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Salivary Cortisol, Alpha-Amylase and Heart Rate Variation in

Response to Dental Treatment in Children
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Objective. Anxiety and stress are usually related to the dental treatment situation. The objective was to
investigate salivary cortisol and alpha-amylase levels (salivary biomarkers) and heart rate in children
undergoing a minor dental procedure (dental prophylaxis). Study design. In total, 31 children (range 84-95
months) of both genders without caries or history of dental treatment/pain/trauma were selected. Three
saliva samples were gathered. one prior to dental prophylaxis, one immediately after, and one ten minutes
later. Weight and height were assessed, and heart rate was evaluated prior to and during the procedure.
Data were analyzed by correlation tests and t-test/Wilcoxon (a =0.05). Results. Higher cortisol and amy-
lase levels were observed before prophylaxis compared to afterward. Cortisol and amylase levels did not
show a significant correlation, nor did salivary biomarkers and body mass index. However, heart rate and
amylase levels showed a significant positive correlation. Conclusions. In the studied sample, certain antic-
ipation of the dental treatment was observed because higher cortisol and amylase levels were observed
before, rather than after, the event; moreover, a significant correlation between amylase levels and heart
rate was observed. Thus, salivary biomarkers may be a valuable tool for evaluating anxiety-producing

events, such as dental treatment, in children.
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INTRODUCTION

tress is commonly defined as physiological and psy-

chological reactions that mobilize an organism’s

defense against external or internal threats (stressors)
and has at least two main components." One component
involves the activation of the hypothalamic-pituitary-
adrenocortical (HPA) axis and the secretion of glucocorti-
coids (e.g., cortisol) into the circulating blood stream. The
second involves activation of the autonomic nervous system
(ANS) and the release of catecholamines (e.g., norepineph-
rine) into the blood stream.” The sympathetic component of
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the ANS is responsible for a host of effects, including ele-
vated cardiovascular tone, heart and respiratory rate, blood
flow to muscles and blood glucose. Individual differences in
the activity of the HPA axis and sympathetic nervous system
(SNS) can be measured non-invasively in saliva. Over the
past decade, there has been a dramatic increase in studies
evaluating salivary biomarkers of stress, as this process min-
imizes some of the potential confounding variables associ-
ated with blood sampling.’ Recently, the strategy of
measuring SNS activity via salivary alpha-amylase (sAA)
has become possible.*

Stress and the diurnal rhythm are modulating factors that
can upregulate the production of cortisol. Its secretory activ-
ity is characterized by peak levels 20-30 minutes after awak-
ening and a declining pattern thereafter. Salivary cortisol is
known to be an indicator of the concentration of unbound
cortisol in the serum.' Moreover, researchers have consis-
tently reported increases in sAA in response to laboratory
stress procedures. Thus, SAA may serve as a non-invasive
measure of adrenergic activity in humans.’

Dental treatment is often considered anxiety-producing
and stressful, and the anticipation of an event,® particularly
where “horror stories” abound, is likely a reliable cause of
stress.”® However, there is no consensus on the amount of
stress generated by different kinds of dental procedures.®'
To date, few studies have investigated the physiological
response to dental procedures, particularly in children.'
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Body composition, age, pubertal development, and time of
awakening have potential confounding effects on the corti-
sol-psychopathology relationship and, therefore, should be
investigated, or at least controlled."® One recent study in
adults has shown that body mass index (BMI) may be a
strong predictor of sSAA increase."

There is a lack of information concerning the evaluation
of salivary biomarkers of stress in dental treatment, espe-
cially in pediatric dentistry, where behavior management is
often necessary and may be monitored by physiological
markers. Thus, the aims of this study were to evaluate sali-
vary cortisol and sAA responses to dental prophylaxis in
young children and to examine the correlation between sali-
vary biomarkers, heart rate and BMI in a specific dental pro-
cedure that may represent a stressor event in children
without previous experience.

MATERIAL AND METHOD

A cross-sectional study design was used with subjects
recruited as a convenience sample from public schools of
Piracicaba, Sao Paulo (SP), Brazil. Children with ages rang-
ing between 84 and 95 months (approximately seven years)
of both genders were evaluated, and 31 were selected after
the conduction of complete anamnesis and clinical examina-
tion to verify their medical and dental history as well as
body variables (weight and height). The inclusion criteria
were the presence of mixed dentition, no history of dental
pain or trauma and no dental treatment experience. The
exclusion criteria were: dental caries, early tooth loss, para-
functional habits (pacifier/digit sucking, nutritive sucking
habit, bruxism and/or nail biting), systemic and/or mental
developmental disorders (including diseases of the
endocrine and metabolic systems) and medications that
would interfere with the central nervous system.

At the first appointment, the study design was explained
to the children and their parents, and their informed consent
was obtained (Ethical Committee of the Piracicaba Dental
School, protocol no. 021/2007).

In the study done by Kivlighan and Granger (2006),” the
correlation coefficient obtained between salivary alpha-
amylase and cortisol 20 minutes after a competition was -
.46. Considering an alpha level of 0.05 and power of the
test=80%, 36 subjects would be enough to conduct a similar
evaluation. In the present study, 40 children were recruited
after screening, but only 31 fulfilled the inclusion criteria.
However, this study included children with a very restricted
age range (between 84 and 95 months) to minimize potential
confounding factors.

Experimental protocol

All dental procedures involved a standardized, routine
dental prophylaxis, performed by a pediatric dentist at the
second appointment, which consisted of polishing of teeth
using a slow speed hand piece, soft rubber cup and paste
without fluoride for 15 minutes. Patients were in the supine
position, and prophylaxis was performed without local anes-
thesia. Those responsible for each child were instructed to
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wake the child between 6:30 and 7:00 AM and not to give
him or her food or drink for at least 1 h before the session.
Children did not take any medication for at least 15 days
before the dental procedure nor drink beverages with caf-
feine for one day preceding the session. To minimize the
effects of circadian rhythms, all procedures were initiated
between 9:00 AM and 9:30 AM on a weekday.” Three saliva
samples were taken: (00:00) 10 minutes before the start of
dental prophylaxis, for cortisol and alpha-amylase analysis;
(00:25) at the end of the procedure, for amylase; and (00:35)
10 minutes after the end of the procedure, for cortisol mea-
surement, as proposed by Blomqvist ef a/ ' The first saliva
sample (00:00) was taken in a calm room, in the presence of
child’s parents/guardians and with the patient in the sitting
position. For standardization of the method, the presence of
parents/guardians during dental attendance was not permit-
ted and uncooperative children were excluded.

Stimulated saliva samples at both the dental clinic and at
home were collected by chewing cotton rolls for one to two
minutes, until they were soaked with saliva (Salivettes,
Sarstedt, Numbrecht, Germany). For home saliva samples
collection (one week later), the subjects woke up as usual on
a weekday. The first sample was taken while lying in bed
and the second sample was taken 30 minutes after awaken-
ing (fasting). After chewing, the cotton rolls were placed in
the plastic tube of a salivette. Home saliva samples were
considered to evaluate the normal function of HPA axis of
the selected subjects, since free cortisol concentrations in
saliva increase by between 50% and 160% in the first 30
minutes immediately post-awakening." The salivettes were
transported on ice to the Pediatric Dentistry Laboratory on
the same day and were centrifuged (at 3500 rpm for 5 min)
and stored at -80°C until analysis."”

The average and maximum heart rates were evaluated
using a cardiac monitor (S625x, Polar, Finland), which con-
sisted of a wrist receptor and a chest belt sensor. Heart rates
were assessed before (sitting position, 10 minutes) and dur-
ing the whole dental treatment (supine position), and the
data obtained were uploaded to a personal computer for fur-
ther analysis."

Analysis of saliva

Cortisol: To minimize variation, all samples from the
same subject were assayed in the same batch (in duplicate).
Salivary cortisol was assayed using a commercial, highly
sensitive enzyme immunoassay kit (Salimetrics, State
College, PA, USA) according to the manufacturer’s direc-
tions. Twenty five wL of whole saliva was added to each
well of the microtiter plate, which was read at 450 nm in a
microplate reader (Stat Fax 2100, Awareness Tech. Inc.,
Palm City, FL, USA). Standard curves were fitted by a
weighted regression analysis, and the lower limit of sensi-
tivity was 0.003 pg/dL.

Alpha-amylase: sAA activity was assayed using a kit
(CNPG;, Synermed, Westfield, IN, USA). The assay
employs a chromogenic substrate, 2-chloro-p-nitrophenol,
linked to maltotriose. The enzymatic action of alpha-amy-
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lase on this substrate yields 2-chloro-p-nitrophenol, which
can be spectrophotometrically measured at 405 nm using a
spectrophotometer (DU800 UV/Vis, Beckman Coulter,
Fullerton, CA, USA). The amount of amylase activity pre-
sent in the sample is directly proportional to the increase
(over a 3-min period at 37°C) in absorbance at 405 nm,
expressed as international units per milliliter of saliva
(U/ml). Protein concentration was determined by the method

Table 1. Demographic data and body variables of the studied

sample.
n =31 Age Weight Height
(months) (kg) (m) BMI(Kg/m2)
Q=17 89.77 26.35 1.26 16.57
g=14 (£3.37) (£5.24) (£0.04) (£2.76)

BMI, body mass index.

Table 2. Average (+SD) salivary concentrations of total protein,
alpha-amylase, and cortisol before and after dental treat-
ment and awakening levels one week later.

sAA
Total )
protein sAA  SAA/total Cortisol
(mg/ml)  (y/mi) protein  (Mg/dl)
(U/mg)

0.57* 77.07 347.72 0.17*

Before (00:00) 042)  (4359) (419.95)  (0.11)

sAA collection 0.44** 55.56*** 347.15 )
(00:25) (0.33) (38.15) (496.23)

Cortisol collection ) ) ) 0.12*
(00:35) (0.08)
Awakening (one 1.34 51.79 215.49 0.17
week later) (1.91) (43.00) (495.93) (0.10)
80 minutes after 0.74 53.32  283.43 0.30

awakening (one

(0.17)
week later) (486.94)

(0.65) (37.39)

of Lowry et al."” using bovine serum albumin as standard.'
sAA levels were expressed as amylase corrected by protein
concentration (U/mg).

Statistics

Statistical analysis was performed using Sigma Stat (3.1
Sigma Stat Software Inc., Richmond, CA, USA) with a 5%
significance level, and normality was assessed using the
Shapiro-Wilk W-test.

A paired -test or Wilcoxon test was used to analyze the
difference in salivary concentrations of cortisol and amylase
before and after dental treatment, as well as differences in
heart rate at rest and during dental attendance. Correlations
between salivary cortisol and alpha-amylase concentrations,
heart rate and BMI were analyzed by means of Pearson’s or
Spearman’s correlation test, where appropriate.

RESULTS
The demographic characteristics and body variables of the
studied sample are shown in Table 1. Table 2 shows the aver-
age + standard deviation (SD) of the salivary concentrations
of cortisol, sAA and total protein during dental treatment
and awakening levels one week later. Cortisol, total protein
and sAA levels were significantly higher before dental pro-
phylaxis than afterward. Cortisol levels prior to dental pro-
phylaxis were comparable to those observed upon
awakening, but SAA concentration per total protein did not
differ significantly before and after dental treatment.

The average heart rate was higher prior to dental treat-
ment (sitting position) than during the session (supine posi-

Table 3. Average (+SD) heart rate before and during dental treat-
ment.

HR during dental

HR beforet (bpm) treatmentt (bpm)

sAA, alpha-amylase

* p=0.037 (paired t-test; t = 2.182 with 30 degrees of freedom;
Cl (95%) = 0.00321 to 0.0968)

** p=0.005 (Wilcoxon test)

*** p=0.001 (paired t-test; t = 3.7022 with 30 degrees of freedom;
Cl (95%) = 9.6486 to 33.3837)

Average Maximum Average Maximum
92.74* 102.97 87.74* 105.35
(9.56) (9.54) (11.99) (14.24)

HR, heart rate; bpm, beats per minute.

T sitting position

I supine position

*p < 0.0001 (paired t-test; t = -3.9265 with degrees of freedom =
30; Cl (95%) = -2.3998 to -7.6002)

Table 4. Correlation coefficients among salivary concentrations of cortisol, alpha-amylase and heart rate in response to dental treatment.

HR during den- HR during den-

sAA before SAA after den- HR before HR b.efore tal treatment  tal treatment
tal treatment (average) (maximum) .
(average) (maximum)

Cortisol before 0.21 - -0.01 -0.03 - -
sAA before - - 0.37* 0.34 - -
Cortisol after dental treatment - 0.30 - - 0.24 0.25
sAA after dental treatment - - - - 0.36* 0.41"
HR, heart rate; sAA, alpha-amylase.
* p < 0.05 (Pearson’s correlation test)
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tion), and this difference was statistically significant.
However, the maximum heart rates observed prior to and
during dental treatment did not differ significantly (Table 3).

The studied salivary biomarkers did not show any signif-
icant correlation with BMI. Moreover, no significant corre-
lation between salivary cortisol and sAA levels before and
after dental treatment was observed. Evaluation of the cor-
relation between heart rate and sAA levels showed signifi-
cant positive correlation coefficients in both observation
periods (Table 4), while cortisol did not correlate signifi-
cantly with heart rate.

DISCUSSION

Anxiety is a special variety of fear, experienced in anticipa-
tion of threatening stimuli, which is associated with a
change in blood pressure and heart rate. Corroborating the
results found, a previous study showed a significant change
in the systolic pressure and heart rate in all the situations in
the dental operatory area, such waiting in the reception area,
examination, oral prophylaxis, cavity preparation, and
extraction.® Moreover, the salivary levels of the evaluated
biomarkers were comparable to previous studies done in
children in terms of total protein,” alpha-amylase'” and cor-
tisol.” The study design took into account recent studies that
have shown that sAA reactivity peaks in response to mild-to-
moderate level challenge within 10 minutes of the event,’
more quickly than the cortisol response. Dental prophylaxis
was chosen due to its replicable and easy pattern and
because it is a procedure that does not interfere with saliva
collection and assaying.”

Higher levels of salivary cortisol, total protein and alpha-
amylase were observed before dental prophylaxis, compared
to after the procedure, even in samples from patients without
any history of dental treatment. Thus, a certain amount of
anticipation of the event was observed, corroborating the
study done by Rank et al ' Those authors observed that in
children aged 4-6 years with no previous dental treatment
experience, the percentage displaying negative self analysis
of emotional reactions (such as fear, rage and panic)
decreased after dental prophylaxis at the first appointment,
and more children expressed “happiness” or “no anxiety”
after the procedure. Moreover, it was observed that cortisol
levels prior to dental prophylaxis were similar to the level
upon awakening one week later. According to Nater et al'
and Strahler ef al' morning cortisol samples may represent
the highest levels of cortisol in the diurnal rhythm. After
dental prophylaxis (lasting 35 minutes), the cortisol levels
decreased significantly. The fact that the dental procedure
was designed not to involve pain or discomfort might serve
to minimize the increase in cortisol and amylase levels after
the end of the procedure. A previous study in older children
with low dental anxiety as controls showed cortisol levels
prior to and after dental examination reaching about half of
those observed in saliva collection upon awakening and 30
minutes after awakening.'

The study done by Miller et al 7 did not observe signifi-
cant differences in cortisol levels in adults undergoing
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routine dental procedures. However, previous studies
involving dental procedures with associated distress and
pain, such as third molar extraction, showed slight alter-
ations in HPA biomarkers like cortisol,' but significant alter-
ations in SNS biomarkers like catecholamines.” Other
studies involving the evaluation of SAA and dental anxiety
were not found for comparison. In adults, cortisol and amy-
lase levels have shown to increase after stressor events, such
a stressful video viewing” and sports competitions.” The
diurnal profile of sAA shows a pronounced decrease in the
first 30 minutes after awakening and steadily rising levels
about one hour after awakening continuing into the after-
noon and evening.” Prior to dental treatment, higher levels
of total protein and amylase were observed, compared to
after the event, and this result differs from the pattern of the
diurnal thythm of amylase.">' In terms of amylase content
per total protein, no significant difference between the two
time points was observed.

Average heart rate was higher prior to dental treatment
than during the session, although this comparison must be
drawn with caution because measures were done in different
positions (sitting and supine, respectively). Past studies have
shown that in the supine position, the parasympathetic acti-
vation in the sino-atrial node is higher than the sympathetic
tonus, as compared to the sitting position* and standing
position.’ In a study done by Goldstein ef a/ ° an increase in
heart rate was observed during third molar extraction; nev-
ertheless, the use of sedation did not decrease heart rate or
systolic pressure, and the authors suggested that other sys-
tems besides the SNS may influence the circulatory response
to stress. The present study reports a positive correlation
between average and maximum heart rates and sAA levels,
prior to and during dental treatment, confirming the assump-
tion that amylase release into the saliva is primarily con-
trolled by sympathetic arousal and, in particular, by
beta-adrenergic activity.”

The results found did not show any significant correlation
between levels of salivary stress biomarkers and BMI, cor-
roborating the study done by Rosmalen ef a/ " in children
aged 10-12 years, although past studies have found positive
correlation between cortisol levels and BMI in adults.*® No
significant correlation between cortisol levels and sAA was
noted, showing a clear distinction between these salivary
biomarkers representing different stress-sensitive system
(SNS and HPA axis, respectively).” This study included
children with a very restricted age range to minimize poten-
tial confounding factors related to age. However, limitations
of this study may include the lack of evaluation of gender
differences. The few data available seem to point towards
similar stress-related cortisol responses in younger and older
children, with no evident gender differences.” Other limita-
tion may include the lack of use of a scale to identify self-
perception of dental anxiety for the event.

The extent of anxiety a child experiences does not relate
directly to dental knowledge, but may be related to personal
experiences, family concerns, disease levels and general
personality traits,” which means that it is no easy task to
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measure dental anxiety. In children, controlled stress studies
are rare, and the results found suggest several prospect direc-
tions. Future studies should examine the response in sAA
and cortisol to various kinds of dental procedures. Salivary
biomarkers may be of importance in evaluation of behav-
ioral strategies to manage uncooperative children during
dental treatment.

CONCLUSIONS

This study showed that certain anticipation of the dental
treatment was observed because higher cortisol and amylase
salivary levels were found before, rather than after, the den-
tal prophylaxis; moreover, a significant correlation between
amylase levels and heart rate was observed. Thus, salivary
biomarkers may be a valuable tool for evaluating anxiety-
producing events, such as dental treatment, in children.
Salivary stress biomarkers may be of importance in evalua-
tion of behavioral strategies to manage uncooperative chil-
dren during dental treatment.
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