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KEY POINTS

� Stress is a process that activates a set of reactions involving behavioral and physiologic
responses.

� The stress response involves an efficient and complex system with modulation at different
levels of the central nervous system being driven largely by neural mechanisms, including
activation of the hypothalamic–pituitary–adrenal (HPA) axis.

� The HPA axis is a neurohormonal system necessary for adaptation, resulting from the
interaction among 3 distinct organs, which mediates the secretion of corticotropin-
releasing hormone in the hypothalamus, adrenocorticotropic hormone in the pituitary,
and glucocorticoid hormone-cortisol in the adrenal cortex.

� Stress and activation of the HPA axis associated with dental care can negatively interfere
with the efficacy of dental treatment, affecting adherence and resulting in total treatment
interruption or delay of subsequent appointments.
INTRODUCTION

Stress has been a topic of study in variousmedical specialties for several decades, and
toaddress it, approacheshavebeenmade to understand its effects on thedifferent sys-
tems of the organism. The response to stressful stimuli is elaborated by a system that
integrates a wide diversity of brain structures, which collectively can detect events and
interpreting them as real or potential threats.1,2 The integration of this information
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results in a rapid activation of the hypothalamic–pituitary–adrenal (HPA) axis , being a
fundamental component of the stress response.1,3 On the other hand, people tend to
feel stress in association with dental treatment; this can be triggered by restlessness
and fear, understanding that this expression is multifactorial and multidimensional,
which considers physiologic, behavioral, and cognitive components of the person.4,5

Accordingly, the aim of this article is to describe the effect of stress in its interaction
with the HPA axis on the prognosis of dental treatment. In the first instance, general
aspects related to the stress process and the participation of the HPA axis will be
reviewed, to later relate them to the prognosis of dental treatment.
STRESS AS A PROCESS

Understanding the concept of stress and its biologic substrate is fundamental to com-
prehending its role in different processes. Hans Selye6 was one of the first to define it
from the biologic point of view, considering stress as “a nonspecific response of the
body to any demandmade on it.”1,2,7 Other definitions consider it as a state of homeo-
static alteration,which generates a response in the organism tomaintain homeostasis.2

Stress activates a set of reactions involving behavioral and physiologic responses
(neuronal, metabolic, and neuroendocrine) that allow the organism to respond to the
stressor in the most adapted way possible.8 This response ultimately reflects the acti-
vation of specific circuits genetically constituted in the individual and constantly modu-
latedby the environment.2 For this process to be initiated, the organismmust perceive a
threat, either real or potential, which leads to the release of various types of molecules.
The interaction between thesemolecules with their respective receptors, at the periph-
eral and central levels, may result in the stress response. This response, through
physiologic and behavioral mechanisms, helps restore the body’s homeostasis and
promote adaptation.1

The stress response involves an efficient, evolving, and complex system, with mod-
ulation at various levels of the central nervous system (CNS), being driven to a greater
extent by neuronal mechanisms, which activate 2 types of circuits in the CNS, and
which develop mainly in 2 phases. The first phase begins with the perception of a
stressor; when this situation is perceived as a threat, neuronal pathways are recruited
in the brain to maintain physiologic integrity, which involves the activation of the first
circuit at the level of the spinal cord, particularly the adrenomedullary sympathetic sys-
tem. In this way, a rapid physiologic adaptation is provided, with a short-duration
response, generating a state of alertness, vigilance, and evaluation of the situation
to be faced. The second circuit, and with it, the second phase, involves a neurohor-
monal process, where the interpretation of the information by supraspinal structures
is required and refers to the activation of the HPA Axis. This is a slower process, which
generates an amplified and prolonged response.1,2,9

The neural mechanisms that drive chronic stress responses may be distinct from
those that control acute reactions, including the recruitment of new limbic, hypotha-
lamic, and brainstem circuits. It is critical to consider that an individual’s response
to acute or chronic stress is determined by a variety of factors, including genetics,
early life experience, environmental conditions, gender, and age. The context in which
the stressors are generated will determine whether the individual’s responses are
adaptive.9,10

Patients in general many a time feel that stress is “bad.” However, physiologically
speaking, it may not be all that deleterious. Stress is also part of the defensive phenom-
enon. For example, a mother who loses her toddler child in a crowd does not really sit
aroundwaiting for the child just to showup. Her instinctive activation of the acute stress
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responsebrings about the rapid response of vigilance and the innate impulse to actively
search for her offspring. In general, when stress is not biologic, chronic stress may
become pathologic with deleterious effects on the body and mind.

HYPOTHALAMIC–PITUITARY–ADRENAL AXIS

The HPA axis corresponds to a neurohormonal system that integrates the secretion of
corticotropin-releasing hormone (CRH) in the hypothalamus, adrenocorticotropic hor-
mone (ACTH) in the anterior pituitary, and cortisol in the adrenal cortex. The HPA axis
is therefore initiated in the hypothalamus, particularly in the hypophysiotropic neurons
of the parvocellular nucleus (PVN) of the hypothalamus, since it is in this nucleus where
information from various areas of the CNS is integrated. These neurons send projec-
tions to the median eminence of the brainstem, and when activated, they discharge
CRH and other releasing factors into the pituitary portal capillary system. These
releasing factors are directed to the anterior pituitary, where they stimulate cortico-
tropes to release ACTH into the systemic circulation. ACTH acts on cells in the zona
fascicularis of the adrenal cortex to stimulate the production and secretion of gluco-
corticoid hormones (GCs) into the general circulation, particularly cortisol in humans,
and to a lesser extent mineralocorticoids. Once released into the bloodstream, 75% to
80% of the GCs bind to plasma proteins, and a low fraction remain free exerting their
immediate physiologic effect, thus maintaining a constant blood glucose level to
nourish the muscles, heart, and brain.2,3,7,8,10–12

Under physiologic conditions, the HPA axis presents a circadian regulation, with a
low basal activity level that varies with the time of day, in addition to presenting nega-
tive feedback mechanisms mediated by GCs. ACTH and GCs levels are highest near
the beginning of the waking period and are lowest near the beginning of the inactive
period; this rhythm depends on neuronal circuits sensitive to changes in light,
including afferents from the suprachiasmatic nucleus to the PVN, which physiologi-
cally promotes PVN activation but in stressful situations acts as an inhibitor.2,7,10–12

It is important to consider then that the HPA axis response to stress results from the
interaction among these 3 distinct organs, each of which has its own intrinsic check-
points for the regulation of GCs secretion.7,9

STRESS: HYPOTHALAMIC–PITUITARY–ADRENAL AXIS INTERACTION AND DENTAL
TREATMENT

The regulation of stress reactivity is a fundamental priority for all organisms. Stress re-
sponses are critical for survival, but they can also generate effects at the physical as
well as the psychological level.7 As mentioned earlier, stress responds to a real or
perceived threat to the organism’s homeostasis or well-being, and the HPA axis is
necessary for adaptation. The perception of different stressors involves complex
activationnetworks,beingdependent on the typeof stressor or stressor involved.Reac-
tive responses to homeostatic disruption often involve direct noradrenergic conduction,
whereas anticipatory responses use oligosynaptic pathways originating in limbic struc-
tures. These brain networks ultimately evoke physiologic responses to stress, including
activation of the HPA axis, with consequent release of GCs-cortisol, which act on
multiple organ systems to redirect energy resources to meet actual or anticipated de-
mand.1,9,11 On the other hand, circulating concentrations of GCs-cortisol are main-
tained within normal limits through negative feedback on hypothalamic–pituitary
releaseofCRHandACTH.2,3,8,10 In thehypothalamus, the increase inGCs-cortisol early
generates a decrease in the frequency of PVN release; thus, the stimulatory effect of
CRH on ACTH secretion is inhibited by the action of GCs-cortisol. Importantly, CRH
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neurotransmission isnot limited to thecommunicationbetween thePVNand theanterior
pituitary, as the existence of extra hypothalamic regulatory mechanisms on PVN func-
tion has been observed, sinceCRH is also expressed in other stress-regulating brain re-
gions, including the central amygdala and the bed nucleus of the stria terminalis,2,3,7,11

which act as relay centers of the HPA axis, modulating its activity in response to stress.
The purpose of the counter-regulatory mechanism described earlier is to maintain

stable basal levels of ACTH and GCs-cortisol. However, repeated or sustained activity
of stress responses produces a series of long-term adaptations in these systems,
generating changes in gene expression and synaptic plasticity in the stress-
regulating brain regions. This situation produces habituation and facilitation phenom-
ena, changes in PVN inputs to favor neuronal excitability, elevated CRH expression,
and adrenal hypertrophy, resulting in increased HPA axis excitability with chronic
exposure to GCs-cortisol.2,3,11

In dentistry, practitioners are aware of the variations that exist in theway patients react
to treatment. Maybe small number of people are happy to undergo dental treatment;
however, most of them can control themselves sufficiently to accept treatment without
excessive signs of stress. However, there is a surprisingly large group of patients in
whom stress is more obvious, manifesting itself in a variety of ways and may result in a
negative response to treatment. It is estimated that between10%and15%of thegeneral
population suffers somedegree of stress in the face of dental treatment, being perceived
as an agonizing experience (Fig. 1).13–15 This is triggered on several occasions byanxiety
and fear, with special reference to the expectation of pain, this being one of themain rea-
sons for missing dental appointments. According to the study carried out by Rodriguez
andcolleagues,16approximately97%of thepatientsmanifest somedegreeofstressdur-
ing the execution of their dental treatment.4,5,13,17,18

Traditionally dental treatment has been related to pain, where the stress response to
pain or even the anticipation of it, initiates the activation of the HPA axis, being a phys-
iologic process that can be expressed in all people.4 However, the stress generated by
dental care causes certain effects in the body in response to the real or perceived
threat; these effects include tachycardia, increased blood pressure, hyperglycemia,
mydriasis, hyperthermia, nausea, sweating, excessive salivation, and secretion of
GCS-cortisol generated by the activation of the HPA axis, which can negatively affect
important biologic mechanisms and be a risk factor in the development of certain sys-
temic diseases.15,18–20 In particular, the immediate period waiting for dental treatment
is commonly described as an anxiogenic factor, with prevalence rates ranging from
approximately 5% to 20%, being an important factor to consider.18–22 In reference
to the triggers of stress/anxiety in dental treatment, Gale and colleagues23 reported
that the situations that originate high levels of stress/anxiety are in order: the extraction
of a tooth, the drilling of a tooth, the dentist’s bad opinion about the patient’s oral
health, and lastly, the action of holding the needle in front of the patient.24

From the point of view of dental treatment prognosis, stress and activation of the
HPA axis because of dental care influence the efficacy of dental treatment, producing
interference in it. It can negatively influence the oral health status of the individual, hind-
er patient management during care, or also affect subsequent adherence to treatment,
which usually results in total interruption or delay in requesting the next appointment,
ultimately avoiding subsequent consultations.14,19–21 Eitnet and colleagues25 found
that dental treatment avoidance is highly correlated with stress/anxiety indices and
increased caries morbidity. Yet, when patients with high levels of stress/anxiety attend
their consultations, they are highly likely to avoid follow-up appointments to complete
their dental treatment. This avoidance results in a higher prevalence of oral pathology,
leading to a greater need for and complexity of rehabilitative treatment.22
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Fig. 1. Schematic representation of HPA axis stimulation. Stress is a complex phenomenon,
and its development cannot be due to a single variable. There are a number of factors that
have been consistently associated with stress in dentistry, factors that depend on the pa-
tient, the site, and the dental treatment. Any one of these factors can initiate the stress
response. HPA axis stress responses are initiated by neurons in the PVN, which is the final
integrator of the stress response. Neurons in this nucleus produce CRH, which stimulates
production in the anterior pituitary of ACTH. ACTH stimulates the production of GCs-cortisol
in the adrenal glands. In turn, GCs-cortisol inhibits its own synthesis, inhibiting the synthesis
and release of ACTH and CRH, thus self-regulation occurs.

Stress and HPA Axis 623
Due to all these factors, there are currently various models of care that seek to help
health professionals provide dental care with a view to reducing stress during care and
thereby ensure the success of treatment, using affective communication management
techniques, relaxation and breathing techniques, music therapy, and even pharmaco-
logic measures such as intravenous sedation, oral sedation, inhalant sedation, and
general anesthesia.13,17,21,24
CLINICAL IMPLICATIONS IN DENTISTRY

The complexity of the stress response is not limited to neuroanatomy or HPA axis me-
diators but diverges according to the timing and duration of exposure to the factor, as
well as its short-term and/or long-term consequences.1,2 The stress response,
through mediator molecules, promotes alterations in cellular excitability, as well as
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in neural and synaptic plasticity, leading to transient and/or permanent changes in
physiology and behavior, since HPA axis has the capacity to exert generalized effects
through the increase of circulating GCs-cortisol.1,11

One of the difficulties frequently reported by dentists during dental treatments and
with great impact on oral health is the failure to keep appointments and avoidance of
the dentist’s intervention, because of stress/anxiety before treatment.24 Furthermore,
it is important to consider that in addition to this, there are certain predisposing factors
to this type of situation, where patients with low pain thresholds stand out, which in-
crease sensitivity to dental treatment; those patients who present traits of generalized
anxiety should also be considered, and, finally, the transmission of unfavorable atti-
tudes toward dental treatment by other people is also recognized.17,19,24

SUMMARY

Consideringall of theabove, it isessential tounderstand that the regulationofstress reac-
tivity and HPA axis is a fundamental priority of all organisms, and that this response is
controlled by emotional, behavioral, and physiologic components, generating an effect
in the short and long term. The knowledge of such organization should allow the dentist
a better understanding of the process and the consequences associatedwith stress and
its HPA axis interaction, bearing in mind that one of the main consequences is the inter-
ferencewithdental treatment,whichwill usuallygenerate the interruptionof the treatment
and the avoidance of subsequent appointments, negatively affecting the prognosis in
these patients. Thus, there is a new challenge for future dentists in the search for new
tools and models of care to reduce the levels of stress/anxiety during dental treatment.

CLINICS CARE POINTS
� The response to stressful stimuli is elaborated by a system that integrates a wide diversity of
anatomic systems and structures.

� Repeated or sustained activity of stress responses produces a series of long-term adaptations,
generating changes in gene expression and synaptic plasticity, with associated habituation
and facilitation phenomena in stress-regulating brain regions.

� The interaction between stress andHPAaxis in dental treatment can interfere in theprognosis
of the treatment, negatively influencing the oral health status of individuals, hindering
patient management during care, or affecting subsequent adherence to treatment.
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8. Duval F, González F, Rabia H. Neurobiology of stress. Rev Chil Neuro-Psiquiat.
2010;48(4):307–18.

9. Herman JP, McKlveen JM, Ghosal S, et al. Regulation of the Hypothalamic-
Pituitary-Adrenocortical Stress Response. Compr Physiol 2016;6(2):603–21.

10. Panagiotakopoulos L, Neigh GN. Development of the HPA axis: where and when
do sex differences manifest? Front Neuroendocrinol 2014;35(3):285–302.

11. Packard AE, Egan AE, Ulrich-Lai YM. HPA Axis Interactions with Behavioral Sys-
tems. Compr Physiol 2016;6(4):1897–934.
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