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Abstract

This systematic review aims to highlight potential areas of importance within a child’s diet that play a primary role in
their development of early childhood caries. Caries is a multifactorial disease, influenced by a number of factors
including, oral hygiene, degree of mineralization of teeth, salivary flow rates in addition to dietary factors.
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Introduction

This review will specifically focus on the nutritional aspect involved in the
pathogenesis of caries. Targeting the main dietary risk factors will aid in the
prevention of ECC and severe early childhood caries (SECC), with an overall
aim to reduce the DMFT (Decayed Missing and Filled Teeth) in children. This
is of particular relevance to the secondary dentition of these children, as those
with ECC are much more likely to develop caries and subsequent infections in
their adolescence and adulthood also (1), further underlining the immense
significance of prevention.

Early childhood caries (ECC) is defined as the presence of one or more decayed
tooth surfaces in any primary tooth in a child 71 months of age or younger (2,3).
It currently represents the most common chronic illness amongst children and
represents a serious problem in dentistry due to its rapid progression. The
consequence of ECC can affect the immediate and long-term quality of life for
the child and has been reported to result in eating limitations, difficulties in
language development, increased absence from schools and reduced self-esteem

(4).

The move to a more holistic approach to patient care will be well supplemented
by a dentist and nutritionist approved dietary plan from which parents and
guardians can base their child’s diet upon. Dental care professionals can use this
dietary guide as a primary structure in which they can provide concise and
bespoke dietary advice to the guardians of each individual pediatric patient
dependent on the routine of the child, the age, guardian’s occupation, and
guardian motivation and participation.

This in turn, will likely reflect well on the patient’s general health as they grow
throughout life with a good foundation set in childhood. Such good habits often
echo in generations to follow with positive examples already established from
such a young age. The shift towards a healthier diet in children has already been
initiated with healthier school meals, the sugar tax, and numerous other
examples, this dietary plan aims to facilitate the transition into a more
nutritiously balanced diet to nourish our patient’s lifestyle and reduce the risk
of a multitude of non-communicable diseases, principally caries. This concept
may initially appear utopian, yet we are in prime position to see our patients
regularly to motivate and enforce good dietary habits for which the benefits are
endless.

Aim:

To construct a dietary proposal for public dissemination based on nutritional
and dental recommendations for children under 6.

Objectives:

To evaluate the various dietary habits implicated in the development of ECC
and how they interact with the indirect factors that also predispose children
under 6 to ECC.

Prevalence:

An oral health survey conducted in 2019/2020 by Public Health England
showed the prevalence of ECC in 3-year- olds is 10.7% (5). The National Dental
Epidemiology Programmed looking at 5-year-olds in England in 2018/2019
showed the prevalence of ECC in 5-year-olds was 23.4%, which varied
according to different regions in England with 17.6% in the South East to 31.7%
in the North West (6). The mean prevalence of ECC in children in England
increases over two-fold from 3 years to 5 years old, at age 3 almost all children
have all 20 primary teeth, as the primary dentition is retained a further 2 years
in the mouth, the evidence of visible decay doubles.

Aetiology:

The answer to the question “What causes dental caries?” is not as
straightforward as it may first seem - the complex, multi-factorial nature of the
aetiology of ECC involves the interaction between the pathogenic
microorganisms, fermentable carbohydrates, susceptible tooth surface and time.
With sufficient time, the cariogenic microorganisms can induce
demineralisation of the tooth structure in the presence of fermentable
carbohydrates and induce cavitation (1).

Microbiological risk factors

Streptococcus mutans and Streptococcus sobrinus are among the most
commonly isolated bacterial species found in dental caries. Many investigations
have shown that S. mutans exceed 30% of the plaque flora in those children
suffering from ECC (7). In the presence of fermentable carbohydrates, such as
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sucrose, the acidogenic bacteria begin fermentation causing a rapid fall in pH to
5.0 or below. It is within these low pH conditions that initiates a change in the
composition of the biofilm matrix and subsequent demineralisation occurs.

Microorganisms can colonise the oral cavity by both vertical and horizontal
transmission, however as bacteria alone are not sufficient for disease to occur,
it is considered a non-communicable disease (8).

Dietary habits

As with many other non-communicable diseases, dietary routines are integral to
the development of the condition. In addition to the establishment of the oral
flora, poor dietary habits such as quantity and frequency of sugar intake increase
the risk of development of ECC. The recommended daily sugar limit for
children under 6 is no more than 19 g sugar per day, or a maximum of 5 sugar
cubes. Further to this, children under the age of 4 are recommended to avoid
sugar and sugar sweetened beverages altogether (9). Data from Public Health
England has demonstrated that children in this age group are consuming over
double the recommended sugar quantity, with high-sugar soft drinks prevailing
as the main culprit (10). Not only does this directly correlate with higher
incidences of ECC, but a number of other non-communicable diseases, namely
type 1l diabetes mellitus and obesity.

There is abundant epidemiological evidence, both from groups that have
consumed low quantities of sugar and from groups that have consumed high
quantities of sugar, that sugar, namely sucrose, is the primary dietary factor
affecting dental caries prevalence and progression (10).

ECC may also be referred to as ‘baby bottle caries’ as there appears to be a
clinical consensus that prolonged and nocturnal breastfeeding and/or bottles
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filled with milk containing several cariogenic sugars is associated with ECC.
Reduced saliva production at night results in higher levels of lactose in the
resting saliva, favoring demineralisation (rather than remineralisation) at night.
Unfortunately, it is becoming more common for bottles and sippy cups to be
filled with fruit drinks for ingestion during the day and even at night. These
juices are often well accepted by both parents and children due to the sweetened
taste and false belief by parents that they are nutritious. Their consumptions
should however be considered as highly cariogenic (11).

Characteristics of enamel:

Enamel is the hardest tissue in the human body, consisting mainly of
hydroxyapatite, and has extraordinary mechanical properties (12). The enamel
of deciduous teeth is built by ameloblasts within a significantly shorter period
(24 months) in comparison to permanent teeth (up to 16 years). As a result, the
enamel developed in deciduous teeth has a very thin and less organized
microstructure, making it more susceptible to demineralization by acids (13).

There are, of course, many other risk factors for ECC. Developmental defects,
believed to be caused by prenatal conditions and common childhood systemic
illnesses, is a common occurrence in primary teeth. These defects can be
classified based on their clinical appearance - enamel hypoplasia, demarcated
opacities and diffuse opacities. The incomplete enamel calcification on pits and
fissures provides the ideal site for cariogenic bacteria and consequently, ECC
can develop more rapidly on tooth surfaces (14).

Materials and Methods:

Our review is based on research in line with our PEO question as demonstrated
in figure 1.

* Children between the ages of 0-6 years

* Children exposed to cariogenic dietary habits

« Effect of these dietary habits on the dmft/DMFT values

Figure 1: demonstrates the PEO structure employed to conduct our review of the current research.

Electronic databases that we screened to gather research undertaken conforming
to our PEO included: Pubmed, Cochrane, Embase and Wiley online library. The
search was undertaken using the following keywords “diet*” AND “early
childhood caries” OR “severe early childhood caries” OR “dental decay” OR

“dental caries” AND “primary dentition” OR “primary teeth” OR “deciduous
teeth” and the flow diagram below maps out the search strategy that was
undertaken to identify appropriate studies for this review.

Records identified through
PubMed search (n = 423)

Cochrane search (n = 10)

Records identified through

Records identified through
Embase search (n = 293)

Records identified through
Wiley search (n = 269)

Identification

44 Records after duplica

te removed (n =785) [+

—il Articles excluded as titles not relevant (n = 646)

Screening

139)

Articles accessed after screening abstracts (n=

2
32
»
@

Full-text articles assessed for eligibility and

excluded as not relevant (n = 20)

Studied included {n = 80*)

[ *bosed on dota availabe to be extracted |

Figure 2: A flowchart delineating the number of records found at each stage during data collection.
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A total number of 995 studies were found from the electronic databases and those that were published in English were analysed, including investigating the

screening titles and full-test articles, according to our inclusion criteria:

Inclusion criteria:

Exclusion criteria:

- Studies conducted on children between the ages of 0-6 years| -
- Participants with ECC or S-ECC -
- Caries status assessed using dmft/DMFT -
- Information provided on participants dietary habits -
- Published in English -

Studies conducted on children above 6 years old

Studies conducted on children with co- morbidities and enamel defects
Studies with no information on dietary habits

In vitro studies

Studies conducted on animals

Studies in which full articles were not available to read

Table 1: visually demonstrates the inclusion and exclusion criteria used in our search strategy.

Research within the United Kingdom was found to be limited in numbers and
thus global studies have been incorporated into this literature review, with the
hope to stimulate further primary research into this topic of interest within the
UK.

The analysis of the studies revealed significant dietary risk factors that were
frequently seen in association with ECC. We can deduce a correlational
relationship from these, directing us towards potential further studies to be
conducted to prove causative mechanisms of action.

Nutritional habits:

We are all taught as dental care professionals to use our trusty oral hygiene
instructions and dietary advice as the basis of dental disease prevention and to
combat the risk factors that predispose our patients to preventable diseases. Yet
by dietary counselling, we highlight the presence, frequency and quantity of
sugar present in our patient’s diets. Not only is this heavily subjective to
reporting bias from our patients or their caregivers - which is unlikely to be
accurate, we have to contemplate whether focusing solely on the sugar aspect

of our patients’ diets is doing them a disservice by only addressing one facet of
a highly complex interaction of dietary components. We do not consume food
in isolated food groups but in a varied way with different consumption methods,
times of day and diverse food choices. Hence, analysis of the integration of
different components should prove more helpful in providing targeted
nutritional advice for the prevention of ECC.

The correlation between what one consumes and one’s caries risk has long been
established, since Aristotle first hypothesised that caries was caused by eating
sweet figs which stuck to teeth in 4th century B.C. (15). Since then, we have
found that the cariogenic potential of fermentable carbohydrates can be
magnified by numerous additional dietary factors in combination with oral
commensal flora and host factors, such as substrate clearance via rate of salivary
flow.

Findings:

Table 2 delineates dietary factors that directly contribute to higher risk of caries
development and the various studies from which we gathered the findings.

Factors Study

| Findings/Recommendations

Fizzy drinks +/-
Sports drinks

sugar

Kolker J L et al. (16) explored low-income
IAfrican-American children between the ages of]
3-5 years (n = 436). Block Kids Food
Questionnaires were utilized and carieg
measured using ICDAS. An estimated dmfs
score was thenallocated.

Statistical analysis using SAS and SUDAAN.

Diets containing fizzy drinks (soda) with or without
sugar produced a higher mean dmfs (p = 0.049).

Sports drinks were positively associated with higher|
dmfs scores.

carbonated soft drinks on the primarydentition in
2—10-year-olds using a 24- hour dietary recall
interview.

a higher prevalence of ECC. 13% of those with a high
consumption of carbonated drinks also had 4
significantly higher ECC in comparison to those that
consumed non- carbonated drinks.

NB: Children over the age of 6 were also included in
this study.

Sohn, W. et al. (17) analysed the impact oi‘High consumption of carbonated drinks was linked to

Sugar sweetened
beverages (SSB)

\Warren JJ et al. (18) completed a longitudinal
study on children aged 6-24months with a low
socio-economic status (n = 212) and focused on
the effects of beverage consumption (andplaque,
mutans streptococci levels of mothers and
fluoride use) on the prevalence of ECC.

Higher prevalence of ECC in children consuming
sugar sweetened drinks (p = 0.04). SSBs are 4
significant predictor of ECC.NB: Study also reported,
on the effects of plaque, microbiology and fluoride]
use; however, these results were excluded from our
conclusion as they did not meet the PEO.

Lim, S. etal (19) carried out a longitudinal study
looking at low-income African-American
children in Detroit andtheir consumption of sof
drinks (compared to milk and 100% fruit juice)
and its association with ECC in 3-5-year-olds,
(n = 369).

Higher consumption of soft drinks increased the

development of ECC in comparison to the]

consumption of milk and/or 100% fruit juice. Children

that went from being low consumersof soft drinks to|

high consumers had 1.75 times higher DMFT after 2
ears.

High
snacking

frequencyof

IAAPD (20) policy on ECC and preventive]
strategies.

Snacking in between meals and prolonged exposure toj
fermentable carbohydrates should be avoided where]
possible.

Yen, C. E. et al (21) studied the relationship
between dietary intake and caries in children
aged 3-6 years (n = 182) from day care centres
in Taiwan.

Increased frequency of shacks in between meals
caused an increased risk of ECC.

Pre-bedtime feeding habits

IAAPD (20) policy on ECC and preventivel
strategies.

IAd libitum  breastfeeding should be

discouraged before bedtime after 6 months.

Rahman N.H.A et al (22) examined pre- bedtime|

milk (assumed to be cow’s milk) consumption

ECC was most prevalent in children aged 4-5 years,

likely due to a cumulative effect. Milk consumed
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and caries in children between 0-5 years old.

directly pre-bedtime was associated with higher ECC,

Mode of drinking in

IAAPD (20) policy on ECC and preventive

Bottles are actively discouraged at 12 months and

demineralise enamel structures.

infants strategies older. Children should instead be encouraged to
drink from a free flow cup.
Formula milk Erickson PR et al. (23) examined the oral pH|Some infant formulas were unable to significantly]

changes and streptococcus sobrinus coloniesbuffer acid, which in the oral cavity, may allow the
after rinsing with infant formulas. The study alsofplaque pH to drop more quickly, increasing the rate of
examined the buffering capacities of salivafECC development.

against the formulas and their ability to

NB: dmfs and dmft are both quantitative measures of caries present using either the teeth (dmft) or tooth surfaces (dmfs)

Sucrose has been found to be twice as cariogenic as fructose (37) which is
commonly found in western diets of children under 6 who are given foods
containing sugar, maple syrup, dates and honey, to name a few.

The cariogenic potential of foods containing these sugars also depends on the
substantivity and the frequency of consumption. It must also be noted that when
eaten in conjunction with other foods, the cariogenic effects may be mitigated.
Presence of cheese, cocoa, and xylitol among other foods, appears to reduce the
cariogenic potential of a sucrose-containing meal in the mechanisms outlined in
the third column of table 2 (38). Imfeld, T et al. (39) recorded interdental plaque
pH during different meal patterns using plaque pH telemetry. It was found that
peanuts and cheddar cheese increase oral alkalinity, and cheese reduces pH drop
(but the comparison used in the study was a sugar rinse) (40).

Similarly, Jensen, M.E et al. (41) discussed the acidogenic potential of a variety
of foods by using short-term pH telemetry (30 min) on interdental plaque (n=5)
dairy sources such as; cheddar cheese and skimmed milk were less acidogenic
than other common dietary foods.

Raw, unrefined cocoa without added sugar was shown to inhibit oral
acidification with anti-plaque activity at the ADA conference in 2015 (38).
From the findings that can be concluded from the studies collated in the table
above, the necessity to consider the diet as a whole is further underlined.

It is prudent to consider the structure of the foods consumed. The cariogenic
potential of an apple or a toffee varies even if the sugar content of both is equal.
Aside from substantivity in the mouth, the water content, fibre and presence of
minerals, such as calcium reduce the cariogenic potential of natural bound
sugars such as those found in fruit. Furthermore, the mastication usually needed
intra-orally during consumption of foods containing natural bound sugars
mitigates the risk of developing dental caries by increasing salivary secretions
and sugar clearance. The WHO has stated that it is the intake of free sugars that
should be limited to prevent non-communicable diseases, including ECC (42).
Interestingly, the research was conflicting but the majority of studies found that
presence of fruit in the diet was inversely correlated with ECC, this may reflect
socio-economic status or health behaviours of the parents but fruit, when eaten
whole, should not be excluded in a child’s diet due to the sugar content. It must
also be noted that different fruits have different substantivities, minerals, fibre
content and thus varying degrees of cariogenicity.

WHO guidelines recommend that consumption of free sugars should provide
<10% of energy intake, with a suggestion to further reduce intake to <5% of
total energy consumed with the aim to prevent dental decay (42). Although
reducing intake of free sugars to less than 10% of total energy intake
prominently reduces the risk of developing caries, it does not eliminate the risk
entirely. Caries is a cumulative and ongoing disease which underlines the
necessity to control all risk factors for the development of caries in paediatric
patients, henceforth eradicating the potential to initiate a ceaseless restorative
cycle.

The most prevalent dietary factors implicated in the development of ECC as
seen in the current literature are frequent consumption of food and drinks
containing fermentable carbohydrates as free sugars, particularly when
consumed outside of mealtimes. As aforementioned, the cariogenic potential of
these substances is in combination with time, host surface and biofilm
formation, and is often exacerbated by non-dietary factors such as insufficient
fluoride exposure, poor oral hygiene and a subsequent alteration of oral
microflora (3).

Indirect factors increasing the risk of ECC

Socioeconomic status of children belonging to ethnic and racial minorities have
higher prevalence of malnourishment, leading to increased risk for enamel
hypoplasia and insufficient fluoride exposure, combined with a greater
inclination for a cheaper and more sugary diet (43). A similar pattern was seen
in children born to single mothers (44).

Having parents earning low-income salaries put the child with a higher
likelihood of having a DMFT/dmft score that was four times higher than those
with parents earning high-income salaries (45,46). Parents’ own lifestyles often
dictate the diet and prognosis of their child’s health particularly in children
under 6. Parents influence which foods are present in the house, the meals that
are frequently consumed, as well as timings and feeding behaviours. High-
energy and low-cost foods are more prevalent in households that are in the low-
income category as they are generally more affordable. These high-energy foods
are usually saturated with sugar and salt. Unfortunately, this often reduces the
overall diet quality by providing energy without micronutrients. It can also be
hypothesised that those from low-income households are often not advantaged
enough to be provided education regarding good oral hygiene practices and are
likely to access a dental care professional less frequently due to financial
pressures which may be confounding factors. The research draws conclusions
that children at either extreme of weight; either significantly underweight or
overweight, have higher prevalence of caries, this finding resounded with low
socioeconomic status families from deprived backgrounds presenting with more
ECC.

It is important to note the use of sugar sweetened foods and beverages given as
a reward to a child. Not forgetting the administration of cariogenic foods given
by caregivers even after having a dental appointment. Paediatric patients will
eagerly await their sugary snack from parents who are simply too exhausted to
refuse, immediately relegating their child’s oral health secondary to
management of the child’s emotional requests. Extensive literature has
elucidated the addictive properties of sugar (47), hence it is unsurprising that
when given regularly, rather than as a one off treat, an often painful cycle of
deteriorating oral health commences.

Dietary acids are often overlooked in paediatric dietary analysis as sugar takes
the main precedence. As described earlier, the pathogenesis of caries involves
anaerobic metabolism of dietary substrates by acidogenic bacteria which
demineralise the tooth surface in the presence of substrate and time. Direct
extrinsic acids can also form an optimum environment for tooth decay to occur.
Fortified when in combination with free sugars, an example would be coca cola,
which has a pH of 2.6 owing to its phosphoric acid content. We know that
enamel is demineralised at a critical pH less than 5.5, as delineated by Stephan’s
curve [48].

Enamel defects and erosion are often exacerbated by dietary acids without
bacterial aetiology. The weakening of the hexagonal enamel prisms due to
effects from extrinsic acids leaves the tooth structure more susceptible to decay
and breakdown. Thus, it is integral to examine the combination of foods
consumed in our patient’s meals and snacks and the timings of consumption.

Eating disorders will also weigh heavily on the development of caries due to the
weakening of tooth structures, leaving the hydroxyapatite more likely to
demineralise. However, illnesses such as anorexia and bulimia nervosa are
significantly more pronounced in older paediatric patients, with a peak
prevalence in puberty (49). It is rare to discover eating disorders in children
under 6, likely due to reduced self-awareness, high activity levels and a large
proportion of meals being supervised and provided by caregivers.

Discussion:
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Every child has the right to the best start in life and this has been highlighted by
programmes initiated by Public Health England. Dietary routines form patterns
of behaviour and when repeated over a prolonged period of time, this will result
in lasting impacts on not only the primary dentition, but also secondary.

There is universal recognition that consumption of free sugars and fermentable
carbohydrates heavily precipitates the development of caries. However, a
holistic approach to diet including all food groups needs to be investigated to
devise an easy to follow and nutritionally balanced guide for caregivers to
utilize when providing nourishment to children under 6. Examining the diet as
a whole gives a further understanding of contribution to the development of
caries, as opposed to examining sugar intake and frequency alone.

There are many dietary guidelines currently disseminated to the public, such as
The Eatwell guide and Start4Life. The dietary proposal based upon the research
in this review is unique in that it includes examples of foods containing the
necessary macro and micronutrients with appropriate timings and combination
of food groups in an easily

adaptable structure that can be tailored to individual children and caregivers'
daily routines and circumstances, along with advice for good dietary practice
including sipping water after meals, mode of drinking beverages other than
water and many more good habits.

There is a large overlap in diets that are beneficial for oral and systemic health
(50,51). Habits are more likely to be efficacious and sustainable long-term if
primary caregivers implement healthy habits earlier, the importance of which
cannot be understated. Dietary counselling may even begin as early as
prenatally. This in turn, will likely reflect well on the patient’s general health as
they grow throughout life with a firm foundation set in childhood. Such good
habits often echo in generations to follow with positive examples of health-
supporting dietary routines already established from such a young age. The shift
towards a healthier diet in children has already been initiated with healthier
school meals (52) the sugar tax, and many other examples. The dietary plan
which is to follow from this literature review aims to facilitate the transition into
a more nutritiously balanced diet to nourish our patient’s lifestyle and reduce
the risk of a multitude of non-communicable diseases, principally caries. This
concept may appear utopian, yet we are in prime position to see our patients
regularly to motivate and enforce good dietary habits, for which the benefits are
endless.

The transition to a more holistic approach to patient care will be well
supplemented by a dentist and nutritionist approved dietary plan from which
parents and guardians can base their child’s diet upon. Child health
professionals, dental care professionals, schools and caregivers may use this
dietary guide as a primary structure in which they can provide concise and
bespoke dietary advice to the guardians of each individual paediatric patient
dependent on the routine of the child, the age, guardian’s occupation, and
guardian motivation and participation. The dietary guide will aim to provide a
tool that child health professionals, dentists and guardians can employ to
simplify the intricate, yet highly crucial, weapon towards prevention.

Conclusion:

All children deserve the best start to life and with tooth decay as one of the most
common oral diseases, prevention is vital as the consequences of ECC can be
detrimental to the overall quality of life. Significant regional inequalities remain
based on differences in socio-economic status, although we are fortunate for the
movement towards preventative care, further research needs to be carried out to
highlight the importance of all dietary aspects.

During this literature review, it has been highlighted that recent studies and
those that have been carried out within the UK are sparse and single-faceted,
focusing mainly on the presence of sugar within the diet. Many of the studies
carried out in other countries have limited applications within the varying
demographics in the UK. Despite the Eatwell guide serving as the highest
regarded dietary reference for the population, it has its limitations; the advice to
‘eat less often and in small amounts’, is not easily interpreted by members of
the public and perhaps evokes a negative connotation with eating. Conversely,
we aim to provide positive dietary aids that not only support a well nutritioned
diet that prevents non-communicable diseases, but gives detailed advice on
behavioural habits such as timing of snacks, mode of consumption, examples of
food groupings.
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As the authors understand the complexity of the interaction between different
factors in the process of dental decay, we would suggest that the future studies
should be directed more towards dietary habits rather than focusing on the
presence or absence of sugar within the diet. We believe that this will have a
better impact on the dietary habits in the community as the perception and
understanding of such advice would be more applicable into daily life. 1t would
be interesting to conduct a study looking at children under the age of 6 who
follow different dietary plans based on geographic location, with all other oral
health factors such as oral hygiene, socioeconomic status and fluoride
controlled, and assess the resulting dmft, although we acknowledge that
controlling these variables is extremely difficult in a real-life setting.
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