling water for 10-20 minutes to
inactivate enzymes. Samples were then centrifuged at 3000 rpm for 5 minutes and the
supernatant was separated and analyzed for ABO blood group antigens (the saliva samples
were either processed immediately or stored at -80°C until use) by a hemagglutination

inhibition test with appropriate antisera (Blood Grouping Test Reagents Anti-A, Anti-B, Anti-
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H, Sifin® Berlin, Germany; ALBA clone Anti-A, Anti-B, Anti-H Blood Grouping Reagents,

Alba Bioscience®, Edinburgh, United Kingdom) [45,96,97].

A plate hemagglutination-inhibition test was employed in the following manner: the saliva
samples were diluted in aratio of 1:2, while A-, B-, and H-antisera were diluted in aratio of
1:8. Sterile distilled water was used for the dilution of saliva and the reagents. The diluted
saliva samples and antisera were then mixed in test tubes and stored in a wet chamber for 10
minutes. After the incubation period, 1-2 drops of 2-3% erythrocyte solution were added to
each sample and the result was recorded. The hemagglutination reaction indicated a lack of
ABO antigen production, and a reaction not taking place revealed the presence of antigensin
the saliva samples, as in the latter case, the antigen-antibody complexes were aready formed
when the proper antiserum was added to the saliva sample. In the case of non-secretors, no

reaction was seen [98].

The study population was divided into two groups on the basis of dentition (i.e. mixed or
permanent, described previously), determined within the secretor and non-secretor subgroups.
The mixed dentition group had both deciduous and permanent teeth, the permanent dentition

group had permanent teeth only. Data analysis was conducted based on this grouping.

G. Semen analysis

Semen collected from adult male patients was analyzed and classified according to the
criteria of the World Heath Organization laboratory manua for the examination and
processing of human semen [99]. After 3-5 days of abstinence, semen samples were obtained
by masturbation and gjaculation into glass containersin a private room close to the laboratory.
The samples were handled at room temperature (22-25°C). The investigation of the semen
began within 1 hour following gaculation [100]. Sperm concentration, total sperm count, total

sperm motility, progressive and non-progressive motility were assessed with phase-contrast
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optics a 200X magnification in a Makler® counting chamber (FertiCAD Kft., Budapest,
Hungary) as described in the WHO laboratory manual [99]. Sperm morphology was
determined at 1000X magnification with oil immersion after Diff-Quik staining (Diff-Quik
Staining Set, Medion Diagnostics AG, Dudingen, Switzerland). Progressive motility was
specified as the proportion of actively moving spermatozoa. Non-progressive motility was
defined as the percent of moving spermatozoa with an absence of progression. Total motility
was defined as the sum of progressive and non-progressive motility [99]. Normozoospermia
was attributed to normal gaculation as defined by the WHO reference values, sperm cell
concentration 15x10%ml or greater; total sperm count 39x10%ejaculate or greater; total
motility at least 40%; progressive motility 32% or greater [99]. Cryptozoospermia was
diagnosed when spermatozoa were absent from a fresh preparation, but they could be
observed in a centrifuged pellet. Criterion for teratozoospermia was the proportion of sperm
cells with norma morphology below 4%. In case of oligozoospermia (sperm concentration
<15x10°%ml) or asthenozoospermia (progressive motility <32%), blood samples were taken
for measurement of hormone levels and ultrasound examination of the testis was also carried
out [75]. In case of sperm concentration of <1x10%ml, karyotyping and azoospermia factor
microdeletion of Y chromosome (AZFa /sY 84,86/, AZFb /sY 127,134/, AZFc /sY 254,255/
regions) screening was also performed.

The dental and parodontal parameters of oligozoospermia, asthenozoospermia,
cryptozoospermia and of the sperm pathology group (men with any sperm abnormality) were
compared to men with normozoospermia (control group). Patients with oligo-
asthenozoospermia were considered in both the oligozoospermic and asthenozoospermic
groups [84]. No information about the andrological status of the patient was available for the

dentist at the time of the dental examination.
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H. Statistical analyses

1. Correlation between secretor status and parameters of dental health (dmf-t/DMF-T and

OHI-9

The normality of variables was tested using Kolmogorov—Smirnov tests. As our data did not
fulfill the criteria of normal distribution, nonparametric Mann-Whitney U tests were used for
between-groups comparisons [101]. To determine the degree of association between dmf-
t/DMF-T and OHI-S, the x? test was used. Wherever our dataset violated the assumption of
the ° test (i.e. expected frequencies of at least five), we used Fisher's exact test (FET). The
level of statistical significance was set at p<0.05. Statistical analyses were performed using
the Statistical Package for Social Sciences (SPSS) Software (IBM SPSS Statistics for
Windows 17.0, IBM Corp., Armonk, NY, USA). In addition, to assure that the resulting
sample size yielded statistically meaningful results, a post-hoc power anaysis was aso
conducted [102]. Post-hoc power analysis for the dmf/DMF comparisons was conducted in

G*Power (Universitét Kiel, Kiel, Germany).

3. Correlation between semen health and parameters of dental health

The normality of variables was tested using Kolmogorov—Smirnov tests, demonstrating that
the study samples for our database were not normally distributed [101]. Continuous variables
were expressed as mean = standard deviation. Univariate comparisons for categorical
variables were assessed by y® tests. The correlation between sperm parameters and total
number of teeth of the participants were determined by Spearman'’s rank correlations. Mann—
Whitney U tests were used for comparison of continuous variables depending on the case-

control status (pathospermia vs. normal cases and poor periodontal status vs. heathy
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periodontium). Statistical significance was defined at the two-sided p=0.05 level. Odds ratios
for continuous variables were evaluated by univariate logistic regression. Odds ratios were
adjusted for confounding factors (age, smoking status and body mass index) in multiple
logistic regression analyses [103]. Statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS) Software (IBM SPSS Statistics for Windows 15.0, IBM

Corp., Armonk, NY, USA).
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VI. RESULTS

A. Study population, demographic characteristics
1. Children and adolescents

Oveadl, n = 130 healthy schoolchildren (including Nmae = 60, Ntemae = 70 participants) were
enrolled in the study. The participants were all Caucasian from a homogenous socioeconomic
background.

2. Adult male patients

During the study period, n=95 men were recruited consecutively into the study. The
sociodemographic characteristics are summarized in Table 1. The average age of the
participants was 35.1 years (range: 23-51 years). n=26 men (27.4%) were smokers and 16.8%

of the men were obese (BM1>30).

B. Reproductive (sperm) health of adult male patients

Out of the ninety-five participants, n=36 (37.9%) men were considered to have
oligozoospermia, n=27 (28.4%) of patients had asthenozoospermia (including n=15 patients,
who had both disorders). Cryptozoospermia was diagnosed in n=15 (15.8%) of cases and
n=32 (33.7%) of men were normozoospermic. N=63 (66.3%) of the patients had at |east one

type of sperm parameter disorder. In five cases (5.2%) teratozoospermiawas found.
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Table 1. Characteristics of the men with idiopathic male infertility at the Department of

Obstetrics and Gynecology, University of Szeged

maximum

Age N=95 (100%)
Mean 35.1+5.7 years
Minimum and 23.9 years-52.1 years

Place of residence

N=95 (100%)

City

74 (77.9%)

Village

21 (22.1%)

Educational level

N=95 (100%)

Primary school 1(1.1%)
Technical school 28 (29.5%)
Grammar school 33 (34.7%)
Higher education 33 (34.7%)

Occupation N=95 (100%)
Unemployed 2 (2.1%)
Manual worker 41 (43.1%)

Other 23 (24.2%)
Intellectual 29 (30.7%)
Smoking N=95 (100%)
No 69 (72.6%)
Yes 26 (27.4%)
5 cigarette/day 10 (10.5%)
10 cigarette/day 10 (10.5%)
20 cigarette/day 6 (6.3%)
Past smoking 44 (46.3%)
Quit >5yrs ago 13(13.7)
BMI N=95 (100%)
>30 16 (16.8%)
<30 79 (83.2%)

Data are presented by number (n) and percentage rate (%)
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C. Dental health and secretor status among children and adolescents

Detailed basic statistics of dentition and secretor status are given in Table 2., in the following,
data were analyzed by dentition type and secretor status. Out of the n=130 subjects, n=95
(73.0%) turned out to be secretors, out of which n=54 (56.8%) had permanent dentition (mean
age: 15.63 years; range: 14-18 years) and n=41 (43.2%) had mixed dentition (mean age: 9.86
years, range: 6-13 years). Of the n=35 (26.9%) non-secretors, n=17 (48.6%) had permanent
dentition and n=18 (51.4%) had mixed dentition. In both dentition types, around 40 percent of
the subjects were caries-free (defined as dmf-t/DMF-T=0), however, the ratios were
considerably different if secretor status was considered (see Table 2.). The ABO antigen
distribution in secretors was aso determined from the n=130 samples of sdliva. The
distribution of the examined secretor population overall was as follows: A: 44.2% (n=41); B:

16.8% (n=16): AB: 15.8% (n=15); O: 23.2% (n=22).

The association between OHI-S and dmf-t/DMF-T in the mixed dentition group was not
statistically significant, while in the group with permanent dentition, significant association
was found between the these two factors (c?(252, N=71)=346.93, p<0.0001). Significant
differences in ora hygiene between the different sexes were found only in the mixed dentition
group (n;=33, N,=30, U=322, p=0.017, in Mann-Whitney U test). Consequently, girls between
6-12 years generally exhibited better oral hygiene measured by the OHI-S index than boys of
the same cohort (mean OHI-S indices were 0.83 vs. 1.21, respectively). In the permanent
dentition group, such difference was not observed (n;=27, n,=40, U=393, p=0.061, in Mann-

Whitney U test).
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Table 2. Basic statistics of participants’ dentition and secretor status

MIXED DENTITION
(n=41)
Gender ratio Agein OHI-S | dmf-t | Type | Type | Type | Type
(f:m) years (mean, | (mean, A B AB O
(mean, | range) | range) | (%) | (%) | (%) | (%)
range)
o 23.18 9.56 (6-12) | 0.97 2.02 488 | 146 | 17.1 | 195
|C_> (0-2.6) | (0-13)
IéI:J Cariesfree: 51.16%
O
0
PERMANENT DENTITION
(n=54)
Gender ratio Agein OHI-S | DMF- | Type | Type | Type | Type
(f:m) years (mean, T A B AB O
(mean, range) | (mean, | (%) | (%) | (%) | (%)
range) range)
32:22 15.8 (14- 0.81 243 426 | 204 | 148 | 222
18) (0-3.2) | (0-12)
Cariesfree: 46.67%
MIXED DENTITION
(n=18)
Gender ratio Agein OHI-S | dmf-t | Type | Type | Type | Type
(f:m) years (mean, | (mean, A B AB O
(mean, | range) | range) | (%) | (%) | (%) | (%)
range)
@ 4:14 9.72 (7-12) 1.19 3.61 n/a n/a n/a n/a
O (0-25) | (0-13)
w
[
O
) Cariesfree 25%
z
o
= PERMANENT DENTITION
(n=17)
Gender ratio Agein OHI-S | DMF- | Type | Type | Type | Type
(f:m) years (mean, T A B AB O
(mean, range) | (mean, | (%) | (%) | (%) | (%)
range) range)
11:6 15.05 0.87 31 n/a n/a n/a n/a
(13-18) (0-25) | (0-11)
Cariesfree: 38.46%
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The association between sex and secretor status in mixed dentition was significant (p<0.0001,
in Fisher's exact test), while in permanent dentition no significant association was found
(p=0.458, in Fisher's exact test). To verify that the dmf-t/DMF-T comparisons were not
influenced by different oral hygiene as related to sex, OHI-S between the sex subgroups of the
secretor/non-secretor groups were also compared. No significant difference was found for
either sex (secretors versus non-secretors. [girls: n;=54, n,=15, U=397, p=0.914, in Mann-

Whitney U test]; [boys: n;=39, n,=20, U=345, p=0.479, in Mann-Whitney U test].

There were no statistically significant differences in dmf-t/DMF-T status between secretors
and non-secretors in permanent dentition (N =17, n,=54, U=454.5, p=0.952, in Mann-Whitney
U test). However, statistically significant difference was found in dmf-t between secretor and
non-secretor statuses in mixed dentition (n;=18, ny=41, U=234, p< 0.05, in Mann-Whitney U
test). To determine whether this effect was linked to any secreted antigen in particular,
association between dmf-t/DMF-T status and antigen types was computed, but no significant
association was found: c¢%(30, N = 41)=23.16, p=0.809. A graphical representation of the
comparisons is given in Figure 6. In particular, the mean dmf-t/DMF-T vaues in mixed
dentition were significantly lower in the secretor group (2.1 + 3.46), compared to the non-
secretor group (3.8 = 3.94). When only dentition types were compared without taking secretor
status into account, this difference could no longer be observed (2.60 + 3.76, 2.59 + 3.13,
mixed and permanent, respectively).

Post-hoc power analysis revealed a high statistical power: 1-b=0.89 (d=0.5, a=0.05) to our

analyses.
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Figure 6. Comparison of dmf-t/DMF-T by dentition type and secretor status. MNS: mixed,

non-secretor; MS: mixed, secretor; PNS: permanent, non-secretor; PS: permanent, secretor.

Bars denote means, whiskers mark 95% CI. The asterix denotes significant difference at the
level p< 0.05.

D. Periodontal statusin the context of sper miograms among adult male patients

Periodontal examination data of adult male patients were analyzed in the context of
the spermiogram groups (based on the laboratory analyses of the collected sperm samples) in
Tables 3-4. The mean plague index was 0.69 in the sperm pathology group, while 0.63 in the
control group (defined in the Materials and Methods section). The average PD was 2.19 mm
and BOP occurred at 55.5% of the teeth among those who had any type of sperm abnormality,
whereas these periodontal factors among men with normozoospermia were 1.99 and 53.9%,
respectively. Men with spermiogram disorders tended to have a PD >4mm more frequently
than the control group, athough the difference was not significant (44/69.8% and 18/56.3%,

respectively). 62 men had >4 mm, and 15 men had >6 mm probing depths indicating that two-
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thirds of the participants had deep, and almost one-sixth of the patients had very deep
periodontal pockets. In addition, the frequency of having poor periodontal status,
characterized by having bleeding on probing at >50% of the teeth and having at least one
>4mm PD at the same time (POB>50% + PD >4mm, see Table 3), was practically the samein

the sperm pathology group and in the normozoospermia groups (50.8% and 50.0%,

respectively).

Poor periodontal status (i.e. studied periodontal parameters) did not show any
significant association with any of the sperm abnormalities (crypto-, astheno- and
oligozoospermia) and did not correlate significantly with any of the sperm parameters, as
compared to controls. Teratozoospermia did not exert any significant correlation with the
adverse periodontal status (data not shown in tables). Interestingly, men with

asthenozoospermia had the lowest BOP per teeth among all subgroups tested.
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Table 3. Denta parameters according to sperm pathol ogies among men with idiopathic male infertility

Crypto- Astheno- Oligozoo- Any sperm- Normo-
OR AOR OR AOR OR AOR OR AOR
zoospermia P vaue zoospermia P vaue spermia  Pvaue pathology P vaue zoospermia
(95% Cl) (95% ClI) (95% CI)  (95% ClI) (95% Cl)  (95% ClI) (95% CI) (95% ClI)
(n=15) (n=27) (n=36) (n=63) (n=32)
Plaque score 0.66+0.40 0.46 1.32 2.39 059+042 0.79 0.85 0.98 0.73+£043 0.13 1.70 2.03 069+042 0.23 143 1.94 0.59 + 0.55
(0.39-4.39) (0.55-10.45) (0.30-2.46) (0.31-3.06) (0.62-4.66) (0.68-6.12) (0.56-3.66) (0.68-5.48)
PD (mm) 220+0.63 0.72 1.03 1.04 196+0.73 011 0.58 0.55 1.90+058 0.07 0.44 0.39 1.99+068 0.17 0.64 0.61 219+ 0.61
(0.37-2.82) (0.32-3.38) (0.25-1.32) (0.23-1.31) (0.18-1.04) (0.1-0.98) (0.33-1.22) (0.31-1.20)
PD >4 mm 10(66.7%) 050 156 2.28 21(77.8%) 008 272 3.07 25(69.4%) 0.26 1.77 182  44(69.8%) 0.19 1.80 1.89 18 (56.3%)
(n (%)) (0.43-5.60) (0.46-11.23) (0.87-8.55) (0.87-10.91) (0.65-4.78) (0.64-5.19) (0.75-4.35) (0.74-4.83)
Average number 15.87+ 2241 0.50 1.01 1.01 10.56+ 21.57 0.98 0.99 0.99 7.86+1441 054 0.98 0.97 11.17 + 20.25 0.66 0.99 0.99 13.97 + 19.59
of PD >4 mm (0.98-1.04) (0.97-1.04) (0.97-1.02) (0.96-1.02) (0.95-1.01) (0.94-1.01) (0.97-1.01) (0.97-1.01)
Frequency of 20.87+18.71 0.42 0.99 0.99 28.87+26.34 0.62 1.00 100 26.29+20.89 0.70 0.99 1.00 26.85+22.80 0.73 1.00 1.00 26.87+24.84
calculus/teeth (%) (0.96-1.02) (0.96-1.03) (0.98-1.02) (0.98-1.03) (0.98-1.02) (0.98-1.02) (0.98-1.02) (0.98-1.02)
Frequency of 11(73.3%) 0.24 0.39 0.49 20 (74.1%) 0.32 041 0.49 28 (77.8%) 0.35 0.50 0.61 49 (77.8%) 041 0.50 0.61 28 (87.5%)
calculus (n (%)) (0.08-1.85) (0.08-2.98) (0.10-1.58) (0.12-2.04) (0.14-1.85) (0.16-2.36) (0.15-1.67) (0.17-2.13)
Missing teeth 340+3.16 0.86 1.00 0.90 367304 0.72 1.03 0.97 3.78+344 0.76 1.04 101 348+315 0.9 101 0.97 3.38+295
(0.82-1.23) (0.67-1.22) (0.87-1.23) (0.80-1.19) (0.89-1.21) (0.84-1.21) (0.88-1.16) (0.81-1.15)
Frequency of 17.33+£7.95 0.21 1.05 1.04 10.37+7.73 0.046 094 0.93 11.69+753 014 0.96 0.94 13.17+£8.07 0.44 0.98 0.97 14.22 + 8.13
BOP/teeth (%) (0.97-1.14) (0.94-1.14) (0.88-1.01) (0.87-1.00) (0.90-1.02) (0.88-1.01) (0.93-1.04) (0.91-1.03)
Frequency of 63.27+30.89 0.46 101 101 52.04+29.39 0.57 0.99 100 48.00+30.43 0.29 0.99 0.99 5390+3040 0.74 1.00 100 5547+ 34.63
BOP (%) (0.99-1.03) (0.99-1.03) (0.98-1.01) (0.98-1.01) (0.98-1.01) (0.98-1.01) (0.98-1.01) (0.98-1.01)
Frequency of BOP 10 (66.7%) 1.00 1.20 1.19 14 (51.9%) 0.44 0.65 0.58 17 (47.2%) 0.23 054 0.48 35(55.6%) 0.66 0.75 0.70 20 (62.5%)
>50% (n (%)) (0.33-4.36) (0.26-5.49) (0.23-1.83) (0.19-1.77) (0.20-1.42) (0.17-1.36) (0.3-1.79) (0.28-1.76)
Frequency of 7 (46.7%) 0.55 1.13 1.09 11 (40.7%) 1.00 0.88 0.74 14(38.9%) 0.81 0.82 0.62 26 (41.3%) 10.83 0.90 0.81 14 (43.8%)
BOP >50% + PD (0.33-3.86) (0.26-4.62) (0.31-2.49) (0.24-2.28) (0.31-2.15) (0.22-1.78) (0.38-2.14) (0.33-2.00)
>4 mm (n (%))

All spermpathol ogies were compared to the normozoospermia group as controls. P-values calculated with Mann-Whitney U probes for
continuous variables (expressed as mean + standard deviation) and differences between categorical variables (shown by count (n) and percentage
rate (%)) were assessed by y*-tests. Statistical significance was defined at the two-sided p=0.05 level. PD: probing depth, BOP: bleeding on

probing.
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Table 4. Periodontal status and spermparameters of the patients with idiopathic male

infertility at the Department of Obstetrics and Gynecology, University of Szeged

Poor periodontal status Healthy periodontium OR (95%
p_
(N=48) (N=47) Confidence
value
n % n % interval)
Cryptozoospermia 9/27 333 6/20 30.0 1.00 117
(0.33-4.06)
Asthenozoospermia 11/29 37.9 16/30 53.3  0.299 0.53
(0.19-1.51)
Oligozoospermia 15/33 455 21/35 60.0 0.33 0.56
(0.21-1.46)
Any spermpathol ogy 30/48 62.5 33/47 702 0.516 0.707
(0.30-1.66)
Normal morphology (%) 0.599
50.06+19.42 49.71+13.13
(mean+SD)
Motility (%) (mean+SD) 51.56+22.90 50.33+£18.40 0.484
Progressive motility (%)
47.41+23.17 46.23+18.94 0.570
(meantSD)
Non-progressive motility (%)
4.95+4.96 3.82+3.34 0.133
(mean+SD)
Sperm concentration 48.36+48.59 44.612+47.02 0.899
total sperm number
(concentration x semen 175.70+£190.82 202.97+231.52 0.470

volume) (millions)

P-values were calculated with Mann-Whitney U probes for continuous variables (expressed as mean + standard

deviation) and differences between categorical variables (shown by count (n) and rate (%)) were assessed by x>

tests. Statistical significance was defined at the two-sided p=0.05 level. OR: odds ratio, 95% CI: 95% confidence

interval.
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VII. DISCUSSION

A. Association of dental health and ABO secretor status

Although association has been suggested with dental health and a number of different
diseases, a relatively small number of studies have concerned themselves with the possible
association between ABO secretor status and dental caries in humans, especially in children
and adolescents. Mavridis et al. found a higher mean vaue of DMF-T in secretors, however,
the difference was not statistically significant [105]. Barros et al. found no relation between
DMF-T and ABO and MN blood groups in a large Chilean population [106], while Arneberg
et al. found lower prevalence of caries for secretors, regardless of the blood group, with a
more pronounced difference for smooth surfaces (i.e. oral or vestibular tooth surfaces) [48]. In
a study corresponding to a young population of Icelanders, Holbrook and Blackwell found
significantly lower DMF in secretors than non-secretors [62]. The authors suggested that
blood group antigens may interfere with the adherence of S. mutans to teeth [62]. It is to be
noted that in Iceland, the proportion of non-secretors is among the highest recorded in Europe
and the prevalence of caries, especially in childhood, is accordingly high, which seemsto be a
strong argument for the protective role of ABO secretion against caries [107-109].
Nevertheless, other studies have failed to confirm an association of caries experience and

ABO secretion [62,110,111].

In our present study, a sample of 130 children and adolescents were examined in the Southern
Region of Hungary, in order to identify if an association exists between caries experience and
secretor status. It is important to emphasize that this study-to our knowledge, the first to
address this specific issue-was designed as exploratory, and therefore results are to be
interpreted as preliminary. Nevertheless, the results of our study may be regarded as an

addition to this scientific debate. In terms of the percent-wise distribution of blood types (as
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determined indirectly from antigens secreted into the saliva), our secretor sample was
representative of the Hungarian population, as based on previously published reports [112].
The ratio of secretors to non-secretors was aso in accordance with previously published data.
Caries experience was assessed by the dmf-t/DMF-T scoring system and the simplified ord
hygiene index (OHI-S) was also calculated for the study population. The Mann-Whitney U
test was used to compare dmf-t/DMF-T and OHI-S between secretors and non-secretors
divided into mixed and permanent groups on the basis of dentition. The only significant,
secretor status-related difference was found in dmf-t/DMF-T, which was significantly higher
in non-secretors, which is one of the main findings of this thesis. Significant difference
between sexes was also found in oral hygiene in the mixed dentition group, however, no
association was found between dmf-t/DMF-T and OHI-S in either groups. This latter result,
counterintuitive as it may seem, is not problematic, because ora hygiene per se is obvioudy
not the only factor influencing caries formation. We assume that OHI-S may be a sensitive
predictor of caries status only in poor ora hygiene. Matulaitiene et al. [113] and Milciuviene
et al. [114] examined oral hedth indices of Lithuanian schoolchildren of average to good ord
hygiene and reported that while dmf-t/DMF-T decreased significantly in the studied period
(1983-2009), OHI-S did not reflect this change [113,114]. The significant difference between
different sexes in the younger (mixed dentition) group is aso understandable, in light of the
superiority of girls over boys in terms of ora hygiene in this cohort [115-117]. As for the
significant association between sex and secretor status in mixed dentition, which is lacking in
permanent dentition, we have considered this a statistical artifact, possibly stemming from the
characteristics of the sample. No publication reporting on such an association has been found

in the literature.

The main finding of the abovementioned study, is that ABO secretors of mixed dentition

exhibit lower caries experience, is fairly difficult to explain at the present level of our
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knowledge, especialy considering that studies focusing on ABO secretion and caries in
children are limited. Our results, however, show this effect is associated with mixed dentition,
that is, the presence of primary teeth. Considering that primary teeth are more caries-prone
due to the lower mineral content of their enamel layer [118,119], their morphology [120,121],
and narrow interdental spaces [122], it might be hypothesized that secretion of ABO antigens
into the saliva may provide some sort of additional protection to primary teeth. In this respect
it is important to note that tooth surface was found to be a significant factor in another study
dealing with secretor status and caries experience as well [48]. Our findings-especialy in
view of the Icelandic sample-of course do not necessarily imply that the hypothesised
preventive effect is completely missing in adulthood [62,107]. We would argue, rather, that it
is more remarkable when the more vulnerable deciduous teeth are still present. The extent of

influence of ABO secretor status on adult dental cariesis yet to be determined.

It must be mentioned that both dmf-t/DMF-T and OHI-S scores in the studied population
were lower than previoudy reported in a comparable Hungarian population, and the
percentage of caries-free subjects was higher [123-128]. As discussed previously, annual
screening is not mandatory in Hungary, therefore, it has been assumed that people attending
these screenings (or parents bringing their children) put more emphasis on ora health, which
might explain the findings of this study. At the same time, this would suggest that the studied
popul ation was not representative of the entire Hungarian population. Nevertheless, thisis not
necessarily a limitation, as the intent of the study was to describe and assess a biological
phenomenon that should be observable regardless of various demographic factors. The
exploratory nature of this study, however, raises concerns of whether the observed effect
could be due to some uncontrolled background variable, such as dietary or ora hygiene
differences between the cohorts. No direct measurements were performed to address such

variables, which is obviously a limitation of the study. However, the fact that the significant
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dmf-t/DMFT difference between the dentition types was seen only when secretor status was
considered as an influencing factor, allowed for the dismissal of such a scenario. Furthermore,
no significant difference in OHI-S (as a measure of ora hygiene) was found between the
dentition type-based cohorts (mixed: 2.59+3.67), permanent: 2.60+3.13), which makes it quite

unlikely that significant changes of oral hygiene habits occurred with age.

As the influence of secretor status on caries experience has been paid surprisingly little
attention since the 1970s (when the subject was first mentioned), the exact protective
mechanism remains unknown. Based on the literature available, it is possible to set up a
reasonable explanatory framework, however, it must be noted that this framework—due to the
paucity of research into these mechanisms—can only be speculative in nature. Our proposed
explanation focuses on salivary glycoproteins (mucins) and their role in bacterial attachment
[129]. We hypothesize that the observed protective effect is due to ABO antigens
interference with the attachment of cariogenic bacteria S. mutans to the surface of the teeth.
This hypothesis was articulated earlier in connection with S. mutans (amajor etiological agent
of dental caries, whose role is long accepted), however, it must be noted that several other
species have been shown to play arolein caries formation and progression [62,130]. Williams
and Gibbons observed that mucinous glycoproteins could aggregate certain bacterial species
and prevent them from attachment to the buccal epithelium [131]. These authors have
suggested that this is due to a kind of molecular mimicry, that is, mucinous glycoproteins
possessed antigenic determinants in common with awide range of body cells (including those
of the buccal epithelium), and it was these antigenic determinants by which the glycoproteins
could aggregate bacteria. More importantly, it was also shown that pre-treatment of epithelial
cellsfrom adonor of A blood type with A antiserum prevented the attachment of S, sanguisto
these cells. This finding supported the theory that blood group antigens could establish alink

between bacteria and the surface on which they are located. However, the study focused on
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the buccal epithelium, not the solid hydroxyapatite surface of teeth, and S. mutans was not
among the tested species while it was clearly established that the effect was species-
dependent. Furthermore, no testing was performed to establish whether mucin donors were
secretors or not, thus the results are best interpreted as characterizing salivary mucins in
general. The key finding of their study was the possibly that salivary mucins are able to
aggregate bacteria, which, however, is not a really promising finding in terms of caries
protection [132]. Mucins are crucia components of the acquired enamel pellicle, without
which bacteria could not colonize tooth surfaces and form a complex biofilm, the metabolic
processes of which lead to caries, gingivitis and periodontitis [133,134]. The acquired pellicle
is composed of a variety of salivary glycoproteins and antibodies [135]. This film alters the
characteristics of the surface, which in turn increases the efficiency of bacterial adhesion. The
aggregation of bacteria by mucins in the enamel pellicle is a pro-carious process, and
therefore it cannot account for the protection observed in ABO secretors [136]. ABO antigen-
determinants in secretors are located at the termina part of the carbohydrate side chain in
glycoproteins of the mucin type. In other words, the mucins of secretors may be structurally
different. We hypothesize that this structural difference might play a key role in the protective
effect. Bacteria invade the pellicle-coated enamel surface as primary and secondary
colonizers. Primary colonizers (like S mutans) attach directly to the glycoproteins of the
acquired pellicle, while secondary colonizers attach to the primary ones. On such premises,
two explanations may be suggested. One is that the structural difference of the mucins of
secretors deteriorates their ability to aggregate cariogenic bacteria. However, the finding that
pre-treatment of mucins with anti-ABO antisera did not influence their ability to aggregate S.
miteor might be a counterargument here, but by no means an unquestionable one, as the
secretor status of mucin donors was not known, and the effect was found to be species-

dependent, even at a very low number of studied species (namely S. miteor, S. sanguis and S.
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salivarius) [131]. This latter finding suggests that the effect of secretor status on mucins
shows high inter-species variability [137]. The other explanation may be that structuraly
atered (secretor) mucins do not adhere so readily and stable to the enamel surface as non-
secretor mucins, therefore, they cannot serve as a firm base for colonization. In any of these
two scenarios part of the maximal total bacterial adhesive surfaceislost, and S mutans-based
colonization would be less efficient could not take place [138]. This would mean much better
but still not perfect caries resistance, as there are several known cariogenic species, and, as
mentioned before, the effect appears to be species-dependent [131]. S mutans is not the only
cariogenic species, and possibly not all variants of mucin type glycoproteins exhibit the
altered structure described by Marcus et al. [139]. The results of this study and those of other
studies suggesting that secretors are better protected but not completely caries-free correspond

to such a scenario.

B. Association of dental health and idiopathic maleinfertility

In our present study, ninety-five adult males with idiopathic infertility were enrolled to
assess any potential interactions between periodontal status and sperm pathologies. Based on
our findings, there was no correlation between the poor periodontal status of the participants
and any form of idiopathic pathozoospermia in the present study, i.e., poor periodontal status
had no significant effect on semen quality. In contrast, previous studies from other authors
have demonstrated evidence for a possible connection between periodontal parameters and
spermpathologies [ 76,140]. In the report by Klinger et al. [76], n=75 men were recruited, who
were attending an in vitro fertilization clinic. A significant correlation was shown between
deep periodontal pockets, clinical attachment loss and sperm submotility. However, there was
no difference in periodontal status of men with oligozoospermia and normozoospermia [76].
A similar study was published by Nwhator et al. [140], with the participation of n=76 infertile

men. In contrast to the results of Klinger et al., Nwhator described a significant association
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between deeper periodontal pockets and suboptimal sperm counts in the 33-38-year-old age
group and a correlation between poor oral hygiene and low sperm concentration was also
demonstrated [140]. However, in this latter study, no relationship was found between the ord
health and sperm motility. Both studies analyzed unselected population regardliess of the
cause of infertility [76,140], as apparent causes of subfertility were not excluded. Moreover,
in these papers, the spermiogram results were categorized by earlier WHO reference values
for human semen examination, which has been changed in 2010 [99]. As a consequence, it is
difficult to draw relevant conclusions from these conflicting results regarding the connection
of chronic periodontitis and male infertility, highlighting the importance of our current study

even more.

As the total duration of producing spermatozoa from spermatogonium in humans is
around 74 days [141], we did not assess the effects of clinical attachment loss (CAL) in our
study. CAL mainly represents previous periodontal processes and can have other, non-
infectious causes (e.g., bad tooth brushing technique). On the other hand, not all sites with
gingivitis will even develop CAL [142]. Our statistical analyses included the BOP and PD
results as main periodontal parameters. this was based on previous studies, because BOP has
been proven to be a substantial sign of periodontal inflammation [143-145]. The PD >4mm is
considered as a “critical probing depth” size [146], while smaller PD is accepted as normal
[147]. Moreover, BOP and PD are considered as significant factors in the risk assessment of
recurrence or activity of periodontitis [144]. In our investigation, it seemed to be suitable to
record plague amount on the Ramfjord teeth only, as Loe et al. has shown that plague is not
the solely factor in the progression of chronic periodontitis [148]. In their study, the majority
of patients (81%) had only moderate progression, despite of poor plague control and gingiva

inflammation of each individual member of the study population. Moreover, this partid
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mouth examination is eligible to reduce examination time, which is more convenient for the

patients and helps to prevent the fatigue of examiners[149].

Kellesarian et al. proposed two possible mechanisms to explain the association of poor
periodontal status and male infertility [71]; the first being that chronic periodontitis can cause
an increased bacteria load, resulting in bacteriospermia which could lead to reduced sperm
viability and motility. In contrast, the second proposed mechanism implies that the
inflammatory cytokines associated with chronic periodontitis cause a chronic systemic
inflammatory state, resulting in sperm apoptosis and lower sperm count [71]. Furthermore, in
a study performed in 2010, the link between poor oral health in men was found to be
associated with sperm count [150]. They have found that oligospermia (low sperm count) and
azoopermia (a lack of sperm in the gaculate) were often present in men with poor oral
hygiene. They theorized that TNF-a caused testicular dysfunction, which lead to sperm
apoptosis. Overdl, further research has to be conducted, in order to confirm the true
correlation between periodontal disease and MFI, as well as to establish the extent of the

relationship.

There are severa lifestyle factors, which may adversely influence periodontal health
and andrologic parameters simultaneously, however, smoking is one of the most common
harmful habit. It is one of the main risk factors for periodontal diseases and it can also know
to have a negative impact of fertility [151]. Tobacco exposure has detrimental effects on
sperm production, motility [152,153], and sperm DNA damage as it was demonstrated [154].
In our study population, 27.4% of patients smoked at the time of enrollment, although there
was no significant difference in the proportion of smokers between the study groups. Based
on previous results, smoking cessation improves both periodontal health [155] and has
beneficia effects on sperm parameters [156], thus patients should be strongly advised to quit

smoking.
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Some possible pathomechanisms have emerged as to how periodontal inflammation
influences semen quality. In a previous study, correlation was suggested between antibiotic
resistant bacteriospermia and the bacterial colonies of dental foci as a result of bacteraemia
from the ora cavity [81]. After dental treatment, bacteriospermia was eliminated and the
sperm parameters improved compared to the control group. In contrast, later it was
demonstrated there was no association between the presence of bacteriain semen and sperm
parameters [150]. Hence, in our study plan, bacteriospermia was not investigated. Pathogens
can cause remote pathogenic effect not only by direct action via bacteraemia, but also by an
elevation in several cytokines in systemic circulation [157]. With the increase in cytokine
levels, periodontal disease may trigger C-reactive protein production in the liver [158,159]. It
is shown that similar inflammatory molecules play an important role in the regulation of
blood-testis barrier affecting the function of Sertoli cells, while TNF-a, TGF-$ and IL-1 can
perturb the dynamics of the blood-test barrier [160,161]. In addition, IL-6-levels alternate
blood-testis barrier function by inhibiting protein degradation [162]. It is noteworthy, that
systemic inflammatory markers are not specific to periodontal disease, as it may reflect
inflammation from any and all sources or anatomical regions, it is difficult to determine the
contribution of periodontitis. Eberhard et al. [163] found a systemic increase in inflammatory
markers, while in contrast, a study by Kinane et al. [164] did not demonstrate a similar
correlation between short-term experimentally-induced gingivitis, bacteraemia and systemic
cytokine levels. In any case, our results suggest, that gingivitis/periodontitis has no remote
effect on sperm production and sperm parameters, as poor oral hygiene showed no relevant
relationship with the adverse sperm parameters in idiopathic infertility. The differences
between our results and those of previously published [76,140] could vary due to the more

strict diagnostic criteriafor periodontal conditions and pathospermias observed in our study.
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VIIT. NEW FINDINGS

A. Caries experience and oral hygiene among children and adolescents in light of
secretor status. In the studied sample, 73.0% of participants were secretors, around 40% of
participants were caries-free. Girls between 6-12 years exhibited significantly better ora
hygiene practices based on the OHI-S measurement in the mixed dentition group. The
association between OHI-S and dmf-t/DMF-T parameters was only significant in participants

with permanent dentition.

B. Assessment of the effects of secretor status on caries experience: There were no
statistically significant differences in dmf-t/DMF-T status between secretors and non-
secretors in permanent dentition, a significant protective effect was shown for secretors in

mixed dentition. Power analyses releveled a high statistical power for our sample.

C. Seminal analysis of samples from adult male patients with idiopathic male infertility:
Out of the ninety-five participantsin our sample, n=63 (66.3%) of the patients had at least one
type of sperm parameter disorder detected.

D. Connection between periodontal status and idiopathic male infertility: Poor
periodontal status did not show any significant association with any of the sperm
abnormalities (crypto-, astheno- and oligozoospermia) and did not correlate significantly with
any of the sperm parameters, as compared to controls. Men with asthenozoospermia in our
sample had the lowest levels of bleeding on probing ((BOP) among all subgroups.
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IX. SUMMARY

ABO blood group antigen (ABGA) secretion into the saliva and other body fluidsis
awell-known phenomenon and there is evidence to suggest a link between secretor status and
the appearance of caries. It has been proposed that secretion of these antigens into the saliva
might be caries-preventive, however, this proposition is still a matter of debate. 30% of male
infertility cases remain unexplained despite thorough investigation. In previous studies, a
positive correlation was found between deep periodontal pockets and sperm sub-motility
indicating that periodontitis might have a possible contributing role in idiopathic
pathospermia. Our am was to examine the relationship between caries experience and
secretor status in a group of Hungarian children and adolescents, in addition, to evaluate the
possible correlation between the periodontal infection parameters and sperm analysis results
of men with idiopathic infertility. Altogether 130 children and adolescents participated in the
study (aged 6-18 years). Participants were divided into two groups according to dentition (i.e.
mixed and permanent). ABGASs were determined from saliva. The DMF-T and dmf-t indices
were calculated, as well as OHI-S indices. Association of these indices with secretor status
was examined. In mixed dentition, the mean dmf-t values were significantly lower in the
secretor group (2.1 £ 0.52 SEM), as compared to the non-secretor group (3.8 + 0.93 SEM;
p<0.05, MWU).

Semen quality and periodontal status of patients were analyzed for 95 otherwise healthy men
attended the Andrology Unit for sperm analysis. Half of the patients had poor periodontal
status in the sperm pathology and in the normozoospermia groups (50.8% and 50%,
respectively). 38% were diagnosed with oligozoospermia, while 28% had asthenozoospermia,
16% had cryptozoospermia, while 15% of cases were classified as normozoospermic.
Pathospermia categorization was not a distinguishable factor for the frequency of deep
periodontal pockets or calculus. Bleeding on probing tended to be significantly lower in
asthenozoospermia compared to normozoospermia. Poor periodontal status did not
demonstrate association with any pathospermia categories or with semen pathology
parameters.

The finding that children of mixed dentition are apparently better protected against caries
suggests that the assumed protective effect might be associated with deciduous teeth; but
given the general paucity of knowledge about this topic, further research is indicated. Our
findings suggested that pathospermia or poor semen quality was not associated with

periodontal infectionsin men with idiopathic infertility.
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X.OSSZEFOGLALO

Az ABO vércsoport-antigén (ABGA) szekrécigja a nydlba és més testfolyadékokba
kozismert jelenség és szdmos tanulmany utal arra, hogy kapcsolat feltételezheté a
szekrécios stétusz és a fogszuvasodas prevalenciga kozott. Egyes tanulmanyok szerint
antigéneknek nydba torténd kivaasztasa protektiv lehet a fogszuvasodés kialakulasaval
szemben, azonban a pontos mechanizmus még mindig vita targyat képezi. A férfi
meddoség kivaltd oka az esetek kb. 30%-dban ismeretlen marad az alapos kivizsgaas
ellenére. A kordbbi vizsgdatokban pozitiv korrelaciot taldtak a fogagybetegségek és a
spermiumok motilitasa kozott, jelezvén, hogy a parodontitis esetlegesen hozzgérulhat az
idiopatias patospermidhoz. Célunk az volt, hogy megvizsgajuk a caries kialakuldsa és a
szekrécios stétusz kozotti kapcsolatot gyermek és serdiilé populécidban, illetve, hogy
megvizsgdjuk a parodontitis és az idiopétias férfi meddéség |ehetséges Gsszefliggését
sperma analizisen keresztill. Osszesen 130 gyermek vagy serdiild (6-18 éves kor) fiatalt
vontunk be az elsd vizsgdlatba. A résztvevoket a fogzas szerint két csoportra osztottuk
(vegyes és dlandd). Az ABGA-stétuszt nyalbdl hataroztuk meg. Kiszamitottuk a DMF-T
és a dmf-t indexeket, vaamint az OHI-S indexet. Megvizsgatuk ezen indexek caries
statusszal vald osszefliggését. Vegyes fogzasban az atlagos dmf-t értékek szignifikansan
alacsonyabbak voltak a szekréciés csoportban (2,1 + 0,52), mint a nem szekretor
csoportban (3,8 + 0,93; p < 0,05, MWU). A betegek spermaminéségét és periodontdlis
dlapotat n=95 férfi bevondsaval elemeztik. A betegek felének rossz parodontdlis statusza
volt a patol 6gias sperma-paraméterekkel és a normozoospermia csoportban (50,8%, illetve
50%). 38%-nal diagnosztizaltunk oligozoospermiét, 28%-na asthenozoospermiét, 16%-nal
kriptozoospermiét, mig az esetek 15%-a normozoospermiaskentlett besorolva. A
patospermia kategoridk kozott nem volt megkillonboztethetd tényezé a parodontélis
tasskok mélysége vagy a fogké gyakorisaga szempontjabdl. Az inyvérzési index
szignifikansan alacsonyabb volt asthenozoospermia esetében, mint a normozoospermias
csoportban. A rossz parodontalis dllapot nem mutatott Gsszefliggést egyetlen patospermia-
kategoridval, sem egyetlen patol gias sperma-paraméterrel sem. A vegyes fogzés stétuszi
gyermekek jelentésen védettnek bizonyultak a szuvasodas ellen, ami arra utal, hogy a
feltételezett védohatds Osszefliggést mutathat a tejfogakkal; de tekintettel a téméval
kapcsolatos kozlemények daltaldnos hidnydra, tovabbi vizsgdatokra van szikseg.

Eredményeink arra utaltak, hogy a patospermia vagy az alacsony spermaminéség nem volt
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Osszefliggésben az idiopdthids meddéséggel diagnosztizalt férfibetegek parodontalis
statuszéval.
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Abstract: About 30% of male infertility cases are
idiopathic. Previous studies reported a positive
correlation between deep periodontal pockets and
sperm sub-motility, which suggests that periodontitis
might have a role in idiopathic semen abnormality
pathospermia. We evaluated correlations between
periodontal infection parameters and the results
of sperm analysis of men with idiopathic infertility.
In this observational study, semen quality and peri-
odontal status were analyzed for 95 otherwise healthy
men attending an andrology unit for sperm analysis.
Half the men in the sperm pathology and normozoo-
spermia groups (50.8% and 50%, respectively) had
poor periodontal status. Among the 95 participants,
38% had oligozoospermia, 28% had asthenozoo-
spermia, 16 % had cryptozoospermia, and 15% were
classified as normozoospermic. Sperm pathology
category was not associated with frequency of deep
periodontal pockets or calculus. Bleeding on probing
was significantly lower among men with asthenozoo-
spermia than among those with normozoospermia.
Poor periodontal status was not associated with any
sperm pathology category or parameter. In contrast
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with previous findings, the present results indicate
that pathospermia and poor semen quality are not
associated with periodontal infection in men with
idiopathic infertility. (J Oral Sci 58, 247-253, 2016)

Keywords: idiopathic male infertility; pathospermia;
periodontal status; periodontitis.

Introduction

Gingivitis and chronic periodontitis are common chronic
diseases in adults worldwide (1-3). Poor dental health
can adversely affect a number of systemic conditions and
diseases, such as cardiovascular diseases (4), diabetes
(5), respiratory diseases (6), and inflammatory bowel
diseases (7), and can even lead to preterm delivery (8,9)
and systemic disease (10-12). However, the associations
between periodontal disease and sperm abnormalities
have not been adequately investigated.

The estimated prevalence of infertility among couples
of reproductive age is 15% (13), and almost half of such
cases are attributable to disturbances in male fertility
(14). Although the causes of male infertility have been
extensively investigated, 25% of male infertility cases
are idiopathic (14). Periodontitis might have a role
in subfertility (15). A direct causal relationship was
suspected between bacterial colonies in dental foci and
therapy-resistant bacteriospermia (15). Furthermore,
other studies reported a positive correlation between
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deep periodontal pockets and sperm submotility (16).
However, no previous study focused on men with idio-
pathic infertility. Hence, we investigated the relationship
between periodontal status and spermiogram parameters
in men with idiopathic infertility.

Materials and Methods

Male patients seeking infertility evaluation were recruited
at the Andrology Outpatient Clinic in the Department of
Obstetrics and Gynaecology of the University of Szeged,
Hungary, between 1 October 2010 and 30 July 2013.
Sociodemographic data (age, place of residence, educa-
tion level, and profession) and information on lifestyle
factors (smoking, alcohol consumption, and drug abuse)
were collected via a self-reported questionnaire, followed
by andrological and periodontal examinations.

Semen collection and analysis

Semen was analyzed and classified according to the
World Health Organization (WHO) criteria (17). After
3-5 days of abstinence, semen samples were obtained
by masturbation and ejaculation into glass containers
in a private room close to the laboratory. The samples
were handled at room temperature (22-25°C), and semen
analysis began within 1 h after ejaculation. Sperm
concentration, total sperm count, total sperm motility,
and progressive and nonprogressive motility were
assessed with phase-contrast optics at x200 magnifica-
tion in a Makler counting chamber (FertiCAD Kft.,
Budapest, Hungary), as described in the WHO laboratory
manual for the examination of human semen (17). Sperm
morphology was determined at x1,000 magnification
with oil immersion after Diff-Quik staining (Diff-Quik
Staining Set, Medion Diagnostics AG, Diidingen,
Switzerland). Progressive motility was specified as
the proportion of actively moving spermatozoa. Non-
progressive motility was defined as the percentage of
moving spermatozoa with no evidence of progression.
Total motility was the sum of progressive and non-
progressive motility. Normozoospermia was classified
as a normal ejaculation, as defined by WHO reference
values, namely, a sperm cell concentration of 15 x 10%/mL
or greater, a total sperm count of 39 x 10° per ejaculate
or greater, total motility of at least 40%, and progres-
sive motility of 32% or greater. Cryptozoospermia was
diagnosed when spermatozoa were absent from a fresh
preparation but were observed in a centrifuged pellet.
Teratozoospermia was diagnosed when the proportion of
sperm cells with normal morphology was less than 4%.
In cases of oligozoospermia (sperm concentration <15
x 10%mL) and asthenozoospermia (progressive motility

<32%), a blood sample was collected for measurement
of hormone levels, and an ultrasound examination of
the testes was performed. When sperm concentration
was less than 1 x 10%mL, screening for karyotyping and
azoospermia factor microdeletion of the Y chromosome
(AZFa/sY84,86/; AZFb /sY127,134/; AZFc /sY254,255/
regions) was also performed.

Only men with idiopathic infertility were enrolled
in the study. Men were excluded from the study if they
had a varicocele or testicular microlithiasis (confirmed
by ultrasound examination), hypogonadism (verified by
hormonal measurements), a genetic disorder (determined
by chromosome analysis or molecular genetic investiga-
tions), or symptoms of genital infection. Patients with
azoospermia (no spermatozoa in ejaculate) were also
excluded because of the possibility of seminal duct
obstruction or serious testicular abnormality.

Periodontal examination
Where it was impossible to measure probing depth
(PD), wisdom teeth and radices were excluded from
periodontal charting. The amount of plaque was recorded
on a 0 to 3 scale on the “Ramfjord teeth” (#16, 21, 24, 36,
41, and 44) (18) at four surfaces per tooth, according to
the criteria developed by Silness and Loe (19). If a Ramf-
jord tooth was missing, the adjacent molar, premolar, or
central incisor was examined. PD was measured at six
sites on each tooth (mesiobuccal, midbuccal, distobuccal,
mesiolingual, midlingual, and distolingual) with a
millimeter-scale Michigan periodontal probe (Hu-Friedy,
Chicago, IL, USA). PD values were recorded in millime-
ters and rounded down to the nearest whole millimeter.
Sulcus bleeding on probing (BOP) was classified as posi-
tive if bleeding occurred within 15 s after probing at any
tooth site. Dental calculus was recorded dichotomously
as present or absent. The number of missing teeth was
also recorded. Poor periodontal status was defined as a
probing depth of >4 mm for at least at one tooth site and
BOP at 50% or more of teeth (8). Periodontal examina-
tion was repeated for 10 patients after an interval of 30
min, and the intraclass correlation coefficient was 0.90.
The dental characteristics of the oligozoospermia,
asthenozoospermia, cryptozoospermia, and sperm
pathology (men with any sperm abnormality) groups
were compared with those of normozoospermic men
(control group). Patients with oligo-asthenozoospermia
were included in both the oligozoospermic and asthe-
nozoospermic groups. The dentist was blinded to the
andrological status of patients. All dental examinations
were performed by one of two authors (M.R. and K.K.),
both of whom are experienced in periodontal charting.
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Table 1 Characteristics of men with idiopathic male infertility treated at the Department of
Obstetrics and Gynecology, University of Szeged (1 October 2010 through 30 July 2013)

Age n =95 (100%)
Mean 35.1 £ 5.7 years
Minimum 23.9 years
Maximum 52.1 years
Place of residence n =295 (100%)
City 74 (77.9%)
Village 21 (22.1%)
Educational level n =295 (100%)
Primary school 1(1.1%)
Technical school 28 (29.5%)
Grammar school General secondary school 33 (34.7%)
Higher education 33 (34.7%)
Occupation n =95 (100%)
Unemployed 2 (2.1%)
Manual worker 41 (43.1%)
Other 23 (24.2%)
Intellectual White-collar worker 29 (30.7%)
Smoking n =95 (100%)
No 69 (72.6%)
Yes 26 (27.4%)
5 cigarettes/day 10 (10.5%)
10 cigarettes/day 10 (10.5%)
20 cigarettes/day 6 (6.3%)
Past smoking 44 (46.3%)
Quit >5 years before 13 (13.7%)
BMI
>30 16 (16.8%)
<30 79 (83.2%)

Data are presented as number (%), unless otherwise indicated.

The study protocol was approved by the Regional and
Institutional Human Medical Biological Research Ethics
Committee of the University of Szeged, Hungary, in 2010
(Protocol No. 97/2010). Informed consent was obtained
from all study participants.

Statistical analyses

Statistical analyses were performed with the SPSS for
Windows program, Version 15 (SPSS Inc., Chicago, IL,
USA). The Kolmogorov-Smirnov test confirmed that
data for our study samples were not normally distributed.
Continuous variables were expressed as mean + SD.
The Mann-Whitney U test was used for comparison of
continuous variables, depending on case-control status
(pathospermia vs. normal cases; poor periodontal status
vs. healthy periodontium). Univariate comparisons of
categorical variables were done with the y* test. The
correlation between the sperm parameters and total
number of teeth was determined by using Spearman rank
correlations. Statistical significance was defined as a
two-sided P value of 0.05 or lower. Repeatability of the
periodontal examination was assessed using intraclass
correlation coefficients. Odds ratios for continuous vari-
ables were evaluated by univariate logistic regression
and were adjusted for confounding factors (age, smoking

status, and body mass index) in multiple logistic regres-
sion analysis.

Results

During the study period, 95 men were consecutively
recruited into the study. Their sociodemographic char-
acteristics are summarized in Table 1. The average age
of the participants was 35.1 years (range: 23-51 years).
Overall, 26 men (27.4%) smoked and 16.8% were obese,
and 36 (37.9%) were oligozoospermic and 27 (28.4%)
were asthenozoospermic (15 patients had both disorders).
Cryptozoospermia was diagnosed in 15 (15.8%) of the
men, and 32 (33.7%) men were normozoospermic. Some
type of sperm abnormality was noted in 63 (66.3%) men.
Teratozoospermia was diagnosed in five men (5.2%).

Periodontal examination results were analyzed in rela-
tion to spermiogram group (Table 2). The mean plaque
index was 0.69 in the sperm pathology group and 0.63
in the control group. Among men with any type of sperm
abnormality, average PD was 2.19 mm and BOP was
observed at 55.5% of teeth; in normozoospermic men the
respective values were 1.99 mm and 53.9%. A PD of >4
mm was more frequent in men with a sperm abnormality
than in the control group, although the difference was
not significant (44 [69.8%] vs. 18 [56.3%]). Sixty-two
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Table 2 Dental characteristics of men with idiopathic male infertility, according to sperm pathology, treated at the Department of Obstetrics
and Gynecology, University of Szeged (1 October 2010 through 30 July 2013)

Zof)?[’)z:r;ia P value OR AOR z:;:g::r:-la P value OR AOR Oclrls?;?: ’ P value OR AOR ‘::3"};1';:";;' P value OR AOR zn]:])::;(r)n-ia

§ 9 9 s 9 9 S 9 9 9 9 S

(=15 (95% CI) ~ (95% CTI) (n=27) (95% CI) ~ (95% CI) (1=36) (95% CI) ~ (95% CI) (n=63) (95% CI) ~ (95% CI) (n=32)

Plaque score 0.66 040  0.46 1.32 2.39 0.59+042 0.79 0.85 0.98 0.73+£043  0.13 1.70 2.03 0.69+042 023 1.43 1.94 0.59 +0.55
(0.39-4.39) (0.55-10.45) (0.30-2.46) (0.31-3.06) (0.62-4.66) (0.68-6.12) (0.56-3.66) (0.68-5.48)

PD (mm) 220£0.63  0.72 1.03 1.04 1.96+£0.73 0.1 0.58 0.55 1.90+£0.58  0.07 0.44 0.39 1.99+0.68 0.17 0.64 0.61 2.19£0.61
(0.37-2.82) (0.32-3.38) (0.25-1.32) (0.23-1.31) (0.18-1.04)  (0.1-0.98) (0.33-1.22) (0.31-1.20)

PD >4 mm 10(66.7%)  0.50 1.56 2.28 21(778%)  0.08 2.72 3.07 25(69.4%)  0.26 1.77 1.82 44 (69.8%)  0.19 1.80 1.89 18 (56.3%)

(n (%)) (0.43-5.60) (0.46-11.23) (0.87-8.55) (0.87-10.91) (0.65-4.78)  (0.64-5.19) (0.75-4.35) (0.74-4.83)

Average number 1587 +£22.41 0.50 1.01 1.01 10.56 +21.57 0.98 0.99 0.99 7.86+ 1441  0.54 0.98 0.97 11.17+20.25 0.66 0.99 0.99 13.97 £ 19.59

of PD >4 mm (0.98-1.04) (0.97-1.04) (0.97-1.02) (0.96-1.02) (0.95-1.01) (0.94-1.01) (0.97-1.01) (0.97-1.01)

Frequency of 20.87+18.71 0.42 0.99 0.99 28.87+26.34 0.62 1.00 1.00 26.29+20.89 0.70 0.99 1.00 26.85+22.80 0.73 1.00 1.00 26.87 +24.84

calculus/teeth (%) (0.96-1.02) (0.96-1.03) (0.98-1.02) (0.98-1.03) (0.98-1.02) (0.98-1.02) (0.98-1.02) (0.98-1.02)

Frequency of 11(73.3%) 024 0.39 0.49 20(74.1%)  0.32 0.41 0.49 28(77.8%)  0.35 0.50 0.61 49 (77.8%)  0.41 0.50 0.61 28 (87.5%)

calculus (1 (%)) (0.08-1.85) (0.08-2.98) (0.10-1.58)  (0.12-2.04) (0.14-1.85) (0.16-2.36) (0.15-1.67) (0.17-2.13)

Missing teeth 340+3.16 086 1.00 0.90 3.67+3.04 072 1.03 0.97 3.78+3.44  0.76 1.04 1.01 348+3.15 095 1.01 0.97 3.38+£2.95
(0.82-1.23) (0.67-1.22) (0.87-1.23) (0.80-1.19) (0.89-1.21) (0.84-1.21) (0.88-1.16) (0.81-1.15)

Frequency of 17.33+£7.95 021 1.05 1.04 10.37+7.73  0.046 0.94 0.93 11.69+£7.53  0.14 0.96 0.94 13.17+£8.07 0.44 0.98 0.97 1422+8.13

BOP/teeth (%) (0.97-1.14)  (0.94-1.14) (0.88-1.01) (0.87-1.00) (0.90-1.02) (0.88-1.01) (0.93-1.04) (0.91-1.03)

Frequency of 63.27+30.89 0.46 1.01 1.01 52.04+29.39 057 0.99 1.00 48.00+30.43 0.29 0.99 0.99 53.90+30.40 0.74 1.00 1.00 55.47+34.63

BOP (%) (0.99-1.03) (0.99-1.03) (0.98-1.01) (0.98-1.01) (0.98-1.01) (0.98-1.01) (0.98-1.01) (0.98-1.01)

Frequency of BOP 10 (66.7%)  1.00 1.20 1.19 14(51.9%)  0.44 0.65 0.58 17(472%) 023 0.54 0.48 35(55.6%)  0.66 0.75 0.70 20 (62.5%)

=>50% (n (%)) (0.33-4.36) (0.26-5.49) (0.23-1.83) (0.19-1.77) (0.20-1.42) (0.17-1.36) (0.3-1.79)  (0.28-1.76)

Frequency of 7 (46.7%) 0.55 1.13 1.09 11(40.7%)  1.00 0.88 0.74 14 (38.9%) 081 0.82 0.62 26(41.3%) 10.83 0.90 0.81 14 (43.8%)

BOP >50% + PD (0.33-3.86) (0.26-4.62) (0.31-2.49) (0.24-2.28) (0.31-2.15) (0.22-1.78) (0.38-2.14) (0.33-2.00)

>4 mm (n (%))

Data from all sperm pathology groups were compared with those from the normozoospermia group (the controls). P values were calculated with the Mann-Whitney U test, for continuous variables (expressed as mean + SD), and differences
between categorical variables, expressed as number (n) and rate (%), were assessed by the y* test. Odds ratios for continuous variables were estimated by univariate logistic regression, and adjusted odds ratios were calculated by multiple

logistic regression adjusted for age, smoking status, and body mass index. Statistical significance was defined as a two-sided P value of 0.05 or lower.

(A)OR: (adjusted) odds ratio; 95% CI: 95% confidence interval; PD: probing depth; BOP: bleeding on probing.

men had a probing depth >4 mm and 15 had a probing
depth >6 mm. Thus, two-thirds of participants had deep
pockets and almost one-sixth had very deep pockets.
In addition, the frequency of poor periodontal status,
defined as concomitant bleeding on probing at >50% of
teeth and presence of at least one tooth with a PD >4
mm (POB >50% + PD >4 mm in Table 2) was similar in
the sperm pathology group and normozoospermia groups
(50.8% and 50%, respectively). Almost all periodontal
characteristics studied did not significantly differ between
the controls and any spermiogram group (i.e., men with
diagnoses of crypto-, astheno-, or oligozoospermia).
Surprisingly, BOP per tooth was significantly lower
among men with asthenozoospermia, as compared with
the other groups. In addition, teratozoospermia was not
significantly associated with adverse periodontal status
(data not shown in tables). Poor periodontal status was
not significantly associated with any sperm abnormality
or sperm parameter (Table 3).

Discussion
We found no correlation between poor periodontal status
and any form of idiopathic pathozoospermia in the
present study. Poor periodontal status had no significant
effect on semen quality. Two previous studies reported
evidence of a possible connection between periodontal
characteristics and sperm pathology (16,20). Klinger
et al. (16) investigated 75 men attending an in vitro
fertilization clinic. Deep periodontal pockets and clinical
attachment loss were significantly correlated with sperm

submotility. However, there was no such correlation with
oligozoospermia or normozoospermia. A similar study,
by Nwhator et al. (20), investigated 76 infertile men
and found a significant association between deeper peri-
odontal pockets and suboptimal sperm count in men aged
33-38 years, and a correlation between poor oral hygiene
and low sperm concentration. However, there was no
correlation between oral health and sperm motility. It is
important to note that neither study screened potential
participants on the basis of cause of infertility (16,20).
In addition, spermiogram results were categorized by
using earlier reference values for human semen analysis,
which were subsequently revised in 2010 (17). Thus, it
is difficult to draw conclusions from these conflicting
results on associations of chronic gingivitis/periodontitis
with male infertility.

Because the duration of spermatogenesis (i.e., from
spermatogonium to spermatozoa production) is 74 days
in humans (21), we did not assess clinical attachment
loss (CAL) in our study. CAL mainly reflects previous
periodontal processes and may have a noninfectious
cause (e.g., unsatisfactory tooth brushing technique). In
addition, not all gingivitis sites develop CAL (22). Our
statistical analyses included BOP and PD as the main
periodontal parameters. The selection of these variables
was based on the design of previous studies. BOP is a
known marker of periodontal inflammation (23-25).
A PD >4 mm is considered “critical probing depth”
(26), while lesser PD values are regarded as normal
(27). Moreover, BOP and PD are significant factors in
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Table 3 Periodontal status and sperm parameters of men with idiopathic male infertility treated at the Department of Obstetrics and
Gynecology, University of Szeged (1 October 2010 through 30 July 2013)

Poor periodontal status

Healthy periodontium

OR
p (n=48) 7 . (n=47) o P value (95% CI)

Cryptozoospermia 9/27 333 6/20 30.0 1.00 1.17
(0.33-4.06)

Asthenozoospermia 11/29 37.9 16/30 53.3 0.299 0.53
(0.19-1.51)

Oligozoospermia 15/33 45.5 21/35 60.0 0.33 0.56
(0.21-1.46)

Any sperm pathology 30/48 62.5 33/47 70.2 0.516 0.707
(0.30-1.66)

Normal morphology (%) (mean + SD) 50.06 + 19.42 49.71 £13.13 0.599

Motility (%) (mean + SD) 51.56 +22.90 50.33 +18.40 0.484

Progressive motility (%) (mean + SD) 47.41 £23.17 46.23 +£18.94 0.570

Nonprogressive motility (%) (mean + SD) 4.95+4.96 3.82+3.34 0.133

Sperm concentration 48.36 +48.59 44.612 +47.02 0.899

Total sperm number (concentration X semen 175.70 = 190.82 202.97 £ 231.52 0.470

volume) (millions)

P values were calculated with the Mann-Whitney U test, for continuous variables (expressed as mean + SD), and differences between categorical variables,
expressed as number (1) and rate (%), were assessed by the %’ test. Statistical significance was defined as a two-sided P value of 0.05 or lower.

95% CI: 95% confidence interval.

assessing the risk of periodontitis recurrence and activity
(24). In this study, we elected to record plaque amount on
the Ramfjord teeth only, as Loe and colleagues reported
that plaque is not the only factor associated with progres-
sion of chronic periodontitis (28). In their study, most
patients (81%) exhibited only moderate progression,
despite poor plaque control and gingival inflammation
in all participants. Moreover, the present partial-mouth
examination reduced examination time, which increased
patient convenience and reduced examiner fatigue (29).
Data for other variable were collected under full-mouth
conditions.

Smoking is one of the most common lifestyle factors
that adversely affects periodontal and andrological char-
acteristics. It is a main risk factor for periodontal disease
(30) and may have a negative impact on fertility. Tobacco
exposure has a detrimental effect on sperm production and
motility (31,32) and induces sperm DNA damage (33). In
our study sample, 27.4% of patients were smokers, but
there was no significant difference in the proportion of
smokers between study groups. Previous studies found
that smoking cessation improves periodontal health (34)
and has beneficial effects on sperm characteristics (35);
thus, patients should be strongly advised to quit smoking.

A number of pathological mechanisms by which peri-
odontal inflammation affects semen quality have been
proposed. A previous study found a correlation between
antibiotic-resistant bacteriospermia and presence of focal
dental bacterial colonies resulting from bacteriemia in
the oral cavity (15). Bacteriospermia was eliminated by

dental treatment, and post-treatment sperm parameters
were better than those in a control group. In contrast,
another study found no association between presence
of bacteria in semen and sperm parameters (36). Hence,
bacteriospermia was not investigated in our research.
Pathogens can cause a remote pathogenic effect by
direct action via bacteriemia and by inducing production
of several circulating cytokines (37). Increased levels
of circulating cytokines, caused by periodontal disease,
can trigger C-reactive protein production in the liver
(38,39). Similar inflammatory molecules are important
in regulating the blood-testis barrier, which affects the
function of Sertoli cells. Tumor necrosis factor-alpha,
transforming growth factor-B3 (40), and interleukin-1
can disturb blood-testis barrier dynamics (41). Inter-
leukin-6 alters blood-testis barrier function by inhibiting
protein degradation (42). It should be noted however that
because systemic inflammatory markers are not specific
to periodontal disease and reflect inflammation from all
sources, it is difficult to determine the specific effects
of periodontitis. Eberhard et al. (43) found a systemic
increase in inflammatory markers, while a recent study
by Kinane et al. (44) did not show a similar correlation
between short-term experimentally induced gingivitis,
bacteriemia, and systemic cytokine levels. In any case,
our results indicate that poor periodontal status has no
remote effect on sperm production or sperm parameters,
since poor oral hygiene did not appear to be linked to
adverse sperm parameters in idiopathic infertility. The
differences between past (16,20) and present findings
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might be attributable to the stricter diagnostic criteria
used for periodontal conditions and pathospermia in our
study.

Because some evidence supports a link between inflam-
matory molecular mechanisms and the pathological
profile of spermiograms, it was logical to examine the
potential association between periodontal status in infer-
tile men and the results of sperm analysis. In conclusion,
although there is a connection between male infertility
and other oral pathologies, poor periodontal status was
not associated with infertility among men without genital
infections or other apparent causes of infertility.

Acknowledgments
The authors would like to express their gratitude to Dr. Krisztina
Boda, for her invaluable advice concerning the statistical evalu-
ation of the data, and to nurses Zsuzsanna Szél, Krisztina Bella,
Maria Kiss Juhaszné, Eva Kiss, and Lenke Varnyt, who assisted
with patient management and administration.

Conflicts of interest and source of funding statement

The authors declare that there was no institutional, private, or
corporate financial support for the present study. No external
funding, apart from the support of the authors’ institution, was
available for this study.

References

1. Reich E (2001) Trends in caries and periodontal health epide-
miology in Europe. Int Dent J 51, 392-398.

2. Albandar JM, Rams TE (2002) Global epidemiology of
periodontal diseases: an overview. Periodontol 2000 29, 7-10.

3. Eke PI, Dye BA, Wei L, Thornton-Evans GO, Genco RJ
(2012) Prevalence of periodontitis in adults in the United
States: 2009 and 2010. J Dent Res 91, 914-920.

4. Kebschull M, Demmer RT, Papapanou PN (2010) “Gum
bug, leave my heart alone!”--epidemiologic and mechanistic
evidence linking periodontal infections and atherosclerosis. J
Dent Res 89, 879-902.

5. Saremi A, Nelson RG, Tulloch-Reid M, Hanson RL, Sievers
ML, Taylor GW et al. (2005) Periodontal disease and
mortality in type 2 diabetes. Diabetes Care 28, 27-32.

6. Azarpazhooh A, Leake JL (2006) Systematic review of the
association between respiratory diseases and oral health. J
Periodontol 77, 1465-1482.

7. Vavricka SR, Manser CN, Hediger S, Végelin M, Scharl M,
Biedermann L et al. (2013) Periodontitis and gingivitis in
inflammatory bowel disease: a case-control study. Inflamm
Bowel Dis 19, 2768-2777.

8. Radnai M, Gorz6 I, Urban E, Eller J, Novak T, Pal A (2006)
Possible association between mother’s periodontal status and
preterm delivery. J Clin Periodontol 33, 791-796.

9. Chambrone L, Guglielmetti MR, Pannuti CM, Chambrone
LA (2011) Evidence grade associating periodontitis to

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

preterm birth and/or low birth weight: 1. A systematic review
of prospective cohort studies. J Clin Periodontol 38, 795-808.
Seymour GJ, Ford PJ, Cullinan MP, Leishman S, Yamazaki
K (2007) Relationship between periodontal infections and
systemic disease. Clin Microbiol Infect 13, Suppl 4, 3-10.
Otomo-Corgel J, Pucher JJ, Rethman MP, Reynolds MA
(2012) State of the science: chronic periodontitis and systemic
health. J Evid Based Dent Pract 12, 20-28.

Tonetti MS, Van Dyke TE (2013) Periodontitis and athero-
sclerotic cardiovascular disease: consensus report of the Joint
EFP/AAP Workshop on Periodontitis and Systemic Diseases.
J Periodontol 84, S24-29.

Juul S, Karmaus W, Olsen J (1999) Regional differences in
waiting time to pregnancy: pregnancy-based surveys from
Denmark, France, Germany, Italy and Sweden. Hum Reprod
14, 1250-1254.

Jung JH, Seo JT (2014) Empirical medical therapy in idio-
pathic male infertility: promise or panacea? Clin Exp Reprod
Med 41, 108-114.

Bieniek KW, Riedel HH (1993) Bacterial foci in the teeth,
oral cavity, and jaw--secondary effects (remote action) of
bacterial colonies with respect to bacteriospermia and subfer-
tility in males. Andrologia 25, 159-162.

Klinger A, Hain B, Yaffe H, Schonberger O (2011) Periodontal
status of males attending an in vitro fertilization clinic. J Clin
Periodontol 38, 542-546.

World Health Organization (2010) WHO laboratory manual
for the examination and processing of human semen. 5th ed,
WHO Press, Geneve.

Ramfjord SP (1959) Indices for prevalence and incidence of
periodontal disease. J Periodontol 30, 51-59.

Silness J, Loe H (1964) Periodontal disease in pregnancy. II.
Correlation between oral hygiene and periodontal condition.
Acta Odontol Scand 22, 121-135.

Nwhator SO, Umeizudike KA, Ayanbadejo PO, Opeodu OI,
Olamijulo JA, Sorsa T (2014) Another reason for impeccable
oral hygiene: oral hygiene-sperm count link. J] Contemp Dent
Pract 15, 352-358.

Amann RP (2008) The cycle of the seminiferous epithelium
in humans: a need to revisit? J Androl 29, 469-487.
Armitage GC, Research, Science and Therapy Committee of
the American Academy of Periodontology (2003) Diagnosis
of periodontal diseases. J Periodontol 74, 1237-1247.

Lang NP, Joss A, Orsanic T, Gusberti FA, Siegrist BE (1986)
Bleeding on probing. A predictor for the progression of peri-
odontal disease? J Clin Periodontol 13, 590-596.

Lang NP, Tonetti MS (2003) Periodontal risk assessment
(PRA) for patients in supportive periodontal therapy (SPT).
Oral Health Prev Dent 1, 7-16.

Radnai M, Pal A, Novak T, Urban E, Eller J, Gorzo I (2009)
Benefits of periodontal therapy when preterm birth threatens.
J Dent Res 88, 280-284.
Lindhe J, Socransky SS, Nyman S, Haffajee AD, Westfelt E
(1982) “Critical probing depth” in periodontal therapy. J Clin
Periodontol 9, 323-336.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Listgarten MA (1980) Periodontal probing: what does it
mean? J Clin Periodontol 7, 165-176.

Loée H, Anerud A, Boysen H, Morrison E (1986) Natural
history of periodontal disease in man. Rapid, moderate and
no loss of attachment in Sri Lankan laborers 14 to 46 years of
age. J Clin Periodontol 13, 431-445.

Mumghamba EG, Pitiphat W, Matee MI, Simon E, Merchant
AT (2004) The usefulness of using Ramfjord teeth in
predicting periodontal status of a Tanzanian adult population.
J Clin Periodontol 31, 16-18.

Chrysanthakopoulos NA (2015) Risk factors for the progres-
sion of periodontal disease in a Greek adult population. J
Investig Clin Dent doi: 10.1111/jicd.12199.

Richthoff J, Elzanaty S, Rylander L, Hagmar L, Giwercman A
(2008) Association between tobacco exposure and reproduc-
tive parameters in adolescent males. Int J Androl 31, 31-39.
Lingappa HA, Govindashetty AM, Puttaveerachary AK,
Manchaiah S, Krishnamurthy A, Bashir S et al. (2015)
Evaluation of effect of cigarette smoking on vital seminal
parameters which influence fertility. J Clin Diagn Res 9,
EC13-15.

Potts RJ, Newbury CJ, Smith G, Notarianni LJ, Jefferies
TM (1999) Sperm chromatin damage associated with male
smoking. Mutat Res 423, 103-111.

Chambrone L, Preshaw PM, Rosa EF, Heasman PA, Romito
GA, Pannuti CM et al. (2013) Effects of smoking cessation
on the outcomes of non-surgical periodontal therapy: a
systematic review and individual patient data meta-analysis.
J Clin Periodontol 40, 607-615.

Santos EP, Lopez-Costa S, Chenlo P, Pugliese MN, Curi S,
Ariagno J et al. (2011) Impact of spontaneous smoking cessa-
tion on sperm quality: case report. Andrologia 43, 431-435.
Domes T, Lo KC, Grober ED, Mullen JB, Mazzulli T, Jarvi
K (2012) The incidence and effect of bacteriospermia and

37.

38.

39.

40.

41.

42.

43.

44.

253

elevated seminal leukocytes on semen parameters. Fertil
Steril 97, 1050-1055.

Cullinan MP, Seymour GJ (2013) Periodontal disease and
systemic illness: will the evidence ever be enough? Peri-
odontol 2000 62, 271-286.

Noack B, Genco RJ, Trevisan M, Grossi S, Zambon JJ, De
Nardin E (2001) Periodontal infections contribute to elevated
systemic C-reactive protein level. J Periodontol 72, 1221-
1227.

Paraskevas S, Huizinga JD, Loos BG (2008) A systematic
review and meta-analyses on C-reactive protein in relation to
periodontitis. J Clin Periodontol 35, 277-290.

Xia W, Wong EW, Mruk DD, Cheng CY (2009) TGF-p3
and TNF-a perturb blood-testis barrier (BTB) dynamics by
accelerating the clathrin-mediated endocytosis of integral
membrane proteins: a new concept of BTB regulation during
spermatogenesis. Dev Biol 327, 48-61.

Schell C, Albrecht M, Mayer C, Schwarzer JU, Frungieri MB,
Mayerhofer A (2008) Exploring human testicular peritubular
cells: identification of secretory products and regulation by
tumor necrosis factor-alpha. Endocrinology 149, 1678-1686.
Zhang H, Yin Y, Wang G, Liu Z, Liu L, Sun F (2014)
Interleukin-6 disrupts blood-testis barrier through inhibiting
protein degradation or activating phosphorylated ERK in
Sertoli cells. Sci Rep 4, 4260.

Eberhard J, Grote K, Luchtefeld M, Heuer W, Schuett H,
Divchev D et al. (2013) Experimental gingivitis induces
systemic inflammatory markers in young healthy individuals:
a single-subject interventional study. PLoS One 8, ¢55265.
Kinane DF, Zhang P, Benakanakere M, Singleton J, Biesbrock
A, Nonnenmacher C, He T (2015) Experimental gingivitis,
bacteremia and systemic biomarkers: a randomized clinical
trial. J Periodont Res 50, 864-869.






Original Paper

Caries Research

Caries Res 2014;48:179-185

DOI: 10.1159/000356851

Received: December 4, 2012
Accepted after revision: October 28, 2013
Published online: January 29, 2014

Caries and ABO Secretor Status in a
Hungarian Population of Children and
Adolescents: An Exploratory Study

K. Karpati® G.Braunitzer® J.Toldi¢ K.Turz6® K.Virag? W.T.Reiche®

Z.Rakonczay? K.NagyP®

2Department of Prosthodontics and Oral Biology and P Department of Oral Surgery, Faculty of Dentistry,
¢Department of Transfusiology and 9Department of Medical Physics and Informatics, Faculty of Medicine,
University of Szeged, Szeged, Hungary; ®Reiche und Partner Zahnmedizinisches Kompetenzzentrum, Wolfsburg,

Deutschland

Key Words
dmf-t/DMF-T - Mixed dentition - Salivary H-antigen
secretion

Abstract

ABO blood group antigen (ABGA) secretion into the saliva
and other body fluids is a well-known phenomenon, and
there is evidence to suggest a link between secretor status
and the appearance of caries. It has been proposed that se-
cretion of these antigens into the saliva might be caries-pre-
ventive, however, this proposition is still a matter of debate.
Our aim was to examine the relationship between caries ex-
perience and secretor status in a group of Hungarian chil-
dren and adolescents in a cross-sectional study. Altogether
130 children and adolescents participated in the study (aged
6-18 years). Participants were divided into two groups ac-
cording to dentition (i.e. mixed and permanent). ABGA were
determined from saliva. The DMF-T and dmf-t (decayed,
missing, and filled) indices were calculated, as well as the oral
health hygiene index-simplified plaque index. Association of
these indices with secretor status was examined. In mixed
dentition, the mean dmf-t values were significantly lower in
the secretor group (2.1 £ 0.52 SEM), as compared to the non-

secretor group (3.8 £ 0.93 SEM; p < 0.05, Mann-Whitney U
test). The finding that children of mixed dentition are appar-
ently better protected against caries suggests that the as-
sumed protective effect might be associated with deciduous
teeth, but given the general paucity of knowledge about this

topic, further research is indicated. ©2014 S. Karger AG, Basel

ABO blood group antigens (ABGA) are an integral
part of the red cell membrane, and are also expressed into
the body fluids. The ABO system, discovered by Land-
steiner [1901] in 1901, is based on the modifications of
the H antigen, a carbohydrate sequence, which, when
present on the surface of erythrocytes in its unmodified
form, codes the O type. The A, B and AB types are coded
by addition of a-N-acetylgalactosamine and a-D-
galactose to the H chain [Takizawa et al., 2000]. About
70-80% of the population secretes ABGA in the saliva
and other body fluids where these antigens are bound
primarily to mucins [Wolf and Taylor, 1964; Arneberg et
al., 1976; Vidas et al., 1999]. Based on whether an indi-
vidual secretes ABGA into body fluids, secretors and
nonsecretors are differentiated between, which is defined
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as secretor status. The secretor status depends on which
alleles for the Lewis antigen system the individual carries,
that is, an individual carrying the dominant Le and Se al-
leles will be a secretor [Grubb, 1948; Simmons et al.,
1951]. The percentage of secretors in Caucasian popula-
tions has been approximated at 80% [Wolf and Taylor,
1964]. As pointed out by Vidas et al. [1999], the secretor
status of a patient may possibly be a factor influencing
the development of systemic oral disease. According to
Demir et al. [2007], the ABO blood subgroups and the
Rh factor may constitute a risk factor in the development
of periodontal diseases. The authors found a relatively
higher percentage of A group patients in their gingivitis
group and a relatively higher percentage of O group pa-
tients in their periodontitis group. Other studies reached
different conclusions. For instance, it was found that the
prevalence of vaginal candidiasis was significantly higher
in nonsecretors [Kulkarni and Venkatesh, 2004]. Mc-
Govern et al. [2010] found the fucosyltransferase 2 non-
secretor status to be associated with Crohn’s disease.
Sakamoto et al. [1976] found no association between
DMEF (decayed, missing, and filled teeth) scores and ei-
ther f-glucuronidase inhibitor activity or secretor status.
A seminal Icelandic study suggested that blood group an-
tigens may interfere with the adherence of Streptococcus
mutans to teeth, thereby having a preventive effect against
caries [Holbrook and Blackwell, 1989]. Still other studies
revealed a connection between certain diseases and se-
cretor status, including myocardial infarction [Nydegger
et al., 2003], transitional cell carcinoma of the bladder
[Chiharaetal., 2005] and pancreatic cancer [Risch, 2012].
The aim of the present study was to investigate the hy-
pothesized effect of ABGA expression into saliva on car-
ies in a group of Hungarian children and adolescents.
The primary aim was to examine if caries experience
might be associated with secretor status in this popula-
tion. It is important to emphasize that this study - to our
knowledge the first to address this specific issue — was
designed as exploratory, and therefore results are to be
interpreted as preliminary.

Materials and Methods

Study Population

The study was carried out at the dentistry clinic of the Faculty
of Dentistry of the University of Szeged in 2011. A sample of 130
healthy schoolchildren (children and adolescents aged between 6
and 18 years, Ny, = 60, Nfemqle = 70) present for an annually orga-
nized screening participated in this study. The sample size was
determined by the turnup rate (annual screening is not mandatory
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in Hungary), willingness to participate, and the exclusion criteria.
Only healthy subjects with no known oral or systemic disease were
eligible for the study. Taking any kind of medication per os at the
time of saliva sampling was also an exclusion criterion. However,
to assure that the resulting sample size yielded statistically mean-
ingful results, a post hoc power analysis was conducted (see ‘Re-
sults’). The participants were all Caucasian of a homogeneous so-
cioeconomic background. The study protocol conformed to the
tenets of the Declaration of Helsinki in all respects, and it was ap-
proved by the Ethical Board of the University of Szeged. Partici-
pants and their parents were provided information regarding the
goals, risks and the procedures involved in the study in both oral
and written form. Upon receiving this information, the parents of
the participants were asked to give their consent to the participa-
tion of their children by signing an informed consent form.

Caries Experience and Oral Hygiene

Data for the calculation of dmf-t/DMF-T were collected as part
of a routine dental status assessment. Caries experience was as-
sessed by calculating the dmf-t/DMF-T scores according to the
WHO criteria. A tooth with more than one carious lesion was
scored as one decayed tooth; a tooth with a filling and a separate
carious lesion was scored as one filled tooth. The simplified oral
health hygiene index (OHI-S) was also calculated [Greene and
Vermillion, 1964]. These calculations were carried out prior to se-
cretor status determination, therefore, the dentist performing the
assessment was blind to subjects’ secretor status.

Secretor Status and ABO Blood Group Determination

Secretor status was determined along the lines described in Vi-
das et al. [1999]. Unstimulated whole saliva (3—4 ml) was collected
from each subject. Saliva collection took place either in the morn-
ing hours or early in the afternoon, but at least 2 h after the last
meal or toothbrushing. Saliva was collected in test tubes. A glass
funnel with a piece of absorbent paper inside it was inserted into
the test tube, and participants were asked to spit into the funnel 1
or 2 times per minute. Using this procedure it was possible to col-
lect an average of 3-4 ml of saliva. The absorbent paper inside the
funnel served to filter contaminants.

Samples collected this way were sealed and placed in boiling
water for 10-20 min to inactivate the enzymes. Samples were then
centrifuged at 3,000 rpm for 5 min and the supernatant was sepa-
rated and analyzed for ABGA (the saliva samples were either pro-
cessed immediately or stored at -80°C until use) by a hemaggluti-
nation inhibition test with appropriate antisera (Blood Grouping
Test Reagents Anti-A, Anti-B, Anti-H, Sifin® Berlin, Germany;
ALBA clone Anti-A, Anti-B, Anti-H Blood Grouping Reagents,
Alba Bioscience®, Edinburgh, United Kingdom). A plate hemag-
glutination-inhibition test was employed in the following manner:
the saliva samples were diluted in a ratio of 1:2, while A-, B-, and
H-antisera were diluted in a ratio of 1:8. Sterile distilled water was
used for dilution. The diluted saliva samples and antisera were then
mixed in test tubes and stored in a wet chamber for 10 min. After
the incubation period, 1-2 drops of 2-3% erythrocyte solution
were added to each, and the result was recorded. The hemaggluti-
nation reaction indicated a lack of ABO antigen production, and a
reaction not taking place revealed the presence of antigens in the
saliva samples, as in the latter case the antigen-antibody complex-
es were already formed when the proper antiserum was added to
the saliva sample. In the case of nonsecretors no reaction was seen.
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Table 1. Descriptive statistics of the sample

Gender Meanage,  Mean OHI-S Mean dmf-t Type A, % TypeB, % Type AB, % Type O, %
ratio F:M years (range) (range) (range)
Secretor
Mixed dentition (n = 41)
(Caries-free: 51.16%) 23:18 9.56 (6-12) 0.97 (0-2.6) 2.02(0-13) 48.8 14.6 17.1 19.5
Permanent dentition (n = 54)
(Caries-free: 46.67%) 32:22 15.8 (14-18) 0.81 (0-3.2) 2.43 (0-12) 42.6 20.4 14.8 22.2
Nomnsecretor
Mixed dentition (n = 18)
(Caries-free: 25%) 4:14 9.72 (7-12) 1.19(0-2.5) 3.61 (0-13) N/A N/A N/A N/A
Permanent dentition (n = 17)
(Caries-free: 38.46%) 11:6 15.05 (13-18) 0.87 (0-2.5)  3.1(0-11) N/A N/A N/A N/A

N/A = Not applicable.

Statistical Analysis

The study population was divided into two groups on the basis
of dentition (i.e. mixed or permanent), within which secretor and
nonsecretor subgroups were determined. Data analysis was con-
ducted on the basis of this grouping. The mixed dentition group
had both deciduous and permanent teeth, the permanent dentition
group had permanent teeth only.

Data were analyzed using SPSS 17.0 software. As our data did
not fulfill the normal distribution criterion, we used the nonpara-
metric Mann-Whitney U (MWU) test for between-group com-
parisons. To determine the degree of association between dmf-t/
DMEF-T and OHI-S, the x* test was used. Wherever our dataset
violated the assumption of the ¥ test (i.e. expected frequencies of
at least five), we used Fisher’s exact test. The level of significance
was p < 0.05. Post hoc power analysis for the dmf/DMF compari-
sons was conducted in G*Power (Universitit Kiel, Germany).

Results

Basic Statistics

Data were analyzed by dentition type and secretor sta-
tus. Of the 130 subjects, 95 (73%) turned out to be secre-
tors, of which 54 (56.8%) had permanent dentition (mean
age: 15.63 years; range: 14-18 years) and 41 (43.2%) had
mixed dentition (mean age: 9.86 years; range: 6-13 years).
Of the 35 (26.9%) nonsecretors 17 (48.6%) had perma-
nent dentition and 18 (51.4%) had mixed dentition. In
both dentition types approximately 40% of the subjects
were caries-free (defined as dmf-t/DME-T = 0), however,
the ratios differed considerably by secretor status (table 1).
The ratio of secretors to nonsecretors was in accordance
with previously published data (see introduction). ABO
antigen distribution in secretors was also determined

Salivary ABO Secretion and Caries in
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from the 130 samples of saliva. The distribution for the
whole examined secretor population was as follows: A
44.2%, B 16.8%, AB 15.8%, O 23.2%. Detailed basic statis-
tics by dentition and secretor status are given in table 1.

Association between OHI-S and dmf-t/DMF-T

The association between OHI-S and dmf-t in mixed
dentition was not significant, while between OHI-S and
DME-T in permanent dentition significant association
was found: x? (252, n = 71) = 346.93, p = 0.000.

Comparison of DMF-T/dmf-t between Secretors and

Nonsecretors

There was no statistically significant difference in
DME-T status between secretors and nonsecretors in per-
manent dentition (n; = 17, n, = 54, U = 454.5, p = 0.952,
MWU). However, statistically significant difference was
found in dmf-t between secretor and nonsecretor status-
es in mixed dentition (n; = 18, n, =41, U = 234, p < 0.05,
MWU). Post hoc power analysis revealed a high statistical
power: 1 - =0.89(d=0.5,a=0.05). To determine if this
effect was linked to any particular secreted antigen, asso-
ciation between dmf-t and antigen types was computed,
but no significant association was found: x* (30, n = 41) =
23.16, p = 0.809. A graphical representation of the com-
parisons is given in figure 1. In particular, the mean (+SD)
dmf-t values in mixed dentition were significantly lower
in the secretor group (2.1 £ 3.46) compared to the nonse-
cretor group (3.8 + 3.94). When only dentition types were
compared, without taking secretor status into account,
this difference disappeared (2.60 = 3.76, 2.59 + 3.13,
mixed and permanent, respectively; mean + SD).
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Fig. 1. Comparison of dmf-t/DMEF-T by dentition type and secre-
tor status. MNS = Mixed, nonsecretor; MS = mixed, secretor;
PNS = permanent, nonsecretor; PS = permanent, secretor. Bars
denote means, whiskers mark 95% CI. Significant difference: * p <
0.05. For details see ‘Results’.

Sex Differences

Significant sex difference was found only in the mixed
dentition group (n; = 33, n, = 30, U = 322, p = 0.017,
MWU). This means that at an average, girls between 6
and 12 years exhibited better oral hygiene as measurable
by OHI-S than boys of the same cohort (mean OHI-S 0.83
vs. 1.21, respectively). In the permanent dentition group
no such difference was seen (n; =27,n,=40,U=393,p =
0.061, MWU). The association between sex and secretor
status in mixed dentition was significant (p = 0.000, Fish-
er’s exact test), while in permanent dentition no signifi-
cant association was found (p = 0.458, Fisher’s exact test).
To verify that the DMF-T/dmf-t comparisons were not
influenced by different oral hygiene as related to sex, we
also compared OHI-S between the sex subgroups of the
secretor/nonsecretor groups. No significant difference
was found for either sex (secretors vs. nonsecretors, girls:
n; =54,n,=15,U =397, p =0.914, MWU; boys: n; = 39,
n, = 20, U = 345, p = 0.479, MWU).

Discussion

Although association has been suggested with a num-
ber of diseases, a relatively small number of studies dealt
with the possible association between ABO secretor sta-
tus and dental caries in humans, especially in children
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and adolescents. Whether ABO secretor status influences
dental caries is yet to be determined.

Mavridis and Achimastos [1974] found higher mean
DME-T in secretors, the difference, however, was not sig-
nificant. Barros and Witkop [1963] found no relation be-
tween DMF-T and ABO and MN blood groups in a large
Chilean population, while Arneberg et al. [1976] found
lower caries prevalence for secretors, regardless of blood
group, with a more pronounced difference for smooth
surfaces (i.e. oral or vestibular tooth surfaces). Studying a
population of young Icelanders, Holbrook and Blackwell
[1989] found significantly lower DMF in secretors than
nonsecretors. The authors suggested that blood group an-
tigens may interfere with the adherence of S. mutans to
teeth [Holbrook and Blackwell, 1989]. It is to be noted
that in Iceland the proportion of nonsecretors is among
the highest recorded in Europe [Eriksson et al., 1986], and
the prevalence of caries, especially in childhood, is ac-
cordingly high [Agustsdottir et al., 2010], which seems to
be a strong argument for the protective role of ABO secre-
tion. Still other studies [Green et al., 1966; Achimastos et
al., 1974] failed to confirm an association of caries experi-
ence and ABO secretion.

Our present study, in which we examined a sample of
130 children and adolescents in order to identify if an as-
sociation exists between caries experience and secretor
status, might be regarded as an addition to this debate.

The only significant, secretor status-related difference
was found in dmf-t which was significantly higher in non-
secretors, which is the main finding of our study. Signifi-
cant sex difference was also found in oral hygiene in the
mixed dentition group, however, no association was
found between dmf-t/DMF-T and OHI-S in either group.

This latter result, counterintuitive as it may seem, is
not problematic, because oral hygiene per se is obviously
not the only factor influencing caries formation. We as-
sume that OHI-S may be a sensitive predictor of caries
status only in poor oral hygiene. Matulaitiene et al. [2012]
examined oral health indices of Lithuanian schoolchil-
dren of average to good oral hygiene, and reported that
while dmf-t/DMF-T decreased significantly in the stud-
ied period (1983-2009), OHI-S did not reflect this change.

The significant sex difference in the younger (mixed
dentition) group is also understandable, in light of the
superiority of girls over boys in terms of oral hygiene in
this cohort [Al Dosari et al., 2000; Kolawole et al., 2011].
The explanation of this, however, is beyond the scope of
this article.

The main finding of our study, that is, that ABO secre-
tors of mixed dentition exhibit lower caries experience, is
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rather difficult to explain at the present level of our knowl-
edge, especially considering that studies focusing on ABO
secretion and caries in children are limited. Our results
definitely show that this effect is associated with mixed
dentition, that is, the presence of primary teeth. Consid-
ering that primary teeth are more caries-prone due to the
lower mineral content of their enamel layer [Wilson and
Beynon, 1989], their morphology [Sabel, 2012], and nar-
row interdental spaces [Warren et al., 2003], it might be
hypothesized that secretion of ABO antigens into the sa-
liva may provide some sort of extra protection to primary
teeth. In this respect it is important to note that tooth sur-
face was found to be a significant factor in another study
dealing with secretor status and caries experience too
[Arneberg et al., 1976]. Our findings, of course, and espe-
cially in view of the Icelandic sample [Holbrook and
Blackwell, 1989], do not necessarily imply that the hy-
pothesized preventive effect is completely missing in
adulthood. We would argue, rather, that it is more re-
markable when the more vulnerable deciduous teeth are
still present.

The exploratory nature of this study naturally raises
the issue of whether the observed effect could be due to
some uncontrolled background variable, such as dietary
or oral hygiene differences between the cohorts. No direct
measurements were done to address such variables, obvi-
ously a limitation of the study. However, the fact that the
significant dmf-t/DMFT difference between the denti-
tion types was seen only when secretor status was consid-
ered as an influencing factor, seems not to support such
a scenario. Furthermore, no significant difference in
OHI-S as a measure of oral hygiene was found between
the dentition type-based cohorts (mixed: 2.59 + 3.67, per-
manent: 2.60 + 3.13; mean + SD), which makes it quite
unlikely that significant changes of oral hygiene habits
occurred with age.

As the influence of secretor status on caries experience
has been paid surprisingly little attention since the 1970s
when the subject was first mentioned, the exact protective
mechanism remains unknown. Based on the available lit-
erature it is possible to set up a reasonable explanatory
framework, however, it must be noted that this frame-
work - due to the paucity of research into these mecha-
nisms - can only be speculative in nature. Our proposed
explanation focuses on salivary glycoproteins (mucins)
and their role in bacterial attachment.

As a starting point we hypothesize that the observed
protective effect is due to ABO antigens’ interference with
the attachment of cariogenic bacteria to the surface of the
teeth. This hypothesis was articulated earlier [Holbrook
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and Blackwell, 1989] in connection with S. mutans, but
the authors did not put it in detail. It must be also noted
that several other species have been shown to play a role
in caries formation and progression [Aas et al., 2008].

Williams and Gibbons [1975] observed that mucinous
glycoproteins could aggregate certain bacterial species
and prevent them from attachment to the buccal epithe-
lium. The authors suggested that this was possible through
a kind of molecular mimicry, that is, mucinous glycopro-
teins possessed antigenic determinants in common with
a wide range of body cells (including those of the buccal
epithelium), and it was these antigenic determinants by
which the glycoproteins could aggregate bacteria. More
importantly, it was also shown that pretreatment of epi-
thelial cells from a donor of A blood type with A antise-
rum prevented the attachment of Streptococcus sanguis to
these cells. This finding supported the theory that blood
group antigens could establish a link between bacteria
and the surface on which they are located. However, the
study focused on the buccal epithelium, not the solid hy-
droxyapatite surface of teeth, and no testing was done to
tind out about if mucin donors were secretors or not, so
the results are best interpreted as characterizing salivary
mucins in general. The key finding of the study, therefore,
is possibly that salivary mucins are able to aggregate bac-
teria, which, however, is not a really promising finding in
terms of caries protection.

Mucins are crucial components of the acquired enam-
el pellicle without which bacteria could not colonize tooth
surfaces and form a complex biofilm, the metabolic pro-
cesses of which lead to caries, gingivitis and periodontitis.
The acquired pellicle is composed of a variety of salivary
glycoproteins and antibodies. This film alters the charac-
teristics of the surface, which in turn increases the effi-
ciency of bacterial adhesion [Lang et al., 2008]. That is,
the aggregation of bacteria by mucins in the enamel pel-
licle is a pro-caries process, and therefore it cannot ac-
count for the protection observed in ABO secretors. How
then do mucins play a role in protection? ABO antigen
determinants in secretors are located at the terminal part
of the carbohydrate side chain in glycoproteins of the mu-
cin type [Marcus, 1969]. In other words, the mucins of
secretors are structurally different. We hypothesize that
this structural difference might play a key role in the pro-
tective effect. Bacteria invade the pellicle-coated enamel
surface as primary and secondary colonizers. Primary
colonizers (like S. mutans) attach directly to the glycopro-
teins of the acquired pellicle, while secondary colonizers
attach to the primary ones [Lang et al., 2008]. On such
premises we suggest that two explanations are possible.
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One is that the structural difference of the mucins of se-
cretors deteriorates their ability to aggregate cariogenic
bacteria. The finding that pretreatment of mucins with
anti-ABO antisera did not influence their ability to aggre-
gate Streptococcus miteor [Williams and Gibbons, 1975]
might be a counterargument here, but by no means an
unquestionable one, as the secretor status of mucin do-
nors was not known, and the effect was found to be spe-
cies-dependent, even at a very low number of studied spe-
cies (S. miteor, S. sanguis and Streptococcus salivarius).
This latter finding suggests high interspecies variability.
The other explanation may be that structurally altered
(secretor) mucins do not adhere so readily and stable to
the enamel surface as nonsecretor mucins, therefore, they
cannot serve as a firm base for colonization. In any of
these two scenarios, part of the maximal adhesive surface
would be lost, and colonization would be less efficient.
This would mean much better but still not perfect caries
resistance, as there are several known cariogenic species,
and, as mentioned before, the effect appears to be species-
dependent. The results of this study and those of other
studies suggesting that secretors are better protected but
not completely caries-free correspond to such a scenario.
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