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Abstract
Down Syndrome (DS) is a genetic congenital disorder caused by additional third chromosome
21 (Trisomy 21). Dental manifestation includes malocclusion, delayed eruption, and open mouth
posture. Combined with muscular hypotony and decrease of visual and audio vestibular capability,
these factors make DS children struggle to maintain oral hygiene. Systemic factor such as
hematological abnormalities, heart and immune defect also makes dental treatment plan more
complex. Research of caries prevalence (as an infectious disease) in DS compared to healthy
children have varied result.
The purpose of this literature review is to describe the role of salivary Nitric Oxide (NO) and its
effect on the caries status of children with Down syndrome (DS). Several studies have linked caries
prevalence in DS children with saliva composition. Dental and systemic manifestation of DS cause
changes in the oral ecosystem of DS, result in physiological changes in salivary flow rate and
composition such as Nitric Oxide (NO). NO can be obtained from breathing, diet, and body
metabolism. DS children prefer to consume foods rich in carbohydrates and refuse to consume
vegetables and fruit. Since salivary NO can inhibit the growth of cariogenic bacteria such as
Streptococcus mutants by forming reactive radical hydroxyl, inhibit respiration and DNA synthesis
to damage the bacterial cell, this lack of fiber intake habit causes nutritional deficiencies from which
NO obtained and may increase caries risk.
This literature review concludes factors influencing the level of salivary Nitric Oxide and their
effects on caries status of children with Down syndrome.
Review (J Int Dent Med Res 2021; 14(4): 1611-1616)
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Introduction
Down
Syndrome
(DS)
was
first
recognized in 1866 by Dr. John Langdon Down
from England. This congenital genetic disorder
caused by additional third chromosome 21
(Trisomy 21). Prevalence of DS children reaches
1 in every 800-1000 births.1,2,3 World Health
Organization (WHO) estimates there are 8 million
DS cases worldwide, while in Indonesia, DS
cases tend to increase every year, based on the
2018 Riset Kesehatan Dasar (Riskesdas).4
DS often accompanied by medical
conditions such as mental retardation, hypotonia,
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decreased visual and audio-vestibular abilities,
respiratory system disorders.1,5,6 Several studies
show that DS children prefer to consume
carbohydrates that are easier to chew and
swallow, and tend to refuse eating vegetables
and fruit. This causes nutritional deficiencies and
lack of fiber intake.7 The typical skeletal and soft
tissue forms occur in DS can increase
occurrence of angular cheilitis, dry mouth, mouth
breathing, macroglossia, fissures on the lower lip
and tongue, crowding, and bruxism.8,9 These
conditions make DS patient struggle to maintain
oral hygiene independently. Systemic factors
such as heart defects, decreased immune
system, and hematopoietic disorders also
complicate dental treatment plan in DS
children.10
Caries prevalence in DS children
worldwide varies.1 Some reviews stated that DS
children have lower caries prevalence.11 Different
data stated that 60% of children had high
Page 1611

Journal of International Dental and Medical Research ISSN 1309-100X
http://www.jidmr.com

def/DMF scores.12-15 Several studies have linked
caries
prevalence
in
DS
with
saliva
11,16
composition.
Many components of saliva
have direct and indirect roles in the caries
process, one of which is Nitric Oxide (NO). NO
plays an important role in the immune response,
neuro transmission, and vasodilation in various
body tissues.17 Several studies have suggested
that salivary NO levels have negative correlation
with caries status in DS children, indicating NO
ability to fight caries. The group with caries-free
status also had high levels of NO in saliva when
compared to the group with active caries
status.18,19
Characteristics of DS children such as
immune defects, dental malformations, motoric
disorders and modifications of nutritional intake
can affect salivary NO level, which will impact
oral hygiene and caries status. However, not
many studies explain the role of salivary NO and
correlation with caries status in DS children. This
literature review describes several factors that
could affect salivary Nitric Oxide (NO) level and
its effect on caries status of DS children.
Review
A systematic review using a metaanalysis conducted by Deps et al (2015) stated
that children with DS have lower caries
prevalence.11 Several factors often associated
with lower caries prevalence are orofacial
characteristics of DS such as microdontia,
diastema, agenesis, delayed tooth eruption, and
bruxism. Diastema and bruxism, reduces the risk
of food debris sticking between teeth and
cariogenic bacteria colonization.3,6 Another study
stated low caries rate in DS was related to saliva
composition (high salivary pH and bicarbonate
content)
and
differences
in
microbiota
10,11
composition (amount of S. mutans).
Another studies state that caries
prevalence in DS is more likely the same or
higher than general population, which is
influenced by risk factors for caries such as
cariogenic diet, decreased salivary flow, mouth
breathing, and lack of access to dental care.1
Data reported by the Department of Pediatric
Dentistry, Faculty of Dental Medicine, Universitas
Airlangga, Surabaya, from 34 DS children stated
14.71% had good oral hygiene, 42.3% in the
moderate category and the remaining 43.99%
categorized as bad.12 A study of a high
prevalence of caries in DS children mention
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several factors that caused it including lack of
parental attention about the child's dental and
oral health, a high-sugar diet, and irregular visits
to the dentist.16 Other studies also mention DS
have higher number of cariogenic biofilms than
normal children, which can be associated with
the caries incidence in DS children.17
DS children also show difficulty eating,
chewing and swallowing food boluses, and
inadequate nutrition. A study stated DS children
prefer to consume foods made of simple
carbohydrates and foods that are easy to chew
and swallow. These make fresh fruit and
vegetables are rarely eaten and rejected, leading
to various nutritional deficiencies and lack of fiber
intake.7 DS children tend to have lower intake of
fiber and several vitamins and minerals (vitamins
A, B, C, sodium, potassium, calcium, phosphorus
and iron) and excessive intake of carbohydrates,
protein and fat. Lack of vitamin and mineral,
especially vitamin B group (B1, B2, B6, B12 and
folic acid) can aggravate intellectual disability in
DS.7
Saliva is 99% water, also contains various
electrolytes (sodium, potassium, calcium,
chloride, magnesium, bicarbonate, phosphate)
and proteins (enzymes, immunoglobulins, other
antimicrobial factors, mucosal glycoproteins,
albumin
and
some
polypeptides
and
oligopeptides) which is important for oral health.
It also contains glucose and nitrogen products,
such as urea and ammonia.20,21 Salivary function
(flow, dilution, buffering, and remineralization
ability) is also an important factor affecting caries
development.18 Enamel demineralization occurs
at pH 5.5 (critical pH). Once demineralization
reaches the dentin, the process occurs at a much
higher pH, so demineralization occurs more
rapidly.22 Research conducted by Loesche stated
that Streptococcus sobrinus and lactobacilli are
odontopathogenic bacteria in humans with
Streptococcus mutans being the main organism
causing dental caries. S. mutans ability to
produce acid is an important factor in the
occurrence of dental caries.21 Other species such
as S. sobrinus plays an important role in the
occurrence of dental caries on smooth surfaces
and rampant caries.22,23
Further research on caries proved that
the cause of caries is not an absolute organism
but a group of microbes inside biofilm that
adheres to the tooth surface.22,23 The biofilm
contains exopolysaccharide (EPS), a biopolymer
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that
harbors
microorganisms.
In
the
pathogenesis of dental caries, EPS plays an
important role by promoting biochemical and
physiological changes in the biofilm matrix: (i)
increasing
bacterial
attachment
and
accumulation, (ii) providing structural and bulk
integrity of the biofilm, and (iii) increasing the
acidogenicity of the biofilm matrix.24,25,26 S.
mutans have unique ability to convert sucrose
into insoluble extracellular glucans, which can
increase bacterial attachment and form the EPS
matrix core.26 A study revealed new findings that
cariogenic species are able to bind free calcium
ions from saliva to strengthen their own biofilm
core. The reduced free calcium ions can affect
the rate of tooth remineralization.27,28
Nitric Oxide (NO) is a free radical gas
found in the atmosphere. NO in the human body
can be obtained from breathing, body metabolic
products, and diet.16 Human body metabolism
can produce NO from endothelial cells and
neural cells, but macrophages and other
inflammatory cells can also induce NO synthesis
and release. Most of the NO synthesis is
produced from bacterial products. Nitric Oxide
Synthase (NOS) consists of three different
isoforms, endothelial NOS (eNOS), neural NOS
(nNOS), and inducible NOS (iNOS). Each NOS is
derived from a different gene.19,20,29 A recent
study
revealed
NOS
activity
on
the
pathophysiology of pathogenic bacteria such as
Bacillus anthracis and Staphylococcus aureus.29
Inducible
NOS
(iNOS)
derived
from
macrophages stimulated by inflammatory
cytokines such as IL-1 or IFN γ, TNF- α, can
produce more stable NO over several hours.30

Table 1. NOS classification.27
Respiratory NO in human is concentrated
10 times more in the salivary glands compared to
plasma.14 Enzyme in the nose and paranasal
sinuses produce NO, however NO levels are
higher in the sinuses than the nose, indicating
Volume ∙ 14 ∙ Number ∙ 4 ∙ 2021
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the main site of NO production is in the paranasal
sinuses. This makes mouth breathing will result
in human body get less NO.30
Salivary NO produced by free nerve
endings, salivary gland secretory cells, salivary
gland
endothelial
cells
and
intraoral
bacteria.29,31,32 Other source of salivary NO is
nitrate. About 11-41% of the daily diet contain
nitrate.30,33 Dietary nitrates are absorbed in the
duodenum and upper ileum to the blood
circulation, and concentrated in the salivary
glands through active transport, reaching up to
ten times higher concentrations than plasma.34,35
The recommended daily nitrate intake according
to the Scientific Committee on Food (SCF) in
2002 is 0-3.7 mg/kg body weight per day,
equivalent to 222 mg nitrate/day for adults
weighing 60 kg. According to FAO/WHO (2013),
the daily consumption of vegetables is
approximately 400 grams, equivalent to nitrate
intake of 157 mg/day for adult.30,36
Eating more green vegetables which high
in nitrates will promoting nitrate-reducing bacteria
in
the
oral
cavity.
Nitrate-reducing
microorganisms also found on the surface of the
tongue such as H. parainfluenza and
Proteobacteria.37
Saliva
also
contains
microorganisms such as Veillonella species,
Staphylococcus aureus and S. epidermis,
Nocardia
species,
and
Corynebacterium
pseudodiptheriticum that produces nitrates, but in
hypoxic condition by nitrate reductase enzyme
become nitrite. 38 Nitrite in acidic environment
leads to formation of nitrous oxide and a mixture
of nitric acid. This acidic oral environment is
promoted
by
Lactobacillus,
S.
mutans,
Actinomyces, S. Aureus and Staphylococcus
Epidermidis. 31,37 Nitric acid is an unstable
compound and will spontaneously be converted
to NO and Nitric dioxide (NO2). This acidic oral
environment is also found in the caries
development process, where the pH value can
drop to 3.6. Low pH value allows nitrite
conversion into antimicrobial components that
can inhibit acidogenic bacteria growth, such as S.
Mutans.39
The human oral cavity is an environment
with abundant supply of nitrate and nitrite, which
result in NO as a metabolic product.28 While
salivary nitrite can be derived from food and
bacterial
metabolism
product
in
saliva,
concentration of salivary nitrite varies related to
dietary nitrate, bacterial nitrate reductase activity,
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salivary flow, and endogenous nitrate production.
Other
influencing
factors
are
local
parasympathetics,
hormones,
cytokines,
inflammatory activity or endothelial cells. Various
genetic and environmental factors also affect the
production of salivary NO.15
Bactericidal ability of NO has multiple
pathways, making NO a potent broad-spectrum
antimicrobial agent with a low risk of causing
bacterial resistance.32 Low nitrite concentrations
(0.02 mM, which is normal fasting salivary level)
can inhibit bacterial growth when compared to
negative controls. Other organism such as yeasts
(Candida albicans) are also sensitive to acidified
nitrites. In addition, toothpaste containing nitrite
has been shown to inhibit tooth decay, while
drugs that inhibit nitrite secretion in saliva can
accelerate tooth decay.14 A study shows the
bactericidal and anti-biofilm abilities were
obtained from the trial using alkyl modified
dendrimers that released NO against the
cariogenic bacteria of S. mutans. The NO carrier
modified dendrimer at pH 7.4 requires large
doses to produce a bactericidal effect. When the
pH dropped to 6.4, the bactericidal effect was
significantly increased and the dose required was
also reduced, from 52.5 to 8.7 mol/mL for propylmodified dendrimers and from 46.6 to 7.8 mol/mL
for butyl-modified dendrimers.32
Other properties of NO include reducing
the inflammatory response; reduces platelet
aggregation and vasodilation, bone remodeling,
and anticariogenic effects. Odontoblast cells
exhibit immune reactivity to 3-nitrotyrosine (a
biomarker of peroxynitrite produced by NO) in
pulp inflammation indicating that odontoblast
cells activated by NOS2 can release NO, these
can be an important defense factor against oral
pathogens because NO can inhibit the growth of
S. mutans.28 NO also has antiviral activity against
certain viruses (Herpes Simplex virus -1,
Hepatitis virus type 3, and Coxsackie virus group
B).14
Discussion
Down Syndrome (DS) children have
different characteristics than general population,
such as intra-oral mouth breathing, macroglossia,
and fissures on the lips and tongue. Several
studies have shown that abnormal immune
response in DS causes them to be more
susceptible to oral mucosa diseases. Low oral
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muscle tonus combined with a smaller jaw tend
to promote tongue protrusion which can cause
mouth breathing habits.1 Air from mouth
breathing is not converted to Nitric Oxide (NO) by
the enzyme Nitric Oxide Synthase (NOS) present
in the nose and paranasal sinuses, causing NO
levels to decrease.30 Hypotonus in DS also
affects
motor/coordination
abilities
and
neurological disorders (vision and hearing) so it
makes oral hygiene maintenance in DS
independently more difficult, which affects the
frequency of teeth and tongue brushing.10,33 On
the dorsum of the tongue there are commensal
bacteria such as H. parainfluenza and
Proteobacteria that reduce nitrate to nitrite which
will eventually become NO.33 Reduced frequency
of tongue brushing causes the accumulation of
debris in the fissure, result in less supportive
environment to promote NO formation, this can
cause change of NO levels.
Salivary nitrates also derived from highnitrate food, such as green leafy vegetables.29
Most DS children have difficulty adapting to food
with various textures, so they often need food to
be crushed or mashed prior before eating. In
addition, DS children also likes to eat snacks.7
Consumption of soft foods, sweets, and sugary
drinks that are higher than green leafy
vegetables not only cause nutrition imbalance but
also lack of nitrate supply.
Various genetic and environmental
factors in DS affect the oral defense mechanisms
in individuals can cause changes of salivary NO
production. Study comparing oral microbiota in
DS and general population shows that DS have
significantly lower pH, larger number of
periodontal pathogen bacteria (S. aureus) and
Candida. While this does not relate directly
towards caries, the combination of poor oral
hygiene, lower pH and increase in acidogenic
organism may suggest oral environment suitable
for caries development in DS.34 In oral cavity,
nitrate (NO3-) is produced by facultative
anaerobic bacteria microorganisms in saliva such
as Veillonella species, S. aureus and S.
epidermis,
Nocardia
species,
and
Corynebacterium pseudodiptheriticum. But in
hypoxic condition, nitrate (NO3-) is reduced by
nitrate reductase enzymes become nitrite (NO2).37 Nitrite in an acidic environment causes
formation of nitrous oxide (N2O) and a mixture of
nitric acid. The acidic environment in oral cavity
can also formed by acidogenic cariogenic
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bacteria such as Lactobacillus, S. mutans, and
Actinomyces. Nitric acid is unstable and will
spontaneously decompose into NO and nitric
dioxide (NO2).28,31
Salivary NO can inhibit the growth of
cariogenic bacteria such as S. mutans by
penetrate cell membranes to inhibiting DNA
synthesis and damage cells. NO also react with
the iron-sulfur center of mitochondrial respiratory
chain enzymes or combine with superoxide to
form highly reactive hydroxyl radicals.31 In normal
condition, odontoblast cells in inflamed pulp will
stimulate inflammatory cells that induce NOS 2
enzymes to synthesize NO. However, DS have
growth disturbance of the embryonic jaw, causing
odontoblasts degeneration.35 It was also found
that NOS 2 gene regulation was decreased in DS,
causing a decrease in NO levels.40,41
As conclusion, salivary NO has
antibacterial properties to fight against dental
caries. But many factors in DS such as oral and
teeth anatomy, mouth breathing, motoric
disability, modification of daily food intake,
genetics and immune defects could affect
salivary NO levels. Altered salivary NO levels can
affect caries status in DS children. Future
research to improve salivary NO levels and
function could be beneficially for reducing caries
risk in DS children.
Conclusions
This literature review concludes factors
influencing the level of salivary Nitric Oxide and
their effects on caries status of children with
Down syndrome.
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