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The aim of this study was to investigate the correlation between dental anxiety,
salivary cortisol, and salivary alpha amylase (sAA) levels. Furthermore, the aim was to
look into individual differences such as age, race, gender, any existing pain, or
traumatic dental experience and their effect on dental anxiety. This study followed a
cross-sectional design and included a convenience sample of 46. Every patient was
asked to complete the Dental Anxiety Scale (DAS) and a basic demographic/dental
history questionnaire. A saliva sample, utilizing the method of passive drooling, was
then collected in 2-mL cryovials. Samples were analyzed for salivary cortisol and sAA
levels by Salimetrics. Significant associations were observed between DAS scores and
presence of pain and history of traumatic dental experience. However, no significant
correlations were observed between DAS, cortisol, and sAA levels. Our study
reconfirms that dental anxiety is associated with presence of pain and a history of
traumatic dental experience. On the other hand, our study was the first to our
knowledge to test the correlation between the DAS and sAA; nevertheless, our
results failed to show any significant correlation between dental anxiety, cortisol, and
sAA levels.
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Dental anxiety is a very common phenomenon and
remains an obstacle for many patients to seeking

proper dental care despite all the technological
advances in dentistry. Multiple etiologies have been
proposed in the past. Thomson et al1 suggested that
even though endogenous factors (personality traits)
play a role in its development, it develops mainly from
exogenous (conditioning) factors. Van Wijk and Hoog-
straten2 revealed that a single early traumatic experi-
ence can be the main cause of dental anxiety.
Oosterink et al3 showed that a previous traumatic
experience may involve pain, negative dentist remarks
(NDR), and strong negative emotional responses. As a
consequence, these variables act as predictors for
cancelled/missed appointments, a decrease in pain
threshold with increase in patient discomfort, poor

compliance, increased number of emergency appoint-
ments, jeopardized patient/dentist relationship, high
Decayed Missing and Filled Teeth (DMFT) index, poor
oral health perception, decreased self-esteem, and
decreased oral health–related quality of life.4–11 Wom-
en were found to be more affected than men, and there
is a tendency for the younger age groups to have more
anxiety.12

Dental anxiety was found to have a direct relationship
with pain perception.13 Rhudy and Meagher14 suggested
that the pain reactivity is modulated by emotional stress.
In addition, Loggia et al15 revealed changes in pain
pathways on neuroimaging techniques with a negative
emotional state. Furthermore, Klages et al16 revealed
that anxiety increases expected or experienced pain
where patients with higher anxiety levels predicted a
higher pain experience.

Anxiety is regarded as a form of stress and, thus, has a
physiological impact on the body. Stressors can cause
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the activation of the autonomic nervous system (ANS),
which prepares the body for the fight-or-flight reaction,
and the hypothalamic-pituitary-adrenal (HPA) axis.

When the autonomic nervous system (ANS) gets
activated, it causes the release of epinephrine and
norepinephrine from the adrenal medulla.17 Norepi-
nephrine was shown to increase the secretion of salivary
alpha amylase (sAA) from the acinar cells of the parotid
and submandibular salivary glands.18 It was suggested
that the level of alpha amylase in the saliva reflects the
autonomic nervous system (ANS) activity and that
measuring it presents an easy, noninvasive measure of
ANS activity compared to measuring the actual cate-
cholamines in serum.18 sAA levels were shown to
increase in response to various stressors like exercise,
cold exposure, and hypertension, in addition to psycho-
logical stress.18 Nator et al19 also demonstrated that sAA
has a definite circadian rhythm wherein its levels
fluctuate during the day in a definite pattern. Because
the ANS is considered a rapid response, it was suggested
that it may be a better measure of stress compared to
measuring the hypothalamic-pituitary-adrenal axis re-
sponse.17–20

Upon activation of the hypothalamic-pituitary-adrenal
axis, cortisol gets secreted from the adrenal cortex to all
body fluids, including saliva. It was demonstrated in the
past that salivary cortisol increases in response to stress
and anxiety, and that it also presents an easy,
noninvasive way of measuring stress.20 Cortisol levels
in the saliva have been shown to be higher in patients
with oral lichen planus.21 In addition, they were higher in
patients undergoing wisdom teeth extractions and prior
to urgent dental care.22 Similar to alpha amylase, cortisol
has a definite circadian rhythm.

The Dental Anxiety Scale (DAS), devised by Norman
Corah in 1969, is the most commonly used scale to
measure dental anxiety.23 It was found to have high
validity and is easy to administer; therefore, it was
adopted as a measure of dental anxiety in this study.

Stress and sAA associations have been well docu-
mented and studied in the literature24–28; however, to
our knowledge, no literature exists on the correlation
between dental anxiety and sAA. Therefore, the aim of
this study was to see if there is any correlation between
dental anxiety, sAA, and salivary cortisol levels. In
addition, the aim was to see if individual variations such
as age, gender, race, presence of pain, or history of
traumatic dental experience exhibit associations with
dental anxiety. We hypothesized that dental anxiety is
correlated with an increase in both alpha amylase and
cortisol levels; furthermore, that presence of pain and a
history of traumatic dental experience are associated
with higher dental anxiety levels.

METHODS

This study took place at Tufts University School of
Dental Medicine. It followed an observational, cross-
sectional design. The Institutional Review Board at Tufts
University approved all procedures and protocols.
Informed consent was given by all participants.

A sufficient sample size resulting in 80% power and
type I error rate of 5% was calculated based on previous
literature. From prior literature20 a Pearson correlation
coefficient equal to 0.535 yielded statistically significant
results. Using the same value, with the aid of nQuery
advisor version 7.0, aiming for 80% power and a type I
error rate of 5% showed that a sample size of 23 would
be required. In order to increase the power, we used a
sample size of 50, which resulted in a power of over
90% while maintaining a type I error rate of 5% (nQuery
Advisor version 7.0).

Inclusion criteria for the study entailed that participants
had no prior history at Tufts Dental School and were
presenting as new patients. Adult patients, age range
18–80, who were in good systemic health were
considered.

Exclusion criteria included: first, patients with any
preexisting conditions affecting cortisol levels, such as
adrenal gland insufficiency; second, pregnant women, or
women taking oral contraceptives; third, asthmatic
patients who were on steroid inhalers; fourth, patients
with xerostomia and those taking B-blockers, because of
their effect on salivary flow; lastly, patients on antide-
pressants or antipsychotic medication, because of their
effect on mood and mental status.

Smokers were included on the provision that they
agreed not to smoke for at least 2 hours prior to sample
collection. In addition, patients were asked not to
consume a major meal at least 4 hours prior to sample
collection, and to avoid caffeinated and alcoholic
beverages at least 12 hours prior to sample collection.

Sample collection was performed between the hours
of 9 AM and noon to account for the diurnal rhythm for
both cortisol and alpha amylase.

Patients were offered a free exam and cleaning, a
value of $150, as incentive for participation, and sample
collection took place over a 7-month period.

Upon participants’ approval, and their meeting all
inclusion/exclusion criteria and signing informed con-
sent, they were asked to complete Corah’s DAS, as well
as a basic demographic/dental history questionnaire. A
saliva sample was then collected utilizing the method of
passive drooling, using 2-mL cryovials provided by
Salimetrics. Participants were asked to allow the saliva
to pool at the floor of the mouth first, before ejecting it
into the cryovials through a short piece of straw. Sample
collection was done over a maximum of 5 minutes, and
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the time and the volume of the samples were recorded.
Samples were stored at �808C until ready for analysis.
Once all samples were collected, analyses for alpha

amylase and cortisol levels were done by Salimetrics. At
the time of analysis, 4 samples were excluded because of
evidence of blood contamination within the samples.
Data collected from these 4 samples were not included in
the subsequent analyses. The final sample size included
in the analyses was 46.
The primary outcomes in this study were sAA

measured in U/mL and salivary cortisol measured in
lg/dL. The DAS score was the primary predictor for the
analyses done for the above salivary biomarkers;
however, it was also the outcome variable for the
secondary analyses. Predictors that were included in
the secondary analyses, which allowed for comparisons
between basic sample characteristics and dental anxiety,
were age, gender, race, presence of pain, and history of
traumatic dental experience. Salivary flow rate was
considered a potential confounder for sAA levels; thus,
sAA output (in U/min) was calculated by multiplying sAA
levels with salivary flow rate for each sample. A summary
of all variables and sample demographics can be found in
Tables 1 and 2.

RESULTS

All analyses were performed utilizing IBM’s SPSS
version 18 (SPSS, Inc). DAS associations with gender,
race, presence of pain, and history of traumatic dental
experience were performed using independent-samples t
tests. Levene’s test was utilized to test for equal
variances. Pearson’s correlation coefficient was used to
correlate between salivary cortisol, sAA, age, and DAS.
Result summaries can be found in Tables 1 through 3
and Figures 1 through 8. Some of the main analyses are
described below.

DAS and Pain

Seven subjects reported pain. Their mean DAS score
was 14.00 (SD¼ 4.76). On the other hand, 39 subjects
did not report pain, and their mean DAS score was 9.33
(SD ¼ 3.04). An independent-samples t test was
performed to test the association between DAS and
presence of pain. Equal variances were tested using
Levene’s test, and equal variances were assumed (P ¼
.226). A statistically significant association was observed

Table 1. Summary of Sample Demographics (N ¼ 46)†

Variable % in Sample Total DAS Score Mean (SD) t P Value

Gender
Males 56.52 26 9.92 (2.99) �0.249 .805
Females 43.48 20 10.20 (4.55)

Race
Whites 78.26 36 10.58 (3.65) �1.931 .060
Nonwhites 21.74 10 8.10 (3.38)

Pain
Yes 15.22 7 14.00 (4.76) �3.411 .001*
No 84.78 39 9.33 (3.05)

Traumatic Experience
Yes 45.65 21 11.29 (4.49) �2.168 .047*
No 54.35 25 9.00 (2.55)

PLA
Yes 21.74 10 12.20 (4.47) �2.164 .036*
No 78.26 36 9.44 (3.29)

PDTF
Yes 28.26 13 10.39 (4.25) �0.388 .700
No 71.74 33 9.91 (3.53)

TTEOS
Yes 23.91 11 11.55 (4.08) �1.566 .125
No 76.09 35 9.57 (3.51)

NDR
Yes 15.22 7 13.57 (5.16) �2.070 .079
No 84.78 39 9.41 (3.06)

† t values represent outcomes of independent-samples t tests. P values represent DAS associations with variables using
independent-samples t tests. DAS indicates Dental Anxiety Scale; PLA, painful local anesthesia injection; PDTF, pain reported while
drilling tooth for a filling; TTEOS, traumatic tooth extraction or oral surgery; and NDR, negative dentist remarks.

* Statistically significant at P , .05.
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between DAS and presence of pain (t ¼ �3.411, P ¼
.001). (See Table 1 and Figure 1 for summary of data.)

DAS and History of Traumatic Experience

Twenty-one subjects reported a history of traumatic
dental experience. Their mean DAS score was 11.28
(SD ¼ 4.49). On the other hand, 25 subjects did not
report a traumatic dental experience, and their mean
DAS score was 9.00 (SD ¼ 2.55). An independent-
samples t test was performed to test the association
between DAS and history of traumatic dental experi-
ence. Equal variances were tested using Levene’s test,
and equal variances were not assumed (P ¼ .015). A
statistically significant association was observed between
DAS and history of traumatic dental experience (t ¼
�2.168, P ¼ .047). (See Table 1 and Figure 1 for
summary of data.)

To investigate this further, the type of traumatic
experience was analyzed as follows:

DAS and Painful Local Anesthesia Injection.
Ten subjects reported history of a painful local anesthesia
injection. Their mean DAS score was 12.20 (SD ¼
4.47). On the other hand, 36 subjects did not report a

painful local anesthesia injection, and their mean DAS
score was 9.44 (SD¼3.29). Equal variances were tested
using Levene’s test, and equal variances were assumed
(P ¼ .256). An independent-samples t test was per-
formed and a statistically significant association was
observed between DAS and history of painful local
anesthesia injection (t¼�2.164, P¼ .036). (See Table 1
for summary of data.)

DAS and Pain Reported While Drilling Tooth
for a Filling, Traumatic Tooth Extraction or Oral
Surgery, and Negative Dentist Remarks (NDR).
Thirteen subjects reported history of pain reported while
drilling tooth for a filling (PDTF), 11 reported traumatic
tooth extraction or oral surgery (TTEOS), and 7 reported
NDR. Their mean DAS scores were 10.39 (SD¼ 4.25),
11.55 (SD¼ 4.08), and 13.57 (SD¼ 5.16) respectively.
On the other hand, 33 subjects did not report PDTF, 35
did not report TTEOS, and 39 did not report NDR. Their
mean DAS scores were 9.91 (SD ¼ 3.53), 9.57 (SD ¼
3.51), and 9.41 (SD ¼ 3.06) respectively. Equal
variances were tested using Levene’s test, and equal
variances were assumed for PDTF and TTEOS (P ¼
.257, P ¼ .709); however, they were not assumed for
NDR (P ¼ .029). Independent-samples t tests were
performed; however, no statistically significant associa-
tions were observed between DAS and PDTF, TTEOS,
or NDR (t¼�0.388, P¼ .700; t¼�1.566, P¼ .125; t¼

Table 2. Summary of Continuous Variables in Sample (N¼ 46)*

Variable Mean (SD) Range r P Value

Age (y) 46.07 (16.22) 19–76 �0.193 .199
sAA (U/mL) 73.73 (46.194) 3.000–171.500 �0.045 .766
sAA output (U/min) 47.11 (45.79) 0.600–178.90 �0.162 .282
Cortisol (lg/dL) 0.28 (0.27) 0.001–1.779 0.126 .403

* DAS mean (SD)¼10.04 (3.71). r¼Pearson’s correlation coefficient; outcome of correlation test between DAS and variables. P
values represent results of correlation test between DAS and variables using Pearson’s correlation coefficient. DAS indicates Dental
Anxiety Scale; sAA, salivary alpha amylase.

Figure 1. Basic demographics of sample: gender (dark gray¼
M, light gray ¼ F), race (dark gray ¼ white, light gray ¼
nonwhite), traumatic experience (dark gray ¼ no , light gray ¼
yes), pain (dark gray ¼ no, light gray ¼ yes).

Figure 2. Scatter plot showing Dental Anxiety Scale (DAS)
correlation with age (y). r¼�0.193, P ¼ .199.
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�2.070, P ¼ .079, respectively). (See Table 1 for
summary of data.)
DAS and sAA Level and sAA Output. The means

for sAA level and sAA output were 73.73 U/mL (SD ¼
46.19) and 47.11 U/min (SD¼45.79) respectively. The
mean DAS score was 10.04 (SD ¼ 3.71). Pearson’s
correlation coefficient was used to test the correlation
between these variables; however, no statistically signif-
icant correlations were observed (r¼�0.045, P¼ .766, r
¼ �0.162, P ¼ .282 respectively). (See Table 2 and
Figures 3 and 4 for summary of data.)
DAS and Salivary Cortisol Levels. The mean

salivary cortisol level was 0.277 lg/dL (SD¼0.273) and
the mean DAS score was 10.04 (SD¼ 3.71). Pearson’s
correlation coefficient was performed to test the
correlation between DAS and salivary cortisol levels;
however, no significant correlation was observed (r ¼
0.126, P ¼ .403). (See Table 2 and Figure 5 for
summary of data.)

sAA and sAA Output. The mean sAA was 73.730
U/mL (SD ¼ 46.194) and the mean sAA output was
47.107 U/min (SD ¼ 45.791). Pearson’s correlation
coefficient was performed to test the correlation between
sAA and sAA output. A statistically significant associa-
tion was observed between these variables (r¼ 0.630, P
, .001). (See Table 3 and Figure 6 for summary of data.)

sAA, Flow Rate, and Volume. The mean sAA was
73.730 U/mL (SD ¼ 46.194) and the means for flow
rate and volume were 0.60 mL/min (SD ¼ 0.48) and
1.43 mL (SD¼ 0.47) respectively. Pearson’s correlation
coefficient was performed to test the association
between sAA, flow rate, and volume collected. No
significant association was observed for flow rate (r ¼
0.126, P ¼ .404); however, a statistically significant
correlation was observed for volume (r ¼ 0.394, P ¼
.007). (See Table 3 and Figures 7 and 8 for summary of
data.)

Figure 3. Scatter plot showing Dental Anxiety Scale (DAS)
correlation with salivary alpha amylase (sAA) (U/mL). r ¼
�0.045, P ¼ .766.

Figure 4. Scatter plot showing Dental Anxiety Scale (DAS)
correlation with salivary alpha amylase (sAA) output (U/min). r
¼�0.162, P ¼ .282.

Figure 5. Scatter plot showing Dental Anxiety Scale (DAS)
correlation with salivary cortisol (lg/dL). r¼ 0.126, P¼ .403.

Figure 6. Scatter plot showing salivary alpha amylase (sAA)
correlation (U/mL) with sAA output (U/min). r ¼ 0.630, P ,
.001.
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DISCUSSION

Anxiety and Pain

In agreement with previous literature, our study results
do confirm a relationship between dental anxiety and
pain. In their study about perceived pain in relation to a
dental hygienist treatment, Hakeberg and Cunha29

demonstrated that even though patients generally report
higher anxiety towards dental treatment, it was shown
that perceived pain is correlated with higher anxiety
towards different aspects of a dental hygiene treatment.
Their results also showed higher anxiety reported in
women. Another review by Loggia et al15 demonstrated
evidence that psychological factors influence pain
perception. This is revealed by changes in activity in
pain pathways with changes in attentional state, stress,
and positive and negative emotions via neuroimaging
techniques. Furthermore, Van Wijk and Makkes30

demonstrated that anxious patients report more per-
ceived pain than nonanxious patients while receiving a
local anesthesia injection, and Klages et al16 showed that
patients with high anxiety report and anticipate more
pain when exposed to a critical situation. Our study
outcomes reconfirm the results of previous literature in
which higher anxiety scores were reported in patients
who had pain.

Anxiety and Previous Traumatic Dental Experience

In regards to the effect of a prior traumatic experience on
dental anxiety, Agdal et al5 showed that anxious patients
might experience intrusive recollection of earlier dental
experiences, similar to patients with posttraumatic stress
disorder. Locker et al8 also suggested that a negative dental
experience is the most stated single cause of dental anxiety.
In addition, Van Wijk and Hoogstaten2 demonstrated that
people’s expectations of pain could make them susceptible
to ending up in a vicious circle of anxiety, fear of pain, and
treatment avoidance.Our study results did reveal a significant
correlation between dental anxiety and a prior traumatic
dental experience. Considering the type of negative
experiences reported, history of a painful local anesthesia
injection reached statistical significance, whereas TTEOS,
PDTF, and NDR did not reach statistical significance.

Anxiety, Stress, and Salivary Cortisol

Previous studies by Shah et al21 and Hill24 have
demonstrated a positive correlation between stress,
anxiety, and salivary cortisol levels. A study by Krueger
et al31 showed that patients who have higher anxiety
showed significantly higher salivary cortisol levels in an
educational session compared to those who had a low

Figure 8. Scatter plot showing salivary alpha amylase (sAA)
(U/mL) correlation with volume collected (mL). r¼ 0.394, P¼
.007.

Figure 7. Scatter plot showing correlation between salivary
alpha amylase (sAA) (U/mL) and flow rate (mL/min). r ¼
0.126, P¼ .404.

Table 3. Summary of sAA Correlations with Salivary Variables (N ¼ 46)

Variable Mean (SD) Range r P Value

sAA output (U/min) 47.11 (45.79) 0.60–178.90 0.630 .000*
Flow rate (mL/min) 0.60 (0.48) 0.05–1.80 0.126 .404
Volume (mL) 1.43 (0.47) 0.25–2.0 0.394 .007*

† sAA mean (SD)¼73.73 (46.19). r¼Pearson’s correlation coefficient; outcomes of correlation tests between sAA and variables.
P values represent results of correlation between sAA and variables using Pearson’s correlation coefficient. sAA indicates salivary
alpha amylase.

* Statistically significant at P , .05.
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dental anxiety score. In addition, a study by Koray et al32

found a positive association between state/trait anxiety
scores and salivary cortisol in patients with oral lichen
planus. Furthermore, in a study by Miller et al22 it was
demonstrated that salivary cortisol levels in dental
treatment are highest in patients undergoing tooth
extraction compared to other procedures such as
prophylaxis, restorative, and examination. On the
contrary to all prior literature mentioned, Brand33

attempted to correlate between DAS scale score and
salivary cortisol; however, no statistically significant
correlation was observed. In comparison to all the
studies mentioned, our study results did not show any
significant correlation between the DAS score and
salivary cortisol levels.

DAS, Flow Rate, and sAA

Previous literature by Nator et al,16,18, Nator and
Rohleder17 Rohleder et al,34 Allwood et al,35 and Kang
et al36 looked at the correlation between stress conditions,
including psychological stress, and the levels of sAA. They
all showed that stress causes a significant increase in sAA
levels when patients were exposed to a stressful condition
compared to a rest condition. In addition, Noto et al37 and
Takai et al20 looked at the correlation between state/trait
anxiety scoring and alpha amylase levels and found a
significant correlation. Our study was the first, to our
knowledge, to examine the correlation between the DAS
and sAA; nevertheless, our results did not reveal any
significant correlation, and there were no significant
differences based on age, gender, or race.
Considering the effect of flow rate on sAA, our results

were in line with other studies by Beltzer et al38 and
Rohleder et al34 wherein a positive correlation was
observed between the alpha amylase levels (U/mL) and
the alpha amylase outputs (U/min). In the study by
Rohleder et al,34 the effects of flow rate on sAA levels
were examined in both baseline and stress conditions,
and it was concluded that the sAA and sAA output
responses to stress were significantly higher in both
parameters; therefore, the stress response was the same
irrespective of flow rate. In addition, our results showed a
significant correlation between sAA and sAA output,
which reconfirms previous findings by Rohleder et al.34

In regards to the correlation between alpha amylase level
and volume of saliva collected, our study results revealed a
positive correlation between sAA level and volume of saliva
collected. This contradicts the results achieved by Beltzer et
al,38 who demonstrated a decrease in sAA levels with the
increase in volume over collection time of 5 minutes,
utilizing the method of passive drooling.

Limitations

Our study design had some limitations. First, a conve-
nience sample was utilized to achieve the sample size
needed, and it consisted of new patients who had never
been seen in the clinic before. We had no way of
predicting their anxiety level or previous dental history, if
any. Second, the patients were presenting for a regular
exam appointment and few of them reported pain.
Lastly, only 1 saliva sample was collected from each
patient, which represented pretreatment levels of the
salivary biomarkers tested. The levels could have been
low because the patients had not been exposed to any
dental treatment yet, and they all knew that they were
not getting any dental treatment done.

Based on the results of our study, we can conclude that
presence of pain and any history of traumatic dental
experience are associated with patients’ dental anxiety
level. As far as the type of traumatic dental experience, a
painful local anesthesia injection was found to be
associated with the anxiety experienced by patients
compared to other types of traumatic experiences.
Dental anxiety, nevertheless, was not found to be
associated with an increase in salivary cortisol or sAA
levels, and there were no differences between gender,
race, and age. Future research should aim at comparing
baseline levels of these biomarkers with any changes due
to different types of dental treatment, such as cleanings,
extractions, and fillings, and correlate their levels to
dental anxiety. In addition, the effects of volume and flow
rate on the level of sAA will need to be looked into
further in future research to determine whether the
volume collected may be a potential confounder for
alpha amylase in addition to salivary flow rate.
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