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ENDOCRINOLOGICAL CHANGES IN THE ORAL CAVITY DURING PREGNANCY:
PATHOLOGICAL PHYSIOLOGY

Abstract

Some striking observations have now been made about the role of sex hormones in the
development of pathologic changes in the gingiva. It has been known for a long time that sex
hormones contribute to the vascular changes in gingiva during pregnancy. Evidence now suggests
that sex hormones also are capable of altering the normal sub-gingival flora and the immune
response in the oral cavity, resulting in intense (pregnancy granuloma) and frequent gingivitis in
pregnant women. Other problems that seem to appear in the oral cavity during pregnancy are
discussed later and are for the most part unrelated to hormonal changes. These unrelated pathologic
findings include periodontitis and dental caries. The special treatment and prevention needs of
dental patients during pregnancy are also discussed.
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Hamilslik dovrinda agiz boslugunda endokrinoloji dayisikliklar: patoloji fiziologiya

Xulasa

Dis otinds patofizioloji doyisikliklorin inkisafinda cinsi hormonlarin rolu ilo baglh bozi maraqgl
miisahidalor aparilmisdir. Cinsi hormonlarin hamilalik zaman1 dis atindoki damar doyisikliklarina
tohfo verdiyi uzun middatdir molumdur. indiki arasdirmalar gostorir ki, cinsi hormonlar normal dis
oti florasint vo agiz boslugunda immun reaksiyant doyisdiro bilir, noticado hamilo qadinlarda
intensiv (hamilalik qranulomasi) vo tez-tez dis ati iltihabi olur. Hamilslik dovriinds agiz boslugunda
goriinan digar problemlar daha sonra miizakira olunur va oksar hallarda hormonal doyisikliklarla
olagali deyildir. Bu olageli olmayan patoloji tapintilara periodontit vo dis kariyesi daxildir.
Hamilalik dovriinds stomatoloji xastaliklorin xtisusi mialica va profilaktika ehtiyaclar1 da miizakira
olunur.

Acar sozlar: hamilalik, hormonal balans, patofiziologiya, agiz boslugunun selikli gisast

Introduction

The changes brought about in the maternal organism by the state of pregnancy are important,
because in many instances they mimic pathophysiologic responses to disease. If the constellation of
changes occurring normally in pregnancy are misinterpreted as signs of disease processes, the
gravid or puerperal woman may be subjected to diagnostic and therapeutic interventions that are not
only unnecessary but may also be dangerous to mother and fetus.

Because so many system-specific changes occur in the course of pregnancy, it is difficult to
develop a total physiologic overview. There are, however, a number of well-described adaptive
physiologic states that produce changes in human systems similar to those seen in pregnancy. These
adaptive states may be used as models or constructs to help integrate the diverse alterations in
physiologic systems that occur during the course of normal gestation. Among the physiologic states
that produce adaptive changes similar to those seen in pregnancy are the presence of a moderate-
sized arteriovenous fistula, acclimation to increased environmental or internal heating, and
adjustments to increasing levels of circulating progesterone.

Models of pregnancy as a physiologically adapted state

Model I: Pregnancy as an Arteriovenous Fistula

Patients on chronic renal dialysis who have peripheral shunts constructed for purposes of
dialysis typically have flow rates in their shunts of approximately 600 ml/minute (Newman, Takei,
Klokkeveld, 2015). Because uteroplacental flow rates at term (nearly 600 ml/minute) (Strowitzki,
Germeyer, Popovici et al, 2006) are essentially the same as those in the artificially produced shunts,
it is not surprising that there are similarities between the cardiovascular changes in the shunted
patients and cardiovascular alterations in the pregnant woman, particularly as she approaches term.

In both of these circumstances there is evidence of increased peripheral circulation, decreased
peripheral resistance, increased heart rate, increased cardiac output, and increased plasma volume.
This particular model can be used to explain a number of other changes related not directly to the
shunting mechanism but to secondary changes produced by increased peripheral circulation, such as
increased renal plasma flow and the physiologic alterations associated with increased renal
perfusion.

Model Il: Pregnancy as a State of Heat Adaptation

Abrams and associates and others (Martin, Dominguez, Avila, 2002; Amir, Brown, Rager,
Sanidad, Zeng, 2020) have shown that there is a considerable temperature gradient between the
mother and fetus. Aortic temperature measurements made in the pregnant ewe indicate that the fetal
core temperature exceeds that of the mother by 0.5°C, which is a significant amount.
Thermodynamics and the physics of heat transfer suggest that because of this temperature
difference, the flow of heat from the fetus to the mother is relatively constant. As a result, the
maternal organism must adjust her thermoregulatory system to permit increased heat loss to the
environment. Aside from physical considerations, the need for maternal thermoregulatory
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adjustments is suggested by the observation that homeothermic mammals function within a very
narrow range of internal temperatures. Extremes in either direction produce significant alterations in
the function of fundamental systems responsible for the maintenance of life.

Responses of the homeothermic mammal to internal and environmental heating produce similar
physiologic alterations. These include increased respiratory rate, increased cardiac output, increased
heart rate, expansion of plasma volume, increased peripheral circulation, and a number of other
changes similar to those seen in normal human gestation.

Model I11: Pregnancy as a Hyperprogestational State

With the onset of normal gestation, all maternal systems are subjected to increasing levels of
circulating progesterone. At first the corpus luteum of pregnancy, and later the placenta, produce
large amounts of this hormone. At term, serum levels may be as high as 2.5 times those considered
normal in the menstruating woman.

Increased basal body temperature and changes in the smooth muscle dynamics of the uterus, the
vascular system, the urinary system, the gastrointestinal system, and the respiratory system in
pregnancy have often been explained on the basis of increasing levels of serum progesterone. The
mechanism proposed to explain many of these changes relates to the effect of progesterone on the
electrochemical gradient at the cell membrane of individual smooth muscle fibers. According to this
hypothesis, progesterone acts to hyperpolarize the cell membrane, depressing the resting electrical
potential at the membrane to a level below that of the normal activation threshold. This effectively
puts the muscle at rest, because much greater levels of stimulation are required to produce
depolarization and subsequent muscle contraction. Decreased tone and overall decrease in
contractile activity is seen in most of the structures that depend on smooth muscle for their action.
This includes the uterus, gut, respiratory system, ureters, and peripheral vascular system.

Volume expansion of the intravascular space, decreased peripheral resistance, increased heart
rate, and a number of other alterations associated with the pregnant state could theoretically be
explained on the basis of progesterone’s effect on smooth muscle.

Overall, it seems unlikely that a single model can be invoked to explain the varied changes that
take place in the human female during the course of gestation. It is more likely that all of these
mechanisms contribute, along with other factors still unidentified, to the myriad changes that
constitute the physiologic alterations associated with the normal human gestation. Each model,
nonetheless, helps the clinician to anticipate and integrate the changes in many of the altered
systems. The constructs described permit the alterations in individual systems to be fused into a
more coherent overview.

Endocrine system changes

Production of hCG stimulates cells in the
corpus luteum to Dbegin synthesizing
progesterone and estrogen.

Respiratory changes

To supply the oxygen required by the
developing fetus, the tidal volume,
ventilation and respiratory rate are all
enhanced.

Gastrointestinal system changes

Progesterone relaxes the lower esophagael
sphincter, resulting in reflux into the
gastro-esphagus and, ultimately, heartburn.
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Circulatory & cardiovascular changes

Increases in the circulating levels of estrogens,
progesterone and prostaglandins relax vascular
smooth muscle

Renal system changes

The kidneys become larger and increase in
weight, while the capacity of the mother’s
bladder is diminished, leading to more frequent
urination.

Hematologic systemchanges

Plasma volume expand accompanied by
increase in RBC mass, WBC number, level of
coagulation factor and a decrease in platelet
counts.
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Changes in the Endocrine System

Already upon conception, the levels of certain hormones in a woman increase. Upon successful
implantation of a fertilized egg into the uterine wall, placental trophoblasts begin to produce human
chronic gonadotrophin (hCG) (Miller et al., 2020), the level of which rises during the first few
weeks of pregnancy until it reaches its peak level of approximately 20000 mlU/mL during weeks
10-12, and thereafter, and at the end of the first trimester, falls steadily (Hendriks et al., 2019). hCG
stimulates
cells in the corpus luteum to start producing progesterone and estrogen, the levels of which increase
as pregnancy progresses and the placenta grows, reaching their peaks during the third trimester
(Sykes and Bennett, 2018). In addition, the hCG hormone is involved in the formation of vessels
and the placenta, the differentiation of fetal cells and growth of fetal organs and preventing
premature contractions of the uterus musculature (Barjaktarovic et al., 2017).

The many processes mediated by progesterone include the adaptation of the cervix for
implantation of the fetus and differentiation of stromal cells into decidual cells. Furthermore,
increasing progesterone levels prevent uterine contractions both by diminishing the levels of
receptors for prostaglandin and oxytocin and directly inhibiting the contraction of resident smooth
muscle cells (Sykes and Bennett, 2018). Rising estrogen levels are responsible for neoangiogenesis
and the formation of tissues that become the placenta and support lactation (Noyola-Martinez et al.,
2019). These hormonal changes cause the typical fatigue, nausea, constipation, and headaches
associated with early pregnancy (Fuhler, 2020). Moreover, the growing placenta also produces
hormones, including human placental lactogen (HPL), relaxin and human chronic gonadotrophin.

The Oral Microbiome — The healthy human oral cavity contains approximately 50-100 million
bacteria belonging to 700 species (Kilian et al.,, 2016), including Lactobacilli, Staphylococci,
Streptococcus (Dewhirst et al., 2010; Kumar et al., 2013; Saadaoui et al., 2021). The composition of
this complex community is affected by several factors, such as nutrition, oxygen levels, and pH
(Saadaoui et al., 2021). Imbalances in the oral microbiome have been found to be associated with
certain diseases, as well as with pregnancy. Imbalances in the oral microbiota, particularly during
pregnancy, have been linked to a variety of disorders (Farrell etal., 2012). In fact, the oral
microbiome of a healthy pregnant woman and a pregnant woman with certain diseases, e.g.,
gestational diabetes, differ.

The changes in microbiome that occur in connection with pregnancy include the microbiome in
the oral cavity. For instance, the microbiome detected in saliva differs between pregnant and non-
pregnant women, with the former showing an abundance of,
e.g., Porphyromonas, Treponema and Neisseria, while in the
latter, Veillonella and Streptococcus were overrepresented. The oral microbiome of pregnant
women contain  high numbers of bacteria, mainly during the first trimester
including Porphyromonas, Neisseria, and Treponema and certain pathogenic bacteria. Moreover,
certain specific species of bacteria, such as Staphylococci, Streptococci, Aggregatibacter
actinomycetemcomitans, and Porphyromonas gingivalis, are more abundant in the oral microbiome
during the first and second trimesters of pregnancy. During pregnancy, the proliferation and growth
of Streptococcus, Lactobacillus, Escherichia coli, and Bifidobacterium species vary.

Furthermore, the hormonal changes that pregnant women undergo promote the formation of
bacterial plaque, thereby resulting in gingivitis, especially during the second to third trimesters,
which causes complications of pregnancy such as preeclampsia, preterm birth (PTB), low birth
weight, and miscarriage. The amniotic fluid of a woman who went into preterm labor
contained Fusobacterium nucleatum, suggesting that oral bacteria can translocate to the placenta. In
another woman who suffered from gingivitis and gave an unusual full-term
stillbirth, Fusobacterium nucleatum was detected in both the placenta and newborn infant,
indicating that this bacterium originated from the maternal subgingival plaque. It appears possible
that the environments in the oral cavity and placenta contain similar factors that promote
colonization and growth of Fusobacterium nucleatum.
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In addition, a positive correlation between the presence of a periodontopathogen
(Porphyromonas gingivalis) and progesterone levels in the first trimester of pregnancy was
observed. Other studies confirmed the growth of certain gram-negative anaerobic bacteria,
including Prevotella nigrescens, Campylobacter rectus, and Prevotella intermedia, which is
promoted by the hormonal changes that occur during pregnancy. Moreover, high estrogen levels
promote infection by Candida.

Conclusion

The pregnant state is characterized by a myriad of alterations in the normal physiology of the
gravid woman. An understanding of some of the major mechanisms that produce these changes is
helpful in the analysis of symptoms and problems that arise during the course of a normal gestation.
When associated disease is present, understanding of these alterations becomes more important in
that they must be distinguished from pathophysiologic changes wrought by the disease process. The
interaction between disease and gestational physiology may make the appropriate diagnosis and
management of the pregnant woman difficult. When a pregnant woman requires medical or surgical
therapy, the consultative services of an obstetrician or clinician trained in the complexities of
maternal physiology is absolutely critical to the proper management of clinical problems.
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