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Introduction
Adequate oral health reflects on and affects general health and quality of life.
The oral cavity is an integral part of the human body and thus there is a great
connection between oral health and systemic health. Not only do some systemic diseases such as diabetes, osteoporosis, HIV infection, trisomy 21 have
a predisposition to periodontitis, but vice versa. Susceptibility to some systemic diseases is higher in patients with periodontitis than in healthy people:
chronic periodontitis is a risk factor for future cardiovascular diseases, pregnant women with chronic periodontitis have more frequent preterm birth and
lower birth weight. The explanation of the pathophysiological mechanisms
of periodontal focus and systemic diseases is associated with increased levels
of circulation of proinflammatory cytokines and prostaglandins originating
from periodontal disease, gram-negative bacteria and their substances such
as endotoxins emerging from subgingival biofilms. The dominant problems
of everyday dental practice are: caries, periodontal diseases, occlusal anomalies, the relationship between oral and general health and a holistic approach
to the patient. Caries and periodontal disease are of infectious etiology, and
therefore the prevention of caries and periodontal diseases also means the
prevention of odontogenic foci. Periodontal pocket is a risk factor for the
occurrence or worsening of systemic – focal disease, because there is an always present infection; the flora of the pocket is diverse, massive, virulent
and penetrates the soft membrane of the pocket, the pocket is under constant
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mechanical stimulation during chewing, swallowing and speech, which all
favors the penetration of bacteria into the circulation and the formation of
transient bacteremia.
Interdisciplinary cooperation in eliminating the potential negative effects
of periodontal infection will result in better systemic health.
Caries and periodontal disease – the most common and significant oral
diseases, can cause and complicate many diseases – diseases of the cardiovascular system (infectious endocarditis, atherosclerosis, myocarditis and
heart attack), respiratory system (pneumonia, chronic obstructive pulmonary
disease, bronchial asthma, and lung abscess), neurological diseases (cerebral infarction and brain abscess), diabetes mellitus, rheumatoid arthritis,
Alzheimer’s disease, as well as other diseases (1, 2, 3, 4, 5).
Atherosclerosis is the basis for all cardiovascular diseases. There are studies that confirm that choral periodontitis increases the level of systemic inflammation when expressed by measuring C reactive protein (CRP) and other
biomarkers. Periodontal pathogens can directly infect vascular endothelium
and atherosclerotic plaque causing inflammation. Then, they can produce
various virulent factors (adhesions, hemolysis) that have detrimental effects
on the vascular system resulting in platelet adhesion and aggregation; in addition, lipid accumulations are formed and, along with cholesterol deposits,
they contribute to the formation of atheromas. Treatment of chronic periodontitis reduces systemic inflammatory factors.
Pregnancy is a condition in which complex physical and physiological
changes occur, all of which have significant effects on many organ systems.
High levels of circulating estrogen during pregnancy have been associated
with a high incidence of gingivitis and gingival hyperplasia (6). It is estimated
that approximately 40% of pregnant women have some form of periodontal
disease (5, 7).
Offenbacher et al. (1996) were the first to point out the possible connection between periodontal disease in pregnant women and the risk of giving
birth to children of low gestational age or low birth weight (5). Numerous
researchers point to the possible connection between periodontal disease in
pregnant women and the risk of premature birth, and the birth of children
with low birth weight (8, 9, 10, 11, 12). Studies show that pregnant women
with periodontal disease have a 2-7 times higher risk of prematurity (8, 13).
Morre et al. have found a large number of fetal deaths among mothers with
periodontal disease (14).
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Other authors have not found a link between the oral health of mothers
and the risk of giving birth to premature babies or babies of low birth weight
(15, 16).
However, focal infection can affect prematurity (birth before 37 weeks of
gestation) and weight loss in newborns (weight <2,500 grams). Bacteremia
of periodontal pathogens by transplacental route can lead to intrauterine infection. Proinflammatory cytokines release endotoxins lipopolysaccharides
(LPS) that precipitate in preterm birth. Therefore, dentists should motivate,
educate and instruct pregnant women to have a higher level of oral hygiene
and to fix all orodental lesions in dental therapeutic procedures, especially
periodontal pockets, for this reduces the number of premature births.
It is believed that gram-negative anaerobic bacteria present in periodontal
tissues may be a source of endotoxin and lipopolysaccharides, leading to increased levels of inflammatory mediators – interleukin 6 (IL-6), interleukin 8
(IL-8), interleukin - 1 beta (IL-1β), and prostaglandin E (PGE) and tumor erosion factor – alpha (TNF-α), which are transmitted to the uterus, cervix and
placenta causing prematurity or the birth of children of low birth weight (1,
7, 17). Jeffcoat et al., while investigating the association between periodontal
disease in pregnant women and preterm birth in a group of 1,313 pregnant
women, found that moderate to severe periodontal disease — diagnosed in
early pregnancy — was associated with an increased risk of prematurity, independent of other traditional prematurity risk factors (18).
It has been found that mothers who gave birth to preterm infants or children with low birth weight had significantly elevated levels of PGE in gingival fluid compared to mothers who had term births or babies of desirable
birth weight (17).
During pregnancy, there is an increased tendency to caries due to increased
acidity of the oral cavity, increased consumption of refined sugars and insufficient oral hygiene (19). The tendency to caries during pregnancy is enhanced
by periodic vomiting of pregnant women, which increases the acidity of the
oral cavity, allowing the growth of cariogenic bacteria, demineralization of
teeth and the progression of caries (19). Microorganisms and their toxins in
pulp lesions caused by deep caries produce IL-1β, PGE and TNF-α, and as in
periodontal disease, they cause premature birth or the birth of children of low
birth weight (20, 21).
Cariogenic bacteria in children are most often transmitted by direct
transmission through maternal saliva (5). Mothers who have a high titer of
Streptococcus mutans in their saliva will largely transfer these bacteria to the
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baby – vertical transfer, creating the preconditions for early childhood
caries. Significant predictors of early childhood caries are certainly the time
and frequency of bacterial transmission, children’s tendency to susceptibility
of bacterial accumulation on teeth, composition and flow of children’s saliva,
and the amount of refined sugar in baby food (1, 5, 22).
The incidence of premature births or low birth weight infants is between
5–18%, which depends on the geographical area or population characteristics
(23). Considering the causes of premature births, or newborns of low birth
weight are not known in more than 50% of cases, and in 50% of cases the
most important causes are considered to be: socioeconomic factors, acute and
chronic maternal diseases, multiple pregnancy, obstetric conditions and genetic diseases (23, 24).
Due to the immaturity of the organic systems, preterm infants and newborns of low birth weight fall under the group of endangered infants – where
complications due to prematurity are the leading cause of death in children
under five year of age (23, 24). It is very important to discover the risk factors that can determine the risk of prematurity or the birth of newborns of
low birth weight, where by knowing the risk factors, it is possible to significantly eliminate or reduce the risk of giving birth to premature infants or children of low birth weight and reduce the rate of perinatal mortality or possible
complications.
Premature babies or low birth weight newborns show a higher incidence of
cardiovascular risk factors (obesity, hypertension and dyslipidemia) and type
2 diabetes mellitus (25). Animal and epidemiological studies show that intrauterine elevated glucocorticoid levels cause lifelong programming of the
hypothalamic-pituitary-adrenal axis, which plays a key role in increasing the
incidence of cardiovascular risk in premature and low birth weight infants (26).
There is a hypothesis on the possible connection between chronic inflammation (Chlamydia pneumoniae, Helicobacter pylori, Cytomegalovirus,
Ebstein-Barr virus, etc.) and atherosclerotic cardiovascular disease, but the
precise pathogenesis is not completely clear (27, 28).
In addition to the role of the oral microbiome (microbiome: all microorganisms, their genome and interaction in a given environment) as a risk factor
for prematurity or the birth of low-birth-weight infants, oral microorganisms
may also be the cause of chronic inflammation that may be a risk factor for
atherosclerotic (29, 30).
Adequate prenatal care should also include the protection of the oral
health of pregnant women, and the pregnant women should be reminded of
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the importance of practicing regular oral hygiene and the need for periodic
or, if necessary, more frequent dental examinations. Possible dental interventions, such as radiography of the teeth, are best suited after the end of organogenesis, or in 2nd or 3rd trimester of pregnancy (5, 7, 31).
We believe that in the daily practice there is not enough screening of the
oral health status of pregnant women, where screening the oral health status
of as many pregnant women as possible, including assessment of oral hygiene, could identify pregnant women with caries or periodontal disease.
Timely dental treatment could reduce the incidence of caries and periodontal disease in pregnant women, and possibly reduce the incidence of
prematurity and low birth weight infants, early childhood caries and predictors of premature atherosclerotic cardiovascular risk (increase in body mass
index, blood pressure and carotid intima-media complex thickening).

2. Research hypotheses and objectives
2.1. Research hypotheses
In this study, we set the following hypotheses:
H1 – A considerable number of pregnant women have inadequate oral health.
H2 – Insufficient number of visits to the dentist, inadequate oral hygiene and
consumption of unhealthy foods lead to the occurrence of caries and periodontal disease in pregnant women.
H3 – In a certain number of pregnant women with poor oral health status,
pregnancy results in births of premature and/or babies of low birth weight.
H4 – In the cohort of children who were born prematurely or had low birth
weight, a certain number of children aged three (4) have a higher body
mass index, and a higher value of systolic and diastolic blood pressure, as
well as carotid intima-media complex thickening with incipient signs of
cardiovascular disease.
H5 – There is an inappropriate knowledge, opinion and practice of pregnant
women and practitioners (dentists and gynecologists) about the state of
oral health and its impact on pregnancy and the overall health of newborn
babies.
Knowledge, opinion and practice of both pregnant women and colleagues
(dentists and gynecologists) about the state of oral health and its impact on
pregnancy and overall health of newborn child, is quite poor in the Balkans
and the genesis of oral health problems in our region.
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2.2. Research objectives
Insufficient insight into possible pathological implications of the oral health
status of pregnant women on the premature manifestation of cardiovascular
risk factors in children has started research, by which we want to:
1) evaluate the general health condition and life habits of pregnant women:
– measure the body mass index of pregnant women – data in medical files
– determine whether pregnant women have a certain chronic disease (cardiovascular disease, diabetes mellitus, kidney and other chronic diseases)
or whether they are taking any medication
– analyze eating habits, physical activity, as well as the presence of smoking
and alcohol consumption in pregnant women
– determine the course of pregnancy, and whether there were any complications during the pregnancy.
2)
–
–
–

determine the basic characteristics of oral health protection during pregnancy:
frequency of visits of pregnant women to the dentist
adequacy of oral hygiene
oral health status of pregnant women.

3) analyze the basic characteristics of the newborn:
– evaluate gestational age and birth weight of newborns
– analyze the method of delivery (natural or caesarean section).
4) determine the basic characteristics of the general pediatric condition and the
oral health status of children:
– analyze children’s eating habits (diet in infancy, whether dietary guidelines
are followed in children)
– determine the body weight and length/height of children
– calculate the body mass index of children
– determine the value of blood pressure in children
– determine carotid artery intima-media complex thickening using the ultrasound method
– determine when the child’s first visit to the dentist was
– assess the oral health status of children
– determine the impact of the oral health status of mothers on the oral health
status of children.

Cardiovascular diseases and oral health – the impact of pregnant women’s oral health on children’s cardiovascular health

111

CHAPTER VI

5) determine the knowledge, opinion and practice of pregnant women, as
well as practitioners (dentists and gynecologists) about oral health, the
impact of oral health on pregnancy and the health of a newborn baby
6) determine the predictors of maternal oral health status
7) determine the correlation between the oral health status of mothers with
gestational age and the birth weight of newborns
8) determine the correlation of maternal oral health status with predictors of
premature cardiovascular risk in children (overweight, elevated systolic
and diastolic blood pressure, as well as increased carotid artery intimamedia complex thickening determined by carotid artery ultrasound).

3. Respondents and methods
3.1. Area of research
The survey would be conducted in the Federation of Bosnia and Herzegovina
– Canton Sarajevo and the Republic of Croatia (Zagreb and Split), considering the proportional distribution of respondents.

3.2. Respondents
The minimum number of respondents required for adequate statistical analysis of the research variable is 385, with an error of 5% and 95% confidence
interval, determined by a statistical calculator (32).
The research is designed as a cohort study – it will include mothers/
pregnant women, who will be selected by random selection (randomized
sampling).
The research will be conceived as a multidisciplinary approach – cooperation of gynecologists and obstetricians, dentists, pediatricians, radiologists
and cardiologists, for three or four years.
During the usual gynecological and obstetric examination (1st trimester,
and if necessary 2nd and 3rd trimester of pregnancy) pregnant women would
be suggested to consult a dentist in order to assess the status of oral health.
Based on the insight into the health documentation of pregnant women,
the general health condition will be assessed – pregnant women with cardiovascular diseases diabetes mellitus, kidney diseases or any other chronic
diseases will not be included in the research. Survey testing will assess the
life habits of pregnant women (eating habits, physical activity,
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alcohol consumption, drugs and smoking).
After birth, children would be classified into term newborns and premature infants, infants of desirable body weight and infants of low body weight
and would be monitored until the third or fourth year of life.
During systematic examinations (first month of birth, first year and third
and fourth year), pediatricians would then evaluate the basic characteristics
related to pregnancy and childbirth, analyze children’s eating habits, anthropometric parameters, check the blood pressure, while radiologists would
check the value of the carotid artery intima-media complex thickening, and
cardiologists would evaluate using echocardiogram the hemodynamic status
of children.
The research would include children in good health, which means that
children with congenital anomalies or certain chronic diseases would be excluded from the study.
Dentists would assess the dental health status of pregnant women and
children and evaluate the adequacy of oral hygiene of pregnant women and
children.
The research will be based on the principles of the 1975 Declaration of
Helsinki and its amendments from 2008.
In order to implement the ethical and bioethical principles of research,
the consents of the relevant Ethics Committees/Commissions will be sought.
Voluntary participation by pregnant women and their children will be confirmed by signing an informed consent.

3.3. Research methods
After signing the informed consent, and getting acquainted with mothers/
pregnant women using the research methodology, we would perform the following on mothers/pregnant:
– surveying,
– dental examination.
–
–
–
–

For children we would perform the following:
surveying
anthropometric measurement
checking blood pressure values
measuring carotid artery intima-media complex thickening using twodimensional color doppler ultrasound
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– two-dimensional Color Doppler echocardiographic evaluation of the cardiovascular system
– dental examination.

Figure no.1. Schematic diagram of measuring the carotid artery intima-media
complex thickening by Color Doppler ultrasonography; CCA common coronary
artery, LCA left carotid artery, ECA external carotid artery; R – right; L – left

Figure no. 2. Ultrasonography of carotid arteries A

Figure no. 3. Ultrasonography of carotid arteries B.
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Figure no. 4. Cross section of the left side of the heart through the parasternally
long and short axis; a – dimensions of DV; b – end-diastolic dimensions LV; c –
thickness of ventricular septum, d –thickness of posterior wall; e – dimension LA;
f – aortic dimension; g – systolic dimensions LV, AMZ – anterior mitral valve; LV
EV – LV ejection time, PEP – pre-ejection period.

Figure no. 5. Color Doppler: short axis of systole transverse: flow through the
main pulmonary artery (GPA); DV – right ventricle; LA – left atrium

3.3.1. Surveying of mothers/pregnant women
Each respondent will have her own encrypted ID number.
A survey questionnaire that would be adapted to this research would contain
the following:
– general data (mother’s age, city, educational status, employment status and
socio-economic status of the family);
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– data from personal anamnesis (mother’s health condition: whether she suffers from a chronic disease, whether the mother is taking certain medications, data on pregnancy, number of previous births, the manner of giving
birth, TM, TV, BMI)
– data on eating habits (number of daily meals, consumption of fruits, vegetables and other foods, consumption of sweets and other foods with refined
sugars and consumption of soft drinks);
– data on harmful habits (smoking, narcotics and alcohol);
– data on physical activity;
– data on oral health (when was the last visit to the dentist before pregnancy,
in what trimester of pregnancy she visited the dentist, knowledge, opinion
and practice of oral hygiene, whether the mother was advised to maintain
dental health ...).
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3.3.2. Dental examination: diagnosing initial caries, periodontal examination
of the gingival pocket depth and an overall examination of the oral cavity
(detailed clinical parameters for the evaluation of dental status will be defined
according to WHO recommendations).
3.3.3. Surveying the children
Each respondent (child) will have its own encrypted ID number.
A survey questionnaire that would be adapted to this research would contain
the following:
– general data (child’s age and sex, city);
– data from personal anamnesis (gestational age, birth weight (BW), birth
length (BL), child’s health)
– data on eating habits (natural or artificial nutrition in infancy, practicing dietary guidelines, excessive consumption of fruit juice, cakes and
sweets);
– data on physical activity;
– data on oral health (Prior the planned pregnancy, did you purposely fix
all pathological processes in the oral cavity? When you made an appointment with the dentist, did you point out that you were pregnant? X-rays
of low-dose dental X-rays are absolutely contraindicated in all stages of
pregnancy; During pregnancy you should not take out a tooth and have
local anesthesia?; During pregnancy you increased the level of oral hygiene?; How many preventive dental examinations are recommended during pregnancy?; My gynecologist did not recommend dentist intervention
with local anesthesia?; At what age was the first visit to the dentist?; Do
you practice oral hygiene?; Was the mother advised to maintain the child’s
dental health before planning a pregnancy?).
3.3.4. Anthropometric measurement
Anthropometric measurement will include measuring body weight and body
height while following the usual standard guidelines of anthropometric
measurement.
We will calculate the body mass index of respondents using WHO Anthro
software (33), and the obtained values will be compared according to the
guidelines of the WHO - Body Mass Index – for gender and age (34, 35).
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3.3.5. Measuring blood pressure in children
At the age of three (four), we will measure the value of children’s blood pressure according to the standardized procedure using the auscultation method
(Riva-Rocci-Korotkoff) with an appropriate cuff.
3.3.6. Measuring intima-media complex using ultrasound method, two-dimensional Color Doppler ultrasonography
3.3.7. Two-dimensional Color Doppler echocardiographic evaluation of the
cardiovascular system.
3.3.8. Dental examination to diagnose initial caries, periodontal examination to diagnose the depth of the gingival pocket and a comprehensive examination of the oral cavity.

3.4. Evaluation of variables
In addition to the evaluation of the educational status of mothers, additional
evaluation will be done in terms of socio-economic status of families, working status of mothers, and certain clinical variables of mothers/pregnant
women and children.

3.4.1. Classification of children’s gestational age and birth weight
Children with gestational age <37 weeks will be classified as preterm babies,
and those with birthweight <2,500 g will be classified as low birth weight
children.
3.4.2. Classification of oral health (for mothers and children – milk
dentication)
Based on common dentistry classifications, fellow dentists will supplement
the exams with dental status, periodontal status, gingival bleeding, etc.
3.4.3. Classification of body mass index of children
Using WHO criteria (34, 35).
3.4.4. Classification of blood pressure in children
After measuring blood pressure (3x), we will calculate the mean of systolic and diastolic blood pressure, and it will be compared with standardized
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criteria for evaluating blood pressure in children and adolescents – according
to the Fourth Report on Diagnosis, Treatment and Evaluation of High Blood
Pressure in Children and Adolescents (36, 37).
3.4.5. Classification of carotid artery intima-media complex
Based on the usual classification of carotid blood vessel intima-media complexes using the ultrasound method.
3.4.6. Classification of possible early changes/diseases of the cardiovascular apparatus using the ultrasonic two-dimensional Color Doppler echo sonographic method

3.5. Statistical data processing
The data obtained from the survey will be entered into a database (MS Access
or MS Office) and will be evaluated by an appropriate statistical program in
consultation with a statistician, who will use appropriate parametric and nonparametric tests in statistical data processing.
In the first phase of statistical processing, which is the presentation of
sample characteristics, standard methods of descriptive statistics will be used
(graphs, measures of central tendency, measures of dispersion).
We will then examine the strength of the correlation between maternal
oral health status and all other variables (gestational age, family economic
status, level of education, possibly whether mother lives in urban/suburban
or rural area, body mass index, eating habits, alcohol consumption, smoking,
regularity of visits to a dentist, and regular oral hygiene practices).
We will also determine the strength of the correlation between the oral
health status of mothers and the risk of premature birth and the incidence of
children of low birth weight. In this context, we will evaluate whether some
other variables are predictors of the incidence of premature babies or children
of low birth weight.
The statistical significance of the differences between the values of anthropometric variables, the values of systolic and diastolic blood pressure,
and possibly the thickness of the carotid artery intima-media complex, the
variables in term infants with the desired birth mass vs. children born prematurely and children of lower birth weight. We will determine whether
the status of oral health of mothers and the premature birth of children and
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birth of children of low birth weight is a predictor of elevated values of body
mass index, blood pressure and thickening of the carotid artery intima-media
complex.

4. Expected results
The results of the research will show that a certain number of mothers have
a poor (inappropriate) oral health status due to insufficient practice of oral
health hygiene, poor practice of appropriate dietary guidelines and insufficient visits to the dentist.
The research will determine that a certain number of mothers with poor
oral health status give birth to premature babies and children of low birth
weight.
We expect that children of mothers with poor oral health status at the age
of 3 (4) also have poorer oral health status compared to children whose mothers with good oral health status.
The group of children, born prematurely or born with low birth weight,
at the age of 3 (4) years have a higher body mass index for their age and sex,
higher systolic and diastolic blood pressure and greater thickness of carotid
intima-media complex compared to the desired values of these parameters in
term babies and babies with desirable birth weight with possible incidental
indications of cardiovascular disease including atherosclerotic, compared to
the control group.
•
•
•
•
•

Anonymous survey for the dentist and the gynecologist:
As a dentist, I avoid applying local anesthesia with adrenaline to pregnant
women in all months of pregnancy?
I avoid any type of X-ray in pregnant women ?
Pulling out a tooth under pain in pregnant women is not recommended
during pregnancy?
I avoid treating gingivitis in pregnant women at all stages of pregnancy?
Trepanation of the tooth causing acute odontogenic infection and incision
of the abscess are not recommended when woman is pregnant?

Study timeline:
Pregnant woman – gynecologist – dentist – pediatrician – radiologist – cardiologist – epidemiologist
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