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Introduction

Abstract

Attention deficit/hyperactivity disorder (ADHD) is the most common
behavioral disorder in school-aged
children today. According to Friedlander, in 2007, ADHD affects 4 to 9%
of children in the U.S.1 Prevalence of
this neurologic disorder has been reported to be as widespread as 2 to
18% of the population.2 The characteristic features of ADHD can include
excessive motor activity, developmentally inappropriate activity level,
low frustration tolerance, impulsivity, poor organizational behavior, distractibility, and inability to sustain
attention and concentration.1-9 Since
more children are being diagnosed
with ADHD today than ever before,
causes and treatment of dental caries in children with ADHD are of great
interest to the dental community and
to the public.

Purpose: Few studies have been conducted to investigate the effects, if any, of specific medication used to manage the symptoms
of attention deficit/hyperactivity disorder (ADHD) as a risk factor for dental caries. A reported side-effect of the medication is a
reduction in saliva. Healthy saliva has been shown to play many
important functions in the prevention of dental caries. The focus of
this review is to determine if any evidence exists to confirm that
stimulant medication used to treat the symptoms of ADHD in children increases the risk of dental caries by virtue of its effect on the
reduction of salivary flow.
Methods: A MEDLINE search was conducted for relevant studies.
Search terms used were dental caries, attention deficit/hyperactivity disorder, ADHD, pharmacologic treatment of ADHD, stimulant medication, xerostomia, dry-mouth and saliva flow. Publication dates ranged from 2002 to 2012.
Results: Although dental caries prevalence has been found to be
higher in children with ADHD, decreased salivary flow as a sideeffect of pharmacological treatment does not appear to be responsible.
Conclusion: Dental caries is a multi-factorial disease process. The
most effective method of reducing dental caries in ADHD children
is more frequent recare visits focusing on home plaque removal
practices along with dietary counseling to reduce the consumption
of cariogenic foods and drinks. This can only be accomplished with
inclusion of the parent/guardian in the process.

Studies have been conducted that
support the anecdotal evidence that
children with ADHD have a significantly higher prevalence of dental
Keywords: attention deficit/hyperactivity disorder, dental carries,
caries than children without ADHD.2medication, xerostomia
6
Since xerostomia (dry mouth) has
This study supports the NDHRA priority area, Clinical Dental Hybeen reported as a side-effect of
giene Care: Investigate how dental hygienists use emerging scimethylphenidate, and dextroamphetence to reduce risk in susceptible patients (risk reduction strateamine medications and non-stimugies).
lant medications such as serotonin
reuptake medicines and tricyclic antidepressants commonly used to manliva caused by medications in children with ADHD
age the symptoms of ADHD, it is hypothesized that may have an effect on the risk of dental caries.7-9
xerostomia may contribute to a higher prevalence In search of contributing factors to higher caries
of dental caries.2,7-9 Saliva production, the body’s rates in children with ADHD, researchers have also
natural protection system against dental caries, may investigated factors such as poor oral hygiene, high
be reduced by these medications. A reduction in sa- consumption of sugar-containing foods and beverliva flow is considered to be a factor in dental caries ages demographics, low IQ, low socioeconomic starisk.10
tus of parents, dental anxiety, and pathophysiologic
changes.2-9
Healthy saliva plays many important functions in
the prevention of dental caries. Reduction of saliStimulant medications are effective in treating
vary flow or changes in the composition of the sa- ADHD because they enhance the release of dopa342
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mine and norepinephrine,
thereby allowing previously
under-stimulated areas of the
brain to regain their normal
functionality.1 In the case of
ADHD, these normal functions are the suppression of
hyperactivity, impulsiveness,
aggression and unusual distractibility.1

Table I: Stimulant Medications Used to Treat ADHD in Children
Generic Name

Brand Name

Available as a
Generic Prescription?

Amphetamine

Adderall®
Adderall XR®

Yes
Yes

Dextroamphetamine

Dexedrine

Yes

Dexmethylphenidate

Focalin
Focalin XR®

Yes
No

Concerta®
Daytrana patch®
Metadate CD®
Metadate ER®
Methylin oral suspension®
Methylin chewable tablet®
Ritalin®
Ritalin LA®
Ritalin SR®

Yes
No
No
Yes
Yes
No
Yes
Yes
Yes

Although medical management brings about a 50 to
Methylphenidate
75% reduction in symptoms,
a combination of pharmacological and behavioral therapy
is generally more effective
than either one alone.1 In
2002, Wender reported that
stimulant medication is the medication of choice in
the treatment of children with ADHD.11 Table I lists
the names of some of the stimulant drugs used to
treat ADHD. Medications used to treat ADHD that
may also cause xerostomia are antidepressants,
such as desipramine, imipramine and buporpion sold
as Norpramin®, Tofranil® and Wellbutrin®.12,13
The focus of this review is to determine if stimulant medication used to treat the symptoms of ADHD
in children increases the risk of dental caries by virtue of its effect on the reduction of salivary flow.

Methods and Materials
A PubMed/Medline search was performed using
the terms “ADHD medications” and “dental caries”
to discover a connection between the two. Additional
sources were located using the search terms “attention deficit/hyperactivity disorder,” “dental caries,”
“xerostomia and dental caries” and “saliva and dental caries.” Further information on pertinent articles
was retrieved from the reference sections of these
articles. Early studies were included that tested for a
correlation between ADHD and dental caries.2-6,8
Studies were reviewed for data relevant to a connection between xerogenic medications used to treat
symptoms of ADHD and the risk of dental caries.
Only studies that either identified or examined the
prevalence of dental caries in children with ADHD
and/or those who discussed and/or used xerogenic
medication as a variable were included in this review.
Studies Conducted to Establish a Relationship
Between ADHD and Dental Caries
Most of the early research concerning dental caries and children with ADHD has been performed with

®

small case studies to confirm the anecdotal evidence
that children with ADHD have a significantly higher
caries rate than children without ADHD. Broadbent
et al conducted a regression analysis to determine if
dental caries remained higher in children with ADHD
and to quantify the role of confounding factors in
any observed relationship between dental caries
and ADHD.2 This study was one of the first to ask
the question, “How might ADHD be associated with
dental caries experience?”2 Four possible explanations were offered. One idea was that characteristics
of the disorder itself may lead to a lack of motivation
to maintain good oral hygiene. Another possibility
was that parents of a child with ADHD may be more
likely to reward that child with cariogenic treats.2
Thirdly, medications used to treat the symptoms of
ADHD have been reported to have the side effect of
xerostomia which is often associated with increased
frequency of consumption of soft drinks and poorer
oral hygiene.2 A fourth suggestion was that parents/
guardians of children with developmental disorders
(including ADHD) may report the unmet need for
oral health treatment than parents of children without developmental disorders.
Using questionnaires and dental records of 128
case-controlled pairs (aged 11 to 13), cases and
controls were matched on age, sex, ethnicity and
socio-economic status. After controlling for fluoride
history, medical problems, diet and self-reported
oral hygiene, analysis showed children with ADHD
had nearly 10 times the odds of having a high decayed, missing or filled teeth (DMFT) score than
children who did not have ADHD. None of the other
co-variants were significantly associated with the
outcome of higher caries in the ADHD group. On
the basis of the association between medication for
ADHD and high DMFT, it was suggested that there
may be some validity to the idea that medication
might be a risk factor for the high rate of dental car-
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ies. But, given that medication was not studied as a
possible risk factor in dental caries, there is no supporting evidence for this conclusion.13 In fact, the
limitations of this study were that, in addition to its
small sample size, treatment with medication was
only used as a positive diagnosis of ADHD and 9 of
14 of the subjects with ADHD were medicated.
All other variables being constant, the outcome
of a study of dental caries in children with ADHD
could be influenced by the age of the children which
correlates with the eruption sequence. Three clinical and retrospective, double-cohort studies (2006,
2007 and 2011) were conducted by Bloomqvist et
al using subjects from the same population pool for
all 3 studies.3-5 All 3 studies tested for dental caries
experience in children with ADHD as compared to
children without ADHD along with other factors. The
2006 study which tested for oral health, dental anxiety and behavioral management problems studied
both children with ADHD (n=25) and children without ADHD (n=58). All of the children were 11 years
of age.3 A significantly higher rate of dental caries
was found in the ADHD subjects. The ADHD group
was not found to have a higher degree of anxiety, but
they did have more behavioral management problems than the control group. The 2007 study which
tested for dental caries and oral health behavior did
not find a significant difference in caries prevalence
between a group of 13 year old children with ADHD
(n=21) and control subjects (n=79).4 They did,
however, find children with ADHD had poorer oral
health behavior than the control group. The 2011
study considered caries experience and oral hygiene
status in a group of 17 year olds.5 The ADHD group
consisted of medicated (n=40) and non-medicated
(n=40) subjects. Results found significantly higher
decay rates in the ADHD group along with poor oral
hygiene and an increased consumption of sugary
foods.
It was postulated that the lack of caries among
the 13 year old group may have been attributed
to the shedding of deciduous teeth and the lack
of time for caries development in the new dentition.4 Another study, by Chandra et al, found a similar difference.7 Children, aged 6 to 14 years of age
with ADHD (n=80) were found to experience more
caries (DMFT) in the primary dentition (p=0.002)
than children not diagnosed with ADHD. However,
in the same study, no such difference (p=0.144)
was found in the permanent dentition (DMFT). This
would appear to give credence to the theory that
the newly erupted teeth had not been in the oral
environment a sufficient length of time for caries
to develop. These studies would seem to support
the theory that children with ADHD have a tendency
toward a higher rate of caries and generally poorer
344

oral hygiene than children without ADHD. However,
more research using a larger sample size is needed
to confirm this finding.
Studies Using Medication as a
Variable in ADHD and Dental Caries
Although medication has been used to diagnose
subjects having ADHD, few studies have controlled
for medication as a risk factor in dental caries.
Proper investigation of any relationship of xerogenic drugs and dental caries among ADHD children
would require using medication and saliva production as variables.13
A cross-sectional study to examine whether children with ADHD had the same caries experience as
children without ADHD was conducted in by Grooms
in 2005.7 Saliva flow was considered in this study
to test for xerostomia in children with ADHD. Participants ranged in age from 6 to 10 years old, and
were divided into 2 groups consisting of 38 subjects
each (31 boys and 7 girls). One group was diagnosed with ADHD and taking medication. The other
group was composed of healthy children who were
not taking any medications. All 76 children were
screened by 1 examiner for decayed, missing, filled
surfaces (DMFS). A visual exam was conducted and
subjects’ teeth were charted for their presence, caries, restorations and sealants. At the same screening, the examiner collected a timed, quantitative,
unstimulated, whole saliva sample for each participant. The weight of the saliva was measured to the
nearest one-hundredth of a gram. Both a medical
questionnaire and a questionnaire concerning each
child’s oral health including diet, oral hygiene, dental care, fluoride exposure, and daily activities was
completed by the parent/guardian.
With no data yet available on DMFS for children
with ADHD, researchers proposed that a two-fold
increase in DMFS among ADHD children would represent a clinically meaningful elevation in caries.7
Results revealed that children in the ADHD group
had statistically more enamel carious lesions in the
primary dentition (p=0.04) and significantly more
enamel caries in the permanent dentition (p=0.01)
than the control group.7 No differences were identified in key preventive practices such as tooth brushing, fluoride exposure and flossing and no differences in diet were reported between ADHD subjects
and the control group. No significant differences
(p=0.5) were found for the amount of saliva (0.5 g)
produced in the ADHD group of subjects taking different types of medications and those in the control
group. These findings lead researchers to conclude
saliva flow is not significantly reduced in children
prescribed medications for ADHD.7 A limitation of
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this study is that it did not perform a plaque index
(PI) and therefore could not determine if oral selfcare contributed to the higher caries experience in
the ADHD group.
Although the previous study found children with
ADHD did not have a significant reduction in saliva
to cause xerostomia, it did not separate children
with ADHD who were treated with medication from
those with the disorder who were not treated. Without comparing the 2 distinct groups of children with
ADHD, it is not clear if dental caries prevalence is
related to ADHD itself or the medications.
In 2011 and 2012, Hidas et al published results
of 2 individual studies that further investigated how
saliva affects dental caries by studying the effect of
children medicated for symptoms of ADHD as opposed to those not medicated.8,9 In both studies,
researchers separated subjects into 3 groups according to their medication status. One group had
ADHD and no pharmacologic intervention, another
group had ADHD and was treated with methylphenidate, and the control group consisted of healthy
non-ADHD subjects taking no medications. The 3
groups in each study contained 31, 30 and 30 individuals, respectively. The aim of the 2011 study
was to investigate the relationship between ADHD
and the prevalence of caries in children, adolescents
and young adults by focusing on salivary quality in
terms of salivary flow rate, oral mucosal pH, PI, oral
hygiene and dietary behavior.8 It was hypothesized
that children medicated for ADHD would have lower unstimulated salivary flow rates (an outcome of
the medicament) which would result in lower buffer
capacity and higher bacterial count than those not
treated.8
Data were collected including unstimulated salivary flow rate, oral mucosal pH, PI, DMFT index,
oral hygiene and dietary behavior were compared
between the 3 subject groups. It was found that
the non-medicated ADHD group had the lowest
mean unstimulated salivary flow (0.72 ml/min) and
the control group had the greatest (1.13 ml/min).
The medicated ADHD group had 0.85m/min, which
was not significantly higher that the non-medicated ADHD group. Both subject groups with ADHD
(medicated and non-medicated) had significantly
lower unstimulated salivary flow than the control
(p=0.016). However, it was noted that none of the
children in any group had very low levels (<0.1 ml/
min).9 No significant correlation between DMFT and
unstimulated saliva flow was found among the 3
groups. Although PI scores were significantly higher (p<0.05) in the 2 ADHD groups combined than
the control, no significant correlation was found between DMFT/dmft and PI. No significant differences

were found among the groups for the other factors
studied.9
Reduced salivary flow impairs buffering abilities
and creates an oral environment that is more acidic.8 Mutans streptococci (MS) and lactobacillus (LB),
the major caries pathogens, have been found to be
higher in patients with more concentrated saliva.8
While the previous study investigated salivary flow
and pH to establish a link between ADHD and dental caries,8 the 2012 study looked at the composition of the saliva, focusing on MS and LB levels,
salivary buffer capacity and salivary flow rate along
with oral hygiene and diet in 3 groups of children.9
It was hypothesized that lower salivary flow rates in
medicated ADHD children (an outcome of the medicament) would result in lower buffer capacity and
higher bacterial count.9
Three groups of children – ADHD1 (with no pharmacological intervention, n=31), ADHD2 (medicated with methylphenidate, Ritalin® or Concerta®,
n=30) and a healthy group (n=30). Each group
was composed of children between approximately
6 and 17 years of age (mean age 10.3+2.8 years).
The main finding of this study was that despite a
higher PI in the ADHD groups, no significant differences existed in salivary buffer capacity (p=1.00),
LB and MS counts (p=0.579), or the DMFT index
between children with ADHD (with or without pharmacologic intervention) and the control group.9 As
reported in questionnaires from parents/guardians
of all subjects, there were no differences in diet and
oral health behaviors between the 3 groups. Consumption of sugary sodas was associated with higher DMFT rates in all 3 groups (p =0.043).9 It was
noted that significantly higher (p=0.024) levels of
plaque were found in the 2 ADHD groups combined
compared with the control group.

Discussion
Current thought on the caries risk of children
medicated for ADHD is due to the reported xerogenic effect of these medications. Most early studies were conducted to simply evaluate this theory
by comparing the caries experience of children with
ADHD to that of healthy children. Few studies have
been conducted to evaluate the effect of ADHD
medications on dental caries in children.7-9
Results of the Grooms7 and Hidas8,9 studies suggest reduced saliva flow from ADHD medications is
not a factor in the rate of caries in children with
ADHD.7-9 However, only the 2 Hidas studies have
compared medicated and non-medicated ADHD
subjects.8,9 The 2012 study provided preliminary
evidence that children medicated for symptoms of
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ADHD were not at higher risk for caries than nonmedicated ADHD children due to the side effect
of the medication reducing the amount of saliva.9
However, due to the small sample size of both studies, more research is needed.
Although dental caries prevalence has been found
to be higher in children with ADHD,2,3,5,7,9 decreased
salivary flow as a side-effect of pharmacological
treatment does not appear to be responsible.8,9 It
has been suggested children with ADHD may be unable to perform regular routine activity like tooth
brushing in an effective manner which may lead to
improper oral hygiene practices due to their symptoms of inattention, hyperactivity and impulsivity.12
According to the studies, pharmacologic intervention should not be discontinued based on a fear of
it contributing to dental caries. Medication is an effective and essential part of the management of behavioral symptoms associated with ADHD. As long
as the medication is well tolerated by the child and
effective in controlling symptoms, pharmacotherapy
should go hand-in-hand with behavioral therapy.

Sodas containing sugar and several types of acid
provide a compounded threat for dental caries by
introducing refined carbohydrates into the oral environment and significantly reducing the oral pH.16 It
is important to note that even artificially sweetened
sodas contain the same amount of acid as sugarsweetened sodas.16 The presence of sugar is not
the only threat. Cariogenic oral bacteria thrive in
an acidic environment.16 Saliva’s normal pH is 6.5
to 7.5. The pH required for enamel demineralization is 4.5 to 5.5.16 A can of soda has a pH level of
between 2.7 and 3.5.16 Perhaps the best method of
preventing dental caries in children with ADHD is
to encourage both children and parents to limit the
consumption of cariogenic food and drinks. Parents/
caregivers should be encouraged to not have them
available and not use them for behavioral rewards.

Conclusion

It has been postulated that the child’s perception
of xerostomia may increase the desire for sugarfilled candies, mints and sodas because sugar temporarily increases saliva flow.12 The increase in sugar along with the general finding of higher levels of
plaque and poorer oral hygiene practices may have
an effect on the higher prevalence of dental caries
in children with ADHD.2 Quantitative, objective data
regarding the capacity of medications to induce xerostomia are usually based on patient report in clinical drug trials.14

Knowing that children diagnosed with ADHD may
have a higher risk of dental caries2,3,5,7,9 and a tendency toward higher plaque formation,1,4,5,8,9 practicing dentists and dental hygienists need to be assertive in recommending shorter intervals between
recare visits as well as nutritional counseling to
include a non-cariogenic diet along with additional
preventive measures such as topical fluoride and
increased parental monitoring of the child’s daily
oral hygiene practices. Although decreased salivary
flow as a side-effect of pharmalogical treatment
does not appear to be responsible for the increase
in dental caries in children with ADHD,7-9 the role
of saliva in the caries process still needs further
study.

The flow rate of saliva varies greatly from person to person and xerostomia is a subjective sensation that may not be related to an actual reduction
in salivary flow.15 The experience of dry mouth is
usually considered to be minor when evaluating the
side effects of a medication and is often listed in the
information sheet along with other side-effects.15
Investigations to evaluate the actual flow rate of saliva are complex, expensive and rarely performed.15
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