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Academic stress as a risk factor for dental caries
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Objectives: To evaluate the associations between dental caries classified according to the index for decayed, missing and
filled teeth (DMFT) and stimulated salivary flow, salivary capacity for oxidation reduction and academic stress in
undergraduate dental surgery students aged 18–22 years. Methods: This research was performed at three time-points:
March 2010, September 2010 and March 2011. The sample was composed of 73 students, including 15 male and 58 female
subjects. Data were obtained using the DMFT index to detect incident dental caries, the RD test Showa for salivary capacity
for oxidation reduction, the Sisco academic stress inventory, and sterile polyethylene to stimulate salivary flow.
Results: Logistic regression analysis showed that: subjects with stimulated salivary flow of < 1 ml ⁄ min are at increased risk
for developing caries compared with those with stimulated salivary flow of ‡ 1 ml ⁄ min; those with moderate or high levels
of academic stress are at greater risk for developing carious lesions than those with low academic stress; women are at
greater risk for developing carious lesions than men, and, of the subjects studied, younger students were more likely to
develop caries. Conclusions: Moderate to high levels of academic stress, younger age and lower salivary flow rate represent
risk factors for the development of dental caries in students.
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Because of its high prevalence, dental caries is consid-
ered one of the major public health issues worldwide.
According to the World Health Organization (WHO),
95% of the world population is affected by dental
caries1.

Although this disease has been studied using several
models, little research has examined risk factors such as
stress as causes of dental caries. Individuals in psycho-
logically stressful circumstances are subject to the
secretion of catecholamines (epinephrine and norepi-
nephrine), which causes a decrease in salivary flow and
thereby modifies salivary capacity for oxidation reduc-
tion2–4.

The decrease in salivary flow reduces the protective
function afforded by saliva and, in consequence,
increases the risk for dental decay3,5.

Although stress produces psychological and biological
responses that allow an organism to adapt and survive in
difficult situations, it can have detrimental effects when
it remains constant6,7. Stress can occur in any environ-
ment and may affect any individual at any social level,
although the degree to which people are affected varies
from one person to another; in the educational environ-
ment, academic stress is recognised as a cause of
variation in the habits of affected persons8–10.

According to Glaser and Kiecolt-Glaser9, health
problems related to academic stress include the sup-
pression of T lymphocytes and a reduction in the
activity of natural killer (NK) cells (a type of lympho-
cyte that belongs to the immune system) during
examination periods (which are perceived as highly
stressful situations). These changes are indicative of
immune system depression and cause the body to
become more vulnerable to disease3,10,11.

Inaddition,studentstendtomodify their lifestylesprior
to and during examination periods, often in unhealthy
ways, such as by increasing their intake of carbohydrates,
caffeine, tobacco, psychoactive substances and some-
times by using tranquilisers, which can eventually lead to
the emergence of health problems3,12,13.

The aim of this study was to analyse the associations
among dental caries, stimulated salivary flow rate,
salivary capacity for oxidation reduction and academic
stress in undergraduate students of dental surgery
during a period of 6 months.

METHODS

The study used a prospective case–control design linked
to a fixed cohort. This research was conducted in the
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Faculty of Dentistry of the Autonomous University of
Mexico State (UAEMex), located in Toluca, Mexico.

Participants included 58 women and 15 men aged
18–22 years. This research was approved by the
Bioethics Committee of the Centre of Research and
Advanced Studies in Dentistry (CIEAO) and was
conducted in full accordance with the World Medical
Association Declaration of Helsinki. The participation
of undergraduates was voluntary and informed con-
sent was signed by each person. Cases and controls
were obtained from the same student population.
Controls were selected among students who had not
had caries during the period from March to September
2010. Cases were selected from students who had
demonstrated caries during that period. Inclusion
criteria considered male or female students of regular
academic status. Exclusion criteria were: the presence
of any systemic disease such as diabetes, hypertension,
thyroid disease and heart disease; chemotherapy or
radiation treatment of the head and neck; the contin-
uous use of medication including antihistamines,
tricyclic antidepressants, anticholinergics, benzodiaze-
pines, antihypertensives, diuretics, phenothiazines, clo-
nidine hydrochloride and narcotic analgesics; the use
of fixed dental appliances; married status, and preg-
nancy.

Study measurements were obtained at two time-
points, in September 2010 (before academic achieve-
ment tests were held) and in March 2011 (after the
semester started). At both time-points the incidence of
caries, stimulated salivary flow rate and salivary
capacity for oxidation reduction were recorded and
the Sisco inventory for academic stress was imple-
mented.

Oral examinations were performed by a dentist in a
dental unit in a non-invasive manner with a no. 5
dental mirror and a probe (PCP11.5B; Hu-Friedy
GmbH, Leimen, Germany), using biological barriers
in line with criteria proposed by the WHO14, in order
to obtain standardised data on decayed, missing and
filled teeth (DMFT). Participants with dental caries
lesions were diagnosed using this DMFT index.

The collection of stimulated saliva was carried out in
small groups of seven to 15 students at 10.30–
11.00 hours. Students were asked to mechanically
stimulate the production of saliva by chewing on a
piece of sterile polyethylene (15.0 · 15.0 · 0.2 mm).
The procedure first required participants to chew on the
polyethylene for 1 min in order to remove food
particles and epithelial debris in swallowed saliva.
After this, participants were asked to chew for a further
5 min and to spit the saliva into a graduated glass. The
amount of saliva secreted was divided by the length of
time taken for the sample collection and expressed as
ml ⁄ min. The ranges established were: low
(< 1.0 ml ⁄ min) and normal (‡ 1.0 ml ⁄ min)2.

Salivary capacity for oxidation reduction was estab-
lished using the RD test Showa (Showa Yakuhin Kako
Co. Ltd, Tokyo, Japan). A pipette was used to extract
1 ml of saliva from each of the samples deposited by the
students in graduated vessels. The 1-ml samples were
placed in reagent discs and put into an incubator
(Yamato DS44; Yamato Scientific America, Inc., Santa
Clara, CA, USA) at a temperature of 36 �C for 15 min in
order to obtain readings from the discs. According to the
manufacturer’s specifications, salivary capacity for oxi-
dation reduction was reported as high, medium or low.

Academic stress levels were obtained using the Sisco
inventory for academic stress validated for the Mexican
population by Barraza-Macı́as15. The test was applied
by a trained and standardised psychologist.

This test consists of 41 items and generates a result in
one of three categories of academic stress: low,
moderate and high.

Analysis

In the data analysis, variables were recodified as
categories in order to perform statistical analysis.
Dental caries was categorised as a dichotomous vari-
able as absent or present. Academic stress level was
categorised as low or moderate ⁄ high. A descriptive
analysis was obtained in order to determine the
distribution of each variable. Multivariate logistic
regression was used to determine associations between
the dependent and explanatory variables.

Statistical analysis was performed using SPSS Version
19 (SPSS, Inc., Chicago, IL, USA). P-values of £ 0.05
were considered to indicate statistical significance.

RESULTS

The sample consisted of 73 students divided into two
groups of, respectively, cases (students who showed
incidents of caries within 6 months of the baseline oral
measurement) and controls (students who did not
demonstrate this disease). The first oral assessments
identified 50 controls (12 men and 38 women) and 23
cases (three men and 20 women). The mean ± standard
deviation (SD) age of the total cohort was
19.84 ± 1.22 years. The mean ± SD stimulated salivary
flow rate in the total cohort was 0.95 ± 0.52 ml ⁄ min.
Overall, 56.2% of the students had a low salivary
capacity for oxidation reduction and 69.9% of partic-
ipants demonstrated a moderate ⁄ high level of academic
stress.

Incidences of caries were 0.328 in the group of
students with a moderate ⁄ high stress level and 0.222 in
the group of students with a low stress level. Multivar-
iate logistic regression analysis was performed to
determine the associations between the study variables
and caries risk in undergraduate dentistry students.
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The results of multivariate logistic regression analysis
are shown in Table 1. For the gender variable, a
negative b-value indicates a decrease in risk for
developing dental caries in male students compared
with female students. This is corroborated by an
exponential b-value [exp(b)] of < 1 (0.361). This
parameter quantifies this correlation and indicates that
caries risk was approximately 0.639 times lower in men
than in women.

For the age variable, the exp(b) for students aged
18 years indicates their relative risk for developing
dental caries was 1.976 times greater than that of
students aged 22 years.

For the stimulated saliva variable, the value of exp(b)
indicates that students with a stimulated salivary flow
rate of < 1 ml ⁄ min had a 1.933-times greater risk for
caries than students with a stimulated salivary flow of
‡ 1 ml ⁄ min.

In the analysis of the academic stress variable, a
positive b-value indicates a correlation with dental
caries. Moderate ⁄ high stress levels were found to
increase the risk for caries over low stress levels, as
confirmed by an exp(b) of > 1. When this correlation
was quantified, the risk for tooth decay was found to be
approximately 4.564 times higher in students with
moderate ⁄ high stress levels. Thus the student popula-
tion is at greater risk for caries when levels of academic
stress increase from low to moderate or high. Predicted
values for the student population with caries by level of
academic stress are shown in Figure 1.

In the analysis of salivary capacity for oxidation
reduction, the exp(b) value indicates that students with
a medium–high capacity for oxidation reduction were
less likely to develop caries than those with a low
capacity; however, this variable was excluded from the
model because the difference was not statistically
significant.

The maximum power of discrimination for the model
is 73.3%. The receiver operating characteristic (ROC)
curve shows the multinomial logistic regression model
is clearly statically significant (Figure 2). The area
under the ROC curve shows the logistic regression
model to have good sensitivity and specificity (Table 2).

Table 1 Logistic regression results

Dental caries Parameter b-value P-value Standard error Exp(b) 95% CI

Lower Upper

Present (Intersection) )2.119 0.002 )0.822 0.120 )3.742 )0.495
Gender )1.020 0.053 0.584 0.361 )2.174 0.135
Age 0.681 0.048 0.737 1.976 )0.775 2.137
Stimulated saliva
flow (‡ 1 ml ⁄ min)

0.659 0.051 0.478 1.933 )0.286 1.605

Academic stress 1.518 0.014 0.929 4.564 )0.317 3.353
Oxidation reduction
capacity of saliva

)0.633 0.360 0.690 0.591 )1.997 0.731

SE, standard error; 95% CI, 95% confidence interval.
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Figure 1. Predicted values for caries in the student population by level
of academic stress.
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Figure 2. Curve showing the sensitivity and specificity of the logistic
regression model.

Table 2 Area under the curve for sensitivity and
specificity of the logistic regression model

Area SE Asymptotic
significance

95% CI

0.733 0.042 0.000 0.651–0.815

SE, standard error; 95% CI, 95% confidence interval.
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DISCUSSION

The results of this study in healthy students aged 18–
22 years show that female gender is a risk factor for
developing dental caries, that a reduction in salivary
flow increases the risk for dental caries and, finally,
that a statistically significant (P = 0.014) association
between moderate or high levels of academic stress and
dental caries exists.

The finding that risk for caries is greater in women
than in men agrees with results reported in recent
studies, such as that by Lukacs and Largaespada16, who
attributed a greater prevalence of dental caries in
women to various factors, including: the greater
susceptibility of girls than boys to earlier tooth
eruption; the greater tendency of women to consume
pieces of food while they are preparing food, and the
natural consequence of hormonal changes, specifically
changes of oestrogen levels during the female lifecycle
at puberty, pregnancy and menopause, which influence
factors such as salivary flow, thereby supporting the
further development of dental caries.

Salivary flow has significant impact on the process of
caries development; poor salivary flow has a direct
negative consequence manifested in a greater tendency
towards tooth decay. The present study confirmed that
a reduction in saliva flow results in an incremental
trend in the development of tooth decay. However, this
finding is not consistent with research conducted by
Llena-Puy et al.17 or Kanasi et al.18, in which no direct
correlation between the presence of caries and stimu-
lated salivary flow was identified. However, both of
these studies were performed in children and the
difference in the ages of the respective study popula-
tions may at least in part explain the difference in
results.

As salivary flow decreases, salivary capacity for
oxidation reduction also varies; if capacity is low, the
risk for developing caries is higher. However, this
statement is not supported by the present study because
its results did not achieve statistical significance
(P = 0.360).

In the sample in the current study, analysis of the age
variable showed that subjects aged 18 years were at
greater risk for tooth decay, which contradicts results
reported by Protsenko and Makeeva19, who found a
high incidence of dental caries that increased with age.
However, despite the incremental increase in caries in
relation to age, the logistic regression model used in the
latter study19 did not show a significant difference
between age groups. By contrast, the present research
did show statistical differences between age groups,
which may reflect the particular age ranges considered.

In the present study, academic stress levels were
higher during the examination period. This is consistent
with findings reported by Rajab20, who stated: ‘…in

periods immediately prior to examinations, students are
more stressed.’

As there is no previous research correlating levels of
academic stress with dental caries, the results of the
present paper may be considered of great importance
because they include statistically significant data show-
ing that the risk for tooth decay increases at higher
levels of stress.

Although university students are known to be
affected by academic stress to varying levels, the topic
has not received much research attention. It is impor-
tant that the main factors that cause stress are
identified and that strategies to minimise the risk for
physical and mental health damage in students are
implemented.

It is important to mention that dentistry students are
exposed to academic stress as an inherent part of their
academic training. The requirements of clinical prac-
tice, constant examinations, heavy workloads, lack of
time to rest and other situations all combine to produce
academic stress.

CONCLUSIONS

According to this study, age, salivary flow rate and
academic stress level are each related to risk for the
development of dental caries.
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