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n this paper, an overview of diet, nutrition and oral
health associations is presented and recommenda-

tions for inclusion of this topic in the dental hygienists
curriculum are made. Nutrition and diet impact upon
many oral diseases including periodontal disease, oral
infections, oral cancer, enamel developmental defects,
dental caries and dental erosion. Poor nutritional status
compromises the immune status increasing the severity
of oral infections, whereas good nutrition may protect
against certain oral conditions, e.g. noma. Nutritional af-
fects the teeth pre-eruptively during development but
this effect is of much less importance than the local ef-
fect of diet in the mouth, e.g. in the causation of dental
erosion and dental caries. Dental erosion is perceived to
be increasing and is in particular associated with con-
sumption of acidic drinks. Dental caries in many Euro-
pean countries remains unacceptably high, and evidence
for an association between sugars and dental caries is
indisputable; intakes of free sugars below 15 – 20 kg
per year are associated with good dental health. Fluoride
increases the safe threshold for sugars intake yet alone,
it does not eliminate caries. Dietary advice for dental
health must be consistent with advice for general health.
Current dietary recommendations for the prevention of
chronic diseases promote increased consumption of
fruit vegetables and starchy wholegrain foods and re-

I duced consumption of fat (especially saturated) free su-
gars and salt: these dietary changes would be likely to
reduce oral diseases. It is recommended that the dental
hygienist has a broad background knowledge of general
nutrition, an in-depth knowledge of the associations bet-
ween nutrition and oral health and good communication
skills necessary to impart dietary advice and support be-
havioral changes.

BACKGROUND

The recently published World Health Organization (WHO)
report ‘Diet in the Prevention of Chronic Diseases ’(WHO,
2003) recommended that “the training of all health pro-
fessionals (including physicians, dentists, nurses and
nutritionists) should include diet, nutrition and physical
activity as key determinants of medical and dental
health.” The aim of this paper is to provide an overview
to the scientific background of the current status of evi-
dence for the interrelationships between nutrition and
oral health and to summarize how this forms the evi-
dence base for oral health promotion. A brief overview of
the role between diet and general health is presented
and recommendations for inclusion of nutrition and diet
in the curriculum of dental hygienists are summarized.

Oral health encompasses the health of the teeth, the
tissues surrounding the teeth (the periodontium) and the
oral mucosa – where any of these structures may be-
come diseased. Enamel defects, dental caries, erosion
of the teeth, periodontal disease, mouth ulcers and oral
cancer are all oral conditions that are influenced by nu-
trition and diet. Whilst periodontal disease remains the
major cause of tooth loss worldwide, dental caries is the
main cause of tooth loss in children. Table 1 summarizes
the oral conditions that are associated with diet and/or
nutrition that will be considered in this review.
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Diet and General Health

In addition to dental diseases, many other chronic di-
seases including cardiovascular diseases, type II diabe-
tes, and cancer, are associated with dietary risk factors.
WHO recently published a report of an expert consulta-
tion on diet in the prevention of chronic diseases (WHO,
2003), where more in-depth information on the associa-
tions between diet and general health may be found. The
current nutrient guidelines from this report are summa-
rized in Table 2.

Obesity is a major health problem for all age groups
throughout Europe that now affects between 10 and 40%
of the adult population and is increasing rapidly in young
adults and children (Astrup, 2001; WHO, 2003). Obesity
increases the risk of developing Type II Diabetes, cardio-
vascular disease and some cancers. Eating behaviors
that are associated with obesity include snacking and
eating frequently, and eating outside the home (WHO,
2003). Regular physical activity is associated with a lo-
wer risk of obesity as are diets high in non-starch
polysaccharide (NSP), whereas a sedentary lifestyle and

Table 1 Oral conditions associated with nutrition and diet

Oral condition Nutritional/dietary association

Angular Cheilitis Deficiency of riboflavin (vitamin B2), vitamin B6, folate, 
vitamin C, iron

Burning mouth syndrome Deficiencies of Thiamin (vitamin B1), Vitamin B6

Dental caries Free sugars intake

Dental erosion Acidic drink and food intake

Enamel hypoplasia Deficiencies of vitamins A and D and protein

Enamel opacities Excess fluoride

Glossitis Deficiency of riboflavin (vitamin B2), vitamin B6, 
folate, iron

Noma Protein energy malnutrition

Oral cancer Low intake of fruits and vegetables

Periodontal disease Vitamin C deficiency

Recurrent aphthae

Salivary gland atrophy Deficiency of riboflavin (vitamin B2), folate, vitamin C

Stomatitis Deficiencies of Protein and Vitamin A 

Tooth loss Low intake of fiber, vitamin C and fruits and vegetables

Table 2 Nutrient and dietary recommendations for the prevention of 
chronic diseases: population goals (WHO, 2003)

Nutrient or food group Goal 

Total fat 15 – 30% energy intake

Saturated fat < 10% energy intake

Carbohydrate 55 – 75% energy intake

Free sugars < 10% energy intake

Protein 10 – 15% energy intake

Cholesterol < 300 mg per day

Sodium chloride (salt) < 5 g per day

Fruits and vegetables > 400 g per day

Non-starch polysaccharide (dietary fiber) from foods*

* The recommended intake of fruit and vegetables and consumption of wholegrain foods is likely to 
provide > 20 g per day of non-starch polysaccharide
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a high intake of energy dense foods rich in fats and free
sugars and low in micronutrients are associated with in-
creased risk (Astrup, 2001; WHO 2003). There is some
evidence that a high intake of sugared soft drinks and
fruit juices contributes to obesity (WHO, 2003).

The prevalence of Type II diabetes is increasing and is
associated with overweight and obesity (Astrup, 2001;
WHO 2003). Evidence shows that diets high in saturated
fatty acids increase the risk of Type II diabetes and re-
placement of saturated fats with unsaturated improves
glucose tolerance. Physical activity and diets high in
non-starch polysaccharides (NSP) have a protective ef-
fect and diets high in whole grains, fruits and vegetables
(all rich in NSP) improve glucose tolerance and may slow
the progression of impaired glucose tolerance into the
full expression of type II diabetes (WHO, 2003).

Although most attention has focused on reducing
intake of saturated fat for prevention of cardiovascular
disease, increasing the intake of fish oils, foods high in
linoleic acid and potassium (e.g. vegetables) NSP, anti-
oxidants, calcium, folic acid and low to moderate alcohol
consumption along with increased physical activity, may
contribute to its prevention (Renaud and Lanzmann-
Petithory, 2001; WHO, 2003). There is strong evidence
that saturated fatty acids, high salt intake, being over-
weight or obese and a high alcohol intake increase the
risk of cardiovascular disease. A high intake of dietary
cholesterol and unfiltered boiled coffee may also in-
crease risk (WHO, 2003).

Diet is an important determinant of risk for many can-
cers accounting for 30% of cancers in Westernized coun-
tries (Doll and Peto, 1996). There is strong evidence for
an increased risk of cancer associated with overweight
and obesity, high consumption of alcohol, aflatoxins and
salted fermented fish. There is also evidence to show
that consumption of hot drinks and foods and consump-
tion of salt preserved items are associated with cancer.
There is good evidence that a high consumption of fruits
and vegetables protects against certain cancers.

Based on the present available evidence for an asso-
ciation between diet and chronic diseases the dietary
recommendations for industrialized countries are to in-
crease the consumption of fruits, vegetables and starchy
staple foods, especially wholegrain varieties and to de-
crease the intake of fat, in particular saturated fat, and
free sugars (Table 2).

The Impact of Oral Disease

Dental diseases impose both financial and social
burdens; the treatment of dental caries is expensive for
governments, costing between 5% and 10% of total
healthcare expenditures exceeding the cost of treating
cardiovascular disease, cancer and osteoporosis
(Sheiham, 2001). Despite a low mortality rate associa-
ted with dental diseases, they have a considerable im-

pact on self-esteem, eating ability, nutrition and health,
both in childhood and older age. Dental decay may result
in tooth loss, which reduces the ability to eat a varied
diet and is in particular associated with a diet low in
fruits, and vegetables and NSP (Moynihan et al, 1994;
Steele et al, 1998). Tooth loss may therefore impede the
achievement of dietary goals and the enjoyment of food.

Periodontal Disease

Apart from severe vitamin C deficiency, which results in
scurvy-related periodontitis, there is at present little evi-
dence for a strong association between diet and perio-
dontal disease. The main overriding factor in the etiology
of periodontal disease is the presence of plaque, and
prevention measures focus on oral hygiene. There is
some evidence to suggest that periodontal disease
progresses more rapidly in undernourished populations
and the important role of nutrition in maintaining an ade-
quate host immune response may explain this observa-
tion (Enwonwu, 1995). A high sucrose intake is asso-
ciated with increased plaque volume due to the produc-
tion of extra cellular glucans, and there is a strong asso-
ciation between plaque volume and gingivitis. Human in-
tervention studies have shown higher plaque volumes
and increased gingivitis with high sucrose diets com-
pared with low sucrose diets (Scheinin et al, 1976; Sidi
and Ashley, 1984). However, the maximum reduction in
sugar in the diet that is practically possible would not be
sufficient to prevent the development of gingivitis
(Gaengler et al, 1986).

Nutrition and Oral Infectious Diseases

Malnutrition impairs immune function of the host, there-
by intensifying the severity of oral infections and may lead
to their evolution into life-threatening diseases (Enwonwu
et al, 2002). For example, malnutrition accelerates the
progression of necrotizing periodontitis (NP) to life threa-
tening noma. NP is a lesion affecting the interproximal
gingival papillae that predominantly affects young chil-
dren who are immunocompromised due to malnutrition
and common tropical infections. If not promptly treated,
NP and other oral inflammatory lesions in malnourished
children may evolve into noma (cancrum oris). This is a
dehumanizing oro-facial gangrene that destroys the soft
and hard tissues of the oral and surrounding structures.

Nutrition and Oral Cancer

Oral cancer (cancers of the tongue, gums, floor of mouth
and other mucosal surfaces, lips and salivary glands) is
the fifth most common cancer in the world and the se-
venth most common cause of death from cancer (World
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Cancer Research Fund, 1997). Tobacco use and alcohol
are the main aetiological factors, although there is some
evidence for a protective effect of some micronutrients
and increasing evidence for a preventive role of fruits
and vegetables.

There is some evidence for an association between
deficiency of iron and oral cancer (Rich and Radden,
1984; Chyou et al, 1995; World Cancer Research Fund,
1997) although some results are conflicting making the
overall evidence inconclusive. Likewise, despite a few
associations between selenium status and oral cancer,
results are inconclusive (World Cancer Research Fund,
1997). Antioxidant vitamins A, C, E and the carotenoids,
may have a protective role by scavenging potentially mu-
tagenic free radicals from damaged cells. There is con-
vincing evidence for a protective role of vitamin C, a
limited number of interventions studies to show a pre-
ventive effect of vitamin E, and good evidence that caro-
tenoids prevent leucoplakia (pre-cancer) (World Cancer
Research Fund, 1997). A meta-analysis (Macfarlane,
1993) investigating the effects of tobacco, alcohol, fruits
and vegetables, macronutrients, vitamin C and fiber on
oral cancer found that fiber and vitamin C status were in-
versely related to disease risk across study populations
and the greatest reduction in risk from vitamin C,
occurred in heavy smokers.

Vitamin supplementation studies have produced in-
consistent results, suggesting the individual vitamins
may not be the only bioactive component and could
serve as a marker for other ‘bioactive’ substances found
in the same food sources. The convincing evidence that
diets high in fruits and vegetables offer protection
against oral cancer supports this view. The protective ef-
fect of fruits and vegetables remains after adjusting for
tobacco use and alcohol consumption. The evidence
shows that the strongest protection is offered by fruit
(World Cancer Research Fund, 1997). However, well
designed dietary intervention studies that prospectively
investigate the association between fruit and vegetable
intake and risk of oral cancer are required.

The Effects of Diet and Nutrition on Enamel Defects

Nutritional status affects the teeth during the pre-erup-
tive stage and this subsequently may influence the sus-
ceptibility of the teeth to decay. However, the pre-eruptive
nutritional influence is much less important that the
post-eruptive local effect of diet on caries formation
(Rugg-Gunn, 1993).

Developmental defects may be broadly classified into
opacities which are areas of opaque enamel largely
caused by excess fluoride ingestion, or ‘hypoplasia’ which
manifests as pits, fissures or larger areas of missing
enamel. Nutritional deficiency is just one cause of enamel
hypoplasia (Pindborg, 1982). Most attention has focused
disturbances of calcium and phosphorus metabolism and

deficiencies of vitamins A and D and protein as nutritional
causes of hypoplasia (Rugg-Gunn, 1993). Malnourished
communities have a higher caries incidence than expec-
ted if compared with well nourished communities con-
suming similar levels of sugar, however, this may be due
to nutritional influences on the salivary glands as well as
enamel formation. Excessive ingestion of fluoride during
the development of enamel causes enamel fluorosis
(Rugg-Gunn et al, 1998). There is some evidence that mal-
nutrition exacerbates fluorosis (Rugg- Gunn et al, 1998).
Damage to the teeth during the development is perma-
nent damage that affects the aesthetics of the teeth and
the susceptibility to dental diseases.

Dental Caries

Despite the marked decline in dental caries in developed
countries over the past 30 years, dental caries remains
unacceptably high and is a major public health problem
(Table 3). Available data show that in high income coun-
tries the mean DMFT at age 12 years is 2.1 (WHO, 2001).

However, even in countries with low average DMFT
scores, dental caries still affects the majority of children.
There is some indication that the favorable trends in
dental caries levels have come to a halt (Fejerskov and
Baelum, 1998).

In the absence of dietary sugars very little dental ca-
ries occur and dental caries was not a problem before
widespread production and consumption of sugar. The
development of caries requires sugars and bacteria to
occur, but is influenced by the susceptibility of the tooth,
the bacterial profile, quantity and quality of the, saliva,
bacterial profile, and the time for which dietary sugars
are in contact with oral bacteria.

Dietary Sugars and Dental Caries

There is a wealth of information on the role of sugars in
the etiology of dental caries. The evidence comes from
many different types of investigation (Table 4) including
human, animal and in vitro studies. Together, information
from each type of study provides an overall picture of the
cariogenic potential of foods containing sugars and other
carbohydrates. In this report paper the term ‘sugars’ re-
fers to all mono and disaccharides while the term ‘sugar’
only refers to sucrose, the term ‘free sugars’ refers to all
mono and disaccharides added to foods by manufactur-
er, cook or consumer, plus sugars naturally present in
honey, fruit juices and syrups.

Worldwide Ecological Studies

Sugar intake and levels of dental caries can be com-
pared at a between-country level. Sreebny (1982) corre-
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lated the dental caries experience of 12-year-olds to
sugar supplies data of 47 countries observing a signifi-
cant correlation (r = + 0.7) and indicating that 52% of
the variation in caries levels could be explained by the
per-capita availability of sugar (Fig 1). From these data
Marthaler calculated that for every 25 g of sugar per day
one tooth per child would become decayed, missing or
filled (Marthaler, 1990). A later analysis by Woodward
and Walker (1994) did not find a significant association
between per capita sugar availability and caries levels for
developed countries (however, overall, sugars availability
still accounted for 28% of the variation in caries levels),
possibly because with such high sugar intakes in these
countries, changing the level of sugar intake by a few
kilograms per year will not influence the caries challenge
(Nadanovsky, 1994).

Observations of Populations Following a Change in
Diet

As populations move away from their traditional diets
and adopt a more Westernized diet, high in free sugars,
a marked increase in caries is observed. Examples of
this are the North American Eskimos, Greenlanders,
Indians and the inhabitants of the Island of Tristan da
Cunha (Fisher, 1968). The Islanders of Tristan da Cunha
had exceptionally low level of caries in 1937 when they
were an isolated, self-sufficient community with a low
sugars intake of only 1.8 g/person/day. From the
1940 s they began to trade with outside communities
and sugar was introduced into the diet. By 1966, the
average daily intake of sugar was 150 g per person, and
the prevalence of dental caries had increased over
ten-fold (Fig 2). Since refined flour was introduced at the
same time as sugar, it is not possible to make a clear
distinction between the effects of sugar and starch, how-
ever, their traditional diet was high in starch, in the form
of cooked potato, which suggests that sugar had the
most marked effect.

Observations of Diets before, during, and after the
Second World War

Food rationing during the years of the Second World War
resulted in people consuming a diet that was low in su-
gars. Data from Europe and Japan indicate that this was
associated with a marked reduction in caries prevalence
which subsequently increased again when restrictions
were lifted (Sognnaes, 1948; Takeuchi, 1961; Marthaler,
1967). Fig 3 shows data from Japan for sugars intake
and dental caries levels before, during, and after the
Second World War (Takeuchi 1961). More recently,
Miyazaki and Morimoto (1996) reported a significant cor-
relation (r = + 0.91) between sugar availability in Japan
and DMFT at age 12 between 1957 and 1987.

Table 3 Mean DMFT of 12-year-old persons in 
European countries for which post 1997 data are 
available

Country Year DMFT

Austria 1997 1.7

Belarus 2000 2.7

Belgium 1998 1.6

Bosnia & Herzegovina 2001 6.1

Bulgaria 2000 4.4

Croatia 1999 3.5

Czech Republic 1998 3.4

Denmark 2001 0.9

Estonia 1998 2.7

Finland 1997 1.1

France 1998 1.9

Germany 2000 1.2

Greece 2000 2.2

Ireland 1997 1.1

Latvia 2000 3.9

Macedonia 1999 3.03

Netherlands 1998 0.6

Norway 1999 1.5

Poland 2000 3.8

Portugal 2000 2.95

Romania 1998 7.3

Slovakia 1998 4.3

Slovenia 1998 1.8

Sweden 2001 0.9

Switzerland 1996 0.8

United Kingdom 2000-1 0.9

Romania 1996 3.8

Source: WHO Global Oral Health Data Bank (WHO, 2001)

Table 4 The different types of experiment data 
from which collectively provides evidence for an 
association between diet and dental health

Experiments in vitro

Plaque pH experiments in human volunteers

Enamel slab experiments in human volunteers

Animal studies

Human observational studies

Human intervention studies
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High and Low Sugar Consumers

Evidence for a link between sugars intake and caries
also comes from observations of groups of people that
habitually consume either high or low levels of sugars.
Low dental caries experience has been reported in
groups of people with a habitually low sugars intake, e.g.
children in institutions where with strict dietary regimens

are inflicted (Harris, 1963) and children with hereditary
fructose intolerance (Newbrun et al, 1980).

Children living in the Hopewood House children’s
home in Australia followed a strict lacto vegetarian diet
that was low in sugars and refined flour. Their oral hygiene
was virtually absent and fluoride exposure was low. Den-
tal caries levels were monitored annually between 1947
and 1962 and were much lower than children attending

Fig 1 Dental caries expe-
rience (DMFT) of 12 year old
children plotted against su-
gar supply data (g/per-
son/day) in 47 countries.
Data from Sreebny (1982),
reproduced with permission
of the editor of Community
Dentistry and Oral Epide-
miology (Blackwell Publish-
ing).
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state schools in New South Wales. Forty-six per cent of
12-year-olds in Hopewood House were caries-free com-
pared with only 1% of the children from state schools.
However, after 12 years of age when the children left the

home the rate of caries increased to levels observed in
children from the state schools (Harris, 1963).

A weakness of the data from observations of popula-
tions is that changes in intake of sugars are often asso-

Fig 2 Severity of dental caries (per cent DMFT/dmft) in three age groups of islanders of Tristan da Cunha, St Helena, at four
examinations between 1937 and 1966. Reproduced from Rugg-Gunn 1993, by kind permission of Oxford University Press.
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Fig 3 The relationship between the annual caries incidence in first permanent molar teeth in over 7000 Japanese children
and annual sugar consumption in Japan. Data from Takahashi (1961). Reproduced by kind permission of Professor J J Murray
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ciated with changes in the intake of refined flour, so
attributing changes in dental caries solely to changes in
the intake of sugars is not possible. An exception to this
is children with Hereditary Fructose Intolerance (HFI), a
congenital deficiency of fructose-1-phosphate aldolase
in which fructose (and therefore sucrose) is excluded
from the diet. People with HFI have a low intake of sugars
but, as glucose is tolerated do not have a restriction on
intake of starch. Studies have shown that subjects with
HFI have a low intake of sugars and a higher than aver-
age intake of starch yet a low caries experience (New-
brun et al, 1980; Petersen, 1983).

People with high intakes of sugars such as confectio-
nery industry workers (Anaise, 1978; Petersen, 1983) and
children with chronic diseases requiring long-term sugar-
containing medicines (Roberts and Roberts, 1979) have
been shown to have high caries levels. Earlier observations
were from populations not exposed to the benefits of flu-
oride, however, relatively more recently, Danish chocolate
factory workers were found to have significantly higher den-
tal disease than ship-yard workers (Petersen, 1983). Sim-
ilar findings were reported by Masalin in a study of sweet
biscuit factory workers in Finland (Masalin et al, 1990).

Cross-sectional Studies

Dental caries develops over time and therefore simulta-
neous measurements of disease levels and diet may not
give a true reflection of the role of diet in the develop-
ment of the disease. It is the diet several years earlier
that may be responsible for current caries levels.
Cross-sectional studies should therefore be interpreted
with caution. However, the diets of young children may
not have changed significantly since the eruption of the
teeth. A UK survey of children aged 1.5 to 4.5 years
showed an association between high intake of confec-
tionery and soft drinks and dental caries (Hinds and Gre-
gory, 1995). However, Marques and Messer (992) failed
to show an association between sugars intake and den-
tal caries in the primary dentition.

Rugg-Gunn (1993) summarized numerous cross-sec-
tional studies that compare sugars intake with dental
caries in the permanent dentition. Nine out of 21 studies
that investigated a relationship between amount of su-
gars consumed and dental caries found a significant re-
lationship and the remaining 12 did not. Twenty-three out
of the 37 studies investigating the relationship between
frequency of sugars consumption and caries levels
found a significant relationship and 14 did not. More re-
cently, the UK National Diet and Nutrition Survey of
young people aged 4 – 18 years, found no relationship
between amount of free sugars consumed and levels of
dental caries. However, in the 15 to 18 year old group,
those in the upper band of intake of free sugars were
more likely to have decay than those in the lower band
(70% compared with 52%) (Walker et al, 2000).

Longitudinal Studies

When investigating the association between diet and the
development of dental caries it is best to relate sugars
consumption to changes in dental caries over time in a
longitudinal design. Due to the cost and time implica-
tions of this type of study, longitudinal studies are rela-
tively rare.

Stecksen-Blicks and Gustafsson (1996) measured
caries increment over one year in 8 and 13-year-old chil-
dren and related it to diet at one time point. Despite the
short period of observation, a significant relationship
between caries development and intake of sugars was
found for both the primary and permanent dentition. In a
comprehensive study of caries and diet of over 400
English adolescents aged 11 to 12 years (Rugg-Gunn et
al, 1984) a small but significant relationship was found
between intake of total sugars and caries increment over
two years (r = + 0.2). In this study, those with the high-
est levels of sugars intake developed significantly more
caries than those with lower sugars intakes. Individuals
who developed no caries during the experimental period
consumed less confectionery and fewer sugared hot
drinks than average.

The Michigan Study was carried out in the USA bet-
ween 1982 and 1985 and investigated the relationship
between sugars intake and dental caries increment in
children initially aged 10 to 15 years (Burt et al, 1988).
This study also found a significant relationship between
the amount of dietary sugars and dental caries. Children
who consumed a higher proportion of their total dietary
energy as sugars had a higher caries increment. The
amount of sugars eaten in between meals was also re-
lated to caries. Intake of sugars was generally high for all
subjects in this study with only 20 out of 499 children
consuming less than 75 g/day. In the Michigan Study,
the reason for the low relative risks of caries develop-
ment in the high sugars consumers was that small
variances were found both for caries increment and
intake of sugars (Burt and Szpunar, 1994).

Marthaler (1990) conducted an extensive review to
address whether the relationship between dietary su-
gars and caries activity is vanishing in developed coun-
tries with high sugars availability and wide exposure to
fluoride. He concluded that in modern societies that
make use of prevention a relationship between sugars
consumption and caries activity still exists. Marthaler
pointed out that many older studies failed to show a re-
lationship between sugars intake and development of
dental caries because many of these were of poor me-
thodological design, used unsuitable methods of dietary
analysis and were of insufficient power (Marthaler,
1990). Correlations between individuals’ sugars con-
sumption and dental caries increments may be weak due
to the limited range of sugars intake in the study popula-
tion, i.e. variation in sugars intake within populations is
too low to show an effect on caries occurrence.
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Intervention Studies

Human intervention studies, in which diet is altered and
caries is monitored over a period of time, give the most
accurate assessment of the effects of diet on caries.
However, such studies are rare and those that have been
reported are from decades ago – often before the use of
fluoride was widespread. Nonetheless, two such studies
provide strong evidence for a link between the intake of
dietary sugars and the development of dental caries. The
first was the Vipeholm study (Gustafsson et al, 1954)
which was conducted in an adult mental institution in
Sweden in the late 1940 s before the strong association
between sugars and caries was established. The aim of
the study was to investigate the effects of consuming
sugary foods of varying stickiness and at different fre-
quencies (mealtimes only vs meal times and in between
meals) on caries development. It was found that sugar
had little effect on caries increment if it was ingested up
to a maximum of 4 times a day and at mealtimes only.
However, consumption of sugar in-between meals was
associated with a marked increase in dental caries. It
was also found that caries activity disappeared on with-
drawal of sugar from the diet. It would not be possible to
repeat such a study today, as it would be unethical to
prescribe high sugars diets knowing of the association
between sugars and dental caries.

The second intervention study, the Turku Sugars
Study (Scheinin et al, 1976), was carried out in Finland
in the 1970 s on adult volunteers who consumed a diet
in which all of the sucrose was replaced with either xylitol
or fructose. A third group of subjects consumed a normal
sucrose-containing diet and acted as a control. Three
groups of subjects (n = 125) aged 12 to 53 years, with
65% being in their twenties, consumed a diet sweetened
with sucrose, fructose or xylitol for a period of
25 months. Changes in the levels of dental caries were
measured over the study period. The results showed an
85% reduction in dental caries in the xylitol group who
had removed sugar from their diet. The findings are sum-
marized in Table 5. Overall, the conclusions of the Turku
Study are that substitution of sugar with xylitol virtually
abolished caries activity.

Frequency versus Amount of Sugars

The importance of frequency versus the total amount of
sugars is difficult to evaluate as the two variables are
hard to distinguish from each other. Data from animal
studies have indicated the importance of both frequency
(Konig et al, 1968; Firestone et al, 1984) and amount
(Mikx et al, 1975; Hefti and Schmid, 1979) of sugars
intake in the development of dental caries.

Some human studies have shown that the frequency
of sugars intake is an important factor for caries deve-
lopment including the aforementioned Vipeholm study

that showed caries increment was relatively low when in-
take of sugars was consumed up to four times a day at
mealtimes only (Gustafsson et al, 1954). More recent
studies have also shown caries development to be lower
when intake of sugars does not exceed 4 times a day. In
a study of 5-year-old Icelandic children, those reporting
4 or more intakes of sugars per day or 3 or more
between-meal snacks per day, had markedly increased
caries scores compared with children who consumed
sugars less frequently (Holbrook et al, 1989; Holbrook
et al, 1995). In a longitudinal study of English pre-school
children, DMFT was higher (DMFT 1.69) in children who
had four or more sweetened snacks and drinks a day
compared with children who only had them once a day
(DMFT 1.01) (Holt, 1991). The studies above suggest
that if free sugars intake is limited to a maximum of four
times a day, caries levels will be reduced.

Several longitudinal studies show amount of sugars
intake to be more important that frequency (Rugg-Gunn
et al, 1984; Burt et al, 1988; Szpunar et al, 1995).
Kleemola-Kujala and Rasanen (1982) found that dental
caries increased with increasing amount of sugars con-
sumption only when oral hygiene was poor.

There is a strong correlation between the amount and
frequency of sugars consumption. In an analysis of
dietary data from over 400 11 – 12-year-old children,
Rugg-Gunn found the correlation between frequency of
intake of sugar-rich foods and total weight consumed to
be + 0.77 (Fig 4) (Rugg-Gunn et al, 1984). Other investi-
gators have also reported a strong association between
frequency and amount of sugars consumption hence
supporting the view that both the frequency and the
amount of sugar intake are important.(Cleaton-Jones et
al, 1984; Ismail et al, 1984; Jamel et al, 1996).

Type and Form of Sugars

There is no evidence to show that, with the exception of
lactose, the cariogenicity of mono and disaccharide dif-
fers. For example the aforementioned Turku study
showed no difference between the cariogenicity of su-
crose compared with fructose (Scheinin et al, 1976).
Therefore, all free sugars pose a threat to teeth.

Table 5 Findings of the Turku Study 
(Scheinin et al, 1976)

Group DMFS (inc. pre-cavitation) DMFS (cavities only)

Sucrose 7.2 3.33

Fructose 3.8 3.57

Xylitol 0 1.47
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The adhesiveness or ‘stickiness’ of a food is not ne-
cessarily related to either oral retention time or carioge-
nic potential, as there is evidence to show that the
amount and frequency of consumption of high sugars
drinks (with low stickiness/oral retention) are associa-
ted with increased risk of dental caries (Ismail et al,
1984; Jamel et al, 1996).

Time of Day

Research has indicated that the worst time to consume
free sugars is close to bedtime. This is due to the low
salivary flow rate during sleep. Associations between
consumption of free sugars at bedtime and dental caries
have been reported in children (Hinds and Gregory, 1995;
Walker et al, 2000). Recent data has shown children that
consume sugary foods and drinks close to bed time have
been shown to have four times the number of decayed
teeth compared with children that did not have sugary
items within an hour of bedtime (Pitts et al, 2003).

The Influence of Fluoride on the Sugars-caries Rela-
tionship

The inverse relationship between fluoride in drinking-wa-
ter and dental caries is well established and widespread

use of fluoride largely accounts for the decline in dental
caries that has been observed in many countries over
the last 30 years. However, fluoride alone does not eli-
minate dental caries.

More recent studies on the relationship between su-
gars and caries are confounded by the presence of flu-
oride but show that a relationship between sugars intake
and caries still exists. Longitudinal studies have shown
the relationship between sugars intake and caries incre-
ment remains even after controlling for use of fluoride
and oral hygiene practices (Rugg-Gunn et al, 1984; Burt
et al, 1988). A relationship between frequency of su-
gars-rich snacks and caries levels in young children has
been found to exist even after controlling for use of flu-
oride (Holt, 1991). Weaver (1950) reported on the de-
cline in caries levels during the Second World War sugars
restrictions in 12-year-old children from areas with natu-
rally high and low water fluoride concentration in North
East England. Caries levels were lower in the high flu-
oride area in 1943, but by 1949 fell a further 54% indi-
cating that exposure to fluoride did not totally override
the effect of sugars in the diet. Kunzel and Fischer (Kun-
zel and Fischer, 1997) also showed that the beneficial
effects of fluoride vary according to levels of sugars con-
sumed. Marthaler (1990) concluded that, even when
there is exposure to fluoride, a relationship between su-
gars intake and caries exists and on reviewing the litera-
ture on declines in caries and associated factors stated

Fig 4 Graph to illustrate the relationship between frequency of intake against amount of intake of confectionery by 405 12 –
14 year old English children. Data from Rugg-Gunn (1984). Reproduced with kind permission of Professor Andrew Rugg-Gunn.
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that “within modern societies which are aware and make
use of prevention, the relation between sugars consump-
tion and caries activity still exists.” He also concluded
that “recent studies have demonstrated that sugar – su-
crose as well as other hexoses – continues to be the
main threat for dental health of: 1) whole populations
some developed and many developing countries; 2) for
the individual in both developed and developing coun-
tries; and 3) in spite of the progress made in using
fluorides and improved oral hygiene.” It is likely that, in
industrialized countries where there is adequate expo-
sure to fluoride, a further reduction in the prevalence and
severity of dental caries will not be achieved without a
reduction in free sugars intake.

Burt and Pai (2001) conducted a systematic review
that aimed to answer the question “in the modern age of
extensive fluoride exposure, do individuals with a high
level of sugars intake experience greater caries severity
relative to those with a lower level of intake?” The review
included papers published between 1980 and 2000 that
met the pre-determined inclusion criteria and a threshold
for scientific merit – a total of 36, were included in the
final analysis (Table 6). No paper failed to find a relation-
ship between sugars intake and caries. The conclusions
were that: 1) where there is good exposure to fluoride,
sugars consumption is a moderate risk factor for caries
in most people; 2) sugars consumption is likely to be a
more powerful indicator for risk of caries in persons who
do not have regular exposure to fluoride; and 3) with
widespread use of fluoride, sugars consumption still has
a role to play in the prevention of caries but this role is
not as strong as it is without exposure to fluoride.

What is the Safe Threshold for Free Sugars Consump-
tion?

It has been repeatedly observed that in countries/popu-
lations with an intake of free sugars below 15 – 20 kg
kg/person per year (equivalent to 40 – 55 g/person/
day) experience of caries is consistently low (Sreebny,

1982; Woodward and Walker, 1994; Sheiham, 2001;
World Health Organization, 2003). As intake exceeds
15 kg per person per year dental caries intensifies.
Table 7 summarizes the evidence for limiting the amount
of free sugars consumption.

Potential Impact of Free Sugars Reduction on Other
Dietary Components

Dietary advice for dental health must not conflict with
dietary advice for general health and therefore, it is im-
portant to consider the potential impact of a reduction in
free sugars on other components of the diet. There are
some reports from cross-sectional analysis of dietary
data of populations that show an inverse relationship
between the intake of free sugars and the intake of fat
(Gibney, 1995), suggesting that reducing free sugars
might lead to an increase in fat intake. There is, however,
an increasing evidence base from studies that have mo-
nitored dietary changes over time that shows that chan-
ges in intake of fat and free sugars are not inversely re-
lated, and that reductions in intake of dietary fat have
occurred and have been offset by an increase in intakes
of starch and not free sugars (Fletcher et al, 2001; Alexy
et al, 2002).

Starches and Dental Caries

Dietary starch is heterogeneous in nature, may be
consumed cooked or raw and may vary in degree of re-
finement. These factors need to be considered when
assessing the cariogenicity of foods that contain starch.
Current dietary guidelines encourage the consumption of
starch-rich staple foods, e.g. bread, potatoes, pasta and
rice, and fruit and vegetables that naturally contain
starch. It is therefore important that the cariogenic
effects of these types of starch are understood, to
ensure that dietary recommendations for general health
are not contraindicated in terms of dental health.

Table 6 Systematic review of sugars intake and dental caries: Distri-
bution of 36 papers showing strong, moderate and weak relationships 
between sugars intake and dental caries by type of study design (Burt 
and Pai, 2001)

Strong Moderate Weak Totals

Cohort studies 1 7 4 12

Case-control studies 0 1 0 1

Cross-sectional studies 0 11 12 23

Totals 1 19 16 36
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Experiments in vitro and animal experiments have
shown that raw starch is of low cariogenicity (Grenby,
1963; Grenby, 1970; Brudevold et al, 1985), cooked
starch is about one-third to one-half as cariogenic as
sucrose (Koulourides et al, 1976; Bowen et al, 1980;
Firestone et al, 1982), however, mixtures of starch and
sucrose are as cariogenic as sucrose alone (Firestone et
al, 1982). Plaque pH studies, using an indwelling oral
electrode, have shown starch-containing foods to reduce
plaque pH below 5.5, but starches are less acidogenic
than sucrose. Plaque pH studies measure acid produc-
tion from a substrate rather than caries development,
and take no account of the protective factors found in
some starch-containing foods or the effect of foods on
stimulation of salivary flow. There is no evidence from
human epidemiological studies that consumption of sta-
ple starchy foods is associated with dental caries. For

example, before the introduction of sugar, the inhabi-
tants of the Island of Tristan da Cunha had a low preva-
lence of caries, despite having a diet that was high in
cooked starch in the form of cooked potato (Fisher,
1968). People with HFI tend to have an above average in-
take of starch but a low level of caries (Newbrun et al,
1980). In the Turku study, restricting the intake of su-
crose alone, not restricting the intake of starch, resulted
in a low caries increment (Scheinin et al, 1976). Most
studies of populations with low intakes of sugars and
high intakes of starch have reported low caries levels
(Alfonsky, 1951; Russell et al, 1960). In Norway and
Japan the intake of starch increased during the Second
World War yet dental caries declined. Overall, dietary re-
commendations to reduce the intake of free sugars and
increase the intake of starchy staple foods are unlikely
to cause an increase in dental caries.

Table 7 Summary of the evidence for low levels of intake of free sugars

kg/person/year Author/year Caries levels Source of data

0 Turku study (1976)
Scheinin et al, (1976)

56% less caries when xylitol replaced 
sucrose 

Intervention study, Finland

0.2 – 15 Takahashi (1961) Annual caries increment was positively 
related to sugars when annual sugar 
intakes ranged from 0.2 – 15 kg. 
(r = + 0.8)

Data from Japan

10 – 15 Sheiham (1983) Caries low WHO database

< 10
> 15

Takeuchi (1962) Seldom caries in first two post eruptive 
years in first molars
Caries occurred in first post eruptive year 
and intensified

Data from Japan 1941 – 1958

> 12.3 Rodriguez (1997) Caries in deciduous dentition 29% more 
likely

Preschool children in Brazil

< 10
< 18.25

Woodward and Walker (1994) 78% of countries had DMFT < 2 and 30% 
with > 10 kg per year had DMFT < 2.0
DMFT < 3 in 23/26 countries

WHO database

< 10 Knowles (1946) > 50% of 3 – 7 year-olds were caries free War-time data children in Jersey/ 
England

< 15 Miyazaki and Morimoto (1996) DMFT < 3.0 Data from Japan 1945 – 1987

10.4 Schulerud (1950) Good dental health in 6 – 12-year-old 
children

War-time data from Norway

< 20 Buttner (1979) Caries very low Data from 18 countries in 1959

< 18.25 Sreebny (1982) DMFT < 3.0 WHO database
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Other Carbohydrates

Glucose polymers (maltodextrins and glucose syrups)
are produced from starch and are used in products such
as soft drinks, infant food and drinks, soya infant for-
mula, sports drinks, desserts, confectionery and energy
supplements. In medical practice, glucose polymers are
commonly added to soup, drinks, mashed potato, por-
ridge and puddings to increase the energy content.

In theory, glucose polymers have the potential to
cause dental caries as oral bacteria can utilize some of
the shorter-chain glucose polymers and salivary amylase
may also hydrolyse glucose polymers, to form shorter
chains that are readily metabolized. Information on the
cariogenic potential of glucose polymers is limited and
no clinical trials have been conducted. Grenby (1972) ob-
served no difference in caries development between rats
fed diets containing either glucose syrups or sucrose, al-
though glucose syrups were significantly less cariogenic
than sucrose when given to rats in a solution. Plaque pH
studies in human volunteers have shown that maltodex-
trins depress plaque pH to a lesser extent than sucrose
(Moynihan et al, 1996a).

Glucose syrups are present in place of lactose in soya
infant formula, raising concern about its cariogenic po-
tential. Soya infant formula contains free sugars and lo-
wer concentrations of calcium and phosphate than stan-
dard infant milk. Plaque pH studies have shown no sig-
nificant difference in acidogenic potential between soya
infant formula and standard infant milk (Moynihan et al,
1996b). However, infants with intolerance to lactose or
cows’ milk protein may remain on this formula for a num-
ber of years, whereas other young children can consume
cows’ milk (which has a lower sugars content and is
higher in protective factors) from 12 months. Early
weaning onto a cup and good oral hygiene are of parti-
cular importance to infants fed soya infant formula.

Fruit and Dental Caries

When consumed as part of a mixed human diet there is
little evidence showing that fruit is an important factor in
the development of dental caries (Martinsson, 1972;
Clancy et al, 1977; Rugg-Gunn et al, 1984). A number of
plaque pH studies have found fruit to be acidogenic, but
less so than sucrose (Ludwig and Bibby, 1957; Imfeld,
1983; Hussein et al, 1996). Animal studies have shown
that when fruit is consumed in very high frequencies
(e.g. 17 times a day) it may cause caries (Imfeld et al,
1991; Stephan, 1966) but the extent of this is much
less than that observed with sucrose. Recent research
has shown that apple polyphenols have an antibacterial
nature and that when they are extracted and added to
animal feeds they reduce caries development (Cordeiro
et al, 2000). Clinical trials of the effects of apple con-
sumption on dental caries have produced equivocal re-

sults (Slack and Martin, 1958; Averill and Averill, 1968).
Only one epidemiological study has reported an asso-
ciation between fruit consumption and dental caries
(Grobler and Blignaut, 1989). In this study of fruit farm
workers, fruit intakes were very high (e.g. 8 apples or
3 bunches of grapes per day) and DMFT of the workers
was higher compared with grain farm workers. However
the difference in DMFT arose solely from differences in
the numbers of missing teeth the cause of which was not
ascertained.

Dietary Factors which Protect against Dental Caries

Some dietary components protect against dental caries.
Dairy products without added sugars have long been
considered to be safe for teeth and milk was one of the
first foods that was discovered to be cariostatic (Sperling
et al, 1955). Cows’ milk contains calcium, phosphorus
and casein, all of which inhibit caries. Several studies
have shown that the fall in plaque pH following cows’
milk consumption is negligible (Rugg-Gunn et al, 1985;
Frostell, 1970). Evidence from animal experiments
shows cows’ milk is anti-cariogenic; cows’ milk reduces
the cariogenicity of sucrose-containing foods (Bibby et al,
1980; Reynolds and Johnson, 1981; Thompson et al,
1984). Human observational studies have shown an
inverse relationship between the consumption of cows’
milk and caries increment in children.

Human milk has a higher lactose content (∼ 7%) and
lower concentrations of calcium and phosphate than
cows’ milk, yet epidemiological studies have associated
breastfeeding with low levels of dental caries (Holt et al,
1982; Silver, 1987). There have been a few specific case
studies of early childhood caries in infants that received
prolonged ad libitum and nocturnal breastfeeding. An
additional advantage of breastfeeding is that it does not
necessitate the use of a feeder bottle to which additional
free sugars may be added.

The cariostatic nature of cheese has been demon-
strated in several experimental studies (Rugg-Gunn et al,
1975; Moynihan et al, 1999), human observational stu-
dies (Rugg-Gunn et al, 1984), and intervention studies
(Gedalia et al, 1994). Hard cheeses are good gustatory
stimulants and consumption raises plaque calcium con-
centrations, aiding remineralization (Rugg-Gunn et al,
1975; Moynihan et al, 1999). In a controlled clinical trial
of children, Gedalia and colleagues (Gedalia et al,
1994), demonstrated that eating a 5 g piece of hard
cheese daily, following breakfast, for a period of two
years, resulted in the development of significantly fewer
caries.

Consumption of wholegrain foods may protect against
decay. Such foods require more mastication thereby sti-
mulating increased saliva flow. Peanuts and chewing gum
are also salivary stimulants. Foods of plant origin contain
organic phosphates, inorganic phosphates, polyphenols
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and phytate which may have some protective effects
against caries. Both organic and inorganic phosphates
have been found to be effective in animal studies, but
studies in humans have produced inconclusive results
(Nizel and Harris, 1964; Craig, 1975).

Due to recognition that sugars cause caries there has
been a growth in the development of non-cariogenic
sweeteners and their use in drinks, confectionery and
chewing gums – foods otherwise high in free sugars that
tend to be consumed between meals. Non-sugar sweet-
eners include ‘bulk sweeteners’ (mostly sugar alcohols)
that add sweetness, volume and calories to products,
and ‘intense sweeteners’ that only add sweetness to a
product and contain negligible calories (Table 8). Nume-
rous studies including plaque pH studies, animal studies
and clinical trials have shown that non-sugars bulk
sweeteners are safe for teeth. Intense sweeteners are
not chemically related to sugars and are therefore
non-cariogenic. In 1989 a UK Department of Health
report concluded that non-sugars sweeteners are
non-cariogenic, or virtually so, and that substitution of
sugars with non-sugars sweeteners could substantially
reduce caries development. It also suggested that these
products would be most beneficial if they are used to
replace the sugars in the foods that are ingested most
frequently (Department of Health, 1989).

A successful use of non-cariogenic sweeteners has
been chewing gum. There has been much interest in the
cariostatic nature of xylitol, a sugar alcohol that is
non-fermentable by most oral microorganisms (Edwards-
son et al, 1977) and which is bacteriostatic. Several
trials of xylitol containing chewing gums have shown a
positive effect in reducing dental caries (Scheinen et al,
1975; Isokangas et al, 1988, Kandelman and Gagnon,
1990; Mäkinen et al, 1995).

Dental Erosion

Dental erosion is the progressive irreversible loss of den-
tal hard tissue that is chemically etched away from the
tooth surface by extrinsic and/or intrinsic acids by a pro-
cess that does not involve bacteria. There is a percep-
tion that the prevalence of dental erosion is increasing
especially in westernized countries. Dietary acids
(Table 9) are a major cause of erosion and the large
increase in the consumption of soft drinks is thought to
be largely responsible. Carbonic acid is, however, the
least erosive dietary acid and it is not just the efferves-
cent nature of the drink that is the aetiological factor.
Human observational studies have shown an associa-
tion between dental erosion and the consumption of
acidic drinks and foods, including fruit juice, soft drinks
(including sports drinks), foods containing vinegar, and
some fruits (Stabholz et al, 1983; Linkosalo and Mark-
kanen, 1985; Jarvinen et al, 1991; Millward et al,
1994). In the UK where soft drink consumption has
increased 800 fold in the last 50 years, over half of
teenagers have erosion to their permanent teeth and
age-related increases in dental erosion have been shown
to be greater in those with the highest intake of soft
drinks (Walker et al, 2000). Animal studies have shown
that fruit and soft drinks cause erosion (Holloway et al,
1958; Stephan, 1966), although fruit juices are signifi-
cantly more destructive than whole fruit (Miller, 1950;
Grenby et al, 1990). Many countries are not yet largely
affected by dental erosion and there are a number of
approaches for preventing it. For example, some makers
of soft drinks are trying to reduce the erosive nature of
their drinks. In vitro studies have shown drinks to which
calcium is added have reduced erosive and acidogenic
potential (Hughes et al, 1999).

Table 8 Non-sugar sweeteners permitted for 
food use

Bulk sweeteners Intense sweeteners

� Sorbitol � Saccharin

� Mannitol � Aspartame (NutraSweet, 
Canderel)

� Xylitol � Acesulfame K (Sunett)

� Maltitol � Thaumatin

� Lactitol

� Isomalt (Palatinit)

� Hydrogenated glucose 
syrup (Lycasin)

Table 9 Dietary acids

Acid Example of food source

Citric Citrus fruit/juices

Malic Apples/apple juice

Phosphoric Soft drinks, e.g. cola

Ascorbic (vitamin C) Vitamin C tablets

Tartaric Grapes, soft drinks

Carbonic Sparkling drinks

Oxalic Rhubarb



Moynihan

Vol 1, Supplement 1, 2003 399

The Effects of Tooth Loss on Diet, Nutrition and Health

In older people dental impairment may result in a poor
diet low in fruit and vegetables, fiber and vitamin C
(Moynihan et al, 1994; Steele et al, 1998). This may pre-
dispose to increased risk of diet related diseases such
as cardiovascular disease and cancer. Tooth loss is
sometimes perceived as a diminishing problem yet the
majority of those aged 65 years and over has no teeth
(WHO, 2001) and many have fewer than the 21 that are
thought to be necessary for adequate chewing function.
Additionally the number of people aged over 65 years is
increasing in many countries; for example in Europe it is
estimated that the number of people aged 65 years and
above will increase by 82% over the next 25 years. So
tooth loss and its associated problems for diet, health
and quality of life are unlikely to be eliminated in the fore-
seeable future. Effective means of dietary intervention in
those with compromised dental function need to be iden-
tified and implemented.

Summary of Scientific Evidence

In summary, the scientific evidence relating to diet and
oral diseases supports the following in oral health pro-
motion:

At present there is no strong evidence for a role of
dietary intervention in the prevention and/or treatment
of periodontal disease. However, a healthy diet, rich in
fruits and vegetables and micronutrients will help main-
tain an effective immune system necessary for the host
defense against inflammation and infection. Prevention
of malnutrition in impoverished societies is of para-
mount importance in the prevention of oral infectious
diseases including noma.

Deficiencies of vitamin D and malnutrition may cause
enamel developmental defects and salivary gland
defects which may increase susceptibility to decay. How-
ever, in developed countries, such deficiencies are rare
and oral health promotion should focus on the local
effect of diet in the mouth which is of relatively much
greater importance.

A wealth of evidence shows an association between
free sugars consumption and dental caries and indicates
that limiting the consumption of free sugars remains an
important part of caries prevention. Oral health promo-
tion should include means to reduce the amount and fre-
quency of consumption of free sugars. Intake of free su-
gars should not exceed 10% of energy intake (∼ 55 g per
day) and the number of intakes of foods containing free
sugars should be limited to four times per day.

Highly refined starches may also cause dental caries
and if mixed with free sugars they may be as cariogenic
as sugar alone. However, there is no evidence that
starch-rich staple foods such as bread, rice and other
cereals cause dental caries. Oral health promotion

should aim to reduce the consumption of foods high in
refined starch and sugars and promote increased con-
sumption of staple starchy wholegrain foods.

Fruit is high in essential micronutrients and fiber and
has been shown to be protective against oral cancer.
There is no strong evidence for an association between
fruit consumption and dental caries; fruit is a good sti-
mulant of salivary flow and contains factors that protect
against dental decay. High levels of consumption
coupled with unusual dietary practices (e.g. sucking
lemons) may be associated with dental erosion. How-
ever, normal fruit consumption as part of a mixed diet is
unlikely harm dental health.

There is good evidence for an association between
consumption of acidic drinks and dental erosion. Oral
health promotion should encourage drinks that are safe
for teeth, including milk and water and encourage a
reduction in frequency and amount of soft drink con-
sumption.

Tooth loss impedes the ability to consume a healthy
diet adequate in fruits, vegetables and fiber. Prosthetic
rehabilitation alone may not provide sufficient drive to
change diet and such patients would potentially benefit
from dietary advice.

Dietary Advice in Dental Practice

The dental health professional needs to understand the
nutrition goals that are set for populations but also
needs to be able to translate them into terms of foods
consumed to relate them to dietary advice at the level of
the individual patient in the dental practice. Based on
the scientific evidence summarized above, the following
are recommendations for dietary advice dental practice
setting.

It is generally recommended that sugars-rich foods
should be limited to mealtimes and avoided in-between
meals. Intakes of sugary foods should be limited to a
maximum of four times a day. Providing sugars-free alter-
natives to sugars-rich products is a practical way to
reducing free-sugars intake. Table 8 lists the non-sugars
sweeteners permitted for food use.

It is important that free sugars are avoided near bed-
time because during sleep salivary flow is curtailed ma-
king the teeth vulnerable to decay. Consuming free su-
gars close to bedtime leaves insufficient time for the oral
pH to rise before the salivary flow is reduced. As a result,
the teeth are exposed to acids for an extended period of
time.

To minimize the risk of dental erosion the consump-
tion of acidic drinks (still, carbonated, sugared and su-
gar-free) should be limiting to mealtimes only. Some
manufacturers are now developing and marketing
non-erosive soft drinks (Hughes et al, 1999); these may
be effective if used to substitute standard varieties of
soft drinks.



Moynihan

400 Oral Health & Preventive Dentistry

It is important that oral health promotion must not be
considered in isolation to general health. The dietary
guidelines for the prevention of chronic diseases encou-
rage increased consumption of fruits, vegetables and
starchy staple foods and reduced consumption of fats (in
particular saturated fats), free sugars and salt. Effective
implementation of these dietary guidelines would be like-
ly to result in a reduction in dental caries and dental ero-
sion and offer protection against oral infections and oral
cancer.

To safeguard dental health, foods that are beneficial
for the teeth should also be encouraged; these include
milk, hard cheese (especially lower fat varieties) and
fibrous foods. Chewing sugars-free chewing gum after
sugary snacks could also be useful as it is a good
mechanical and gustatory stimulus to salivary flow.
Some suggestions for snacks and drinks that are safer
for teeth are presented in Table 10 (Moynihan, 2002).

It is essential that good dietary practices for dental
health are instilled early in childhood. It is recommended
that infants be weaned onto a cup as soon as possible
– from the age of 6 months and no later than their first
birthday. Free sugars should not be added to bottle
feeds and sugary foods should only be given at meal-
times.

For older patients presenting for dental prosthesis,
dietary advice to increase the consumption of fruits, ve-
getables and starchy staple foods high in NSP is recom-
mended. Practical advice on ways to include these foods
in the diet should consider the potential compromised
chewing ability of the patient.

Recommendations for Areas to Include in the Training
of Dental Hygienists

Dental hygienists should be equipped with the necessary
knowledge and communication skills to enable them to
provide advice on healthier eating for dental and general
health to individuals or groups of people from a range of
age groups, in the dental practice or community setting.
Based on the scientific evidence, the knowledge base to
achieve this should include the following subject areas:

• Knowledge of the main classes of nutrients, their
sources, functions and health effects

• Knowledge of the current national guidelines for diet
and health

• Knowledge of the effects of nutrients of the develop-
ment of the teeth and the supporting tissues

• An understanding of the evidence relating diet to
dental caries

• An understanding of the evidence relating diet to
dental erosion

• An understanding of the effects of tooth loss on diet
and health

• A knowledge of the main dietary goals for dental
health.

In addition to the knowledge base, dental hygienists
need to learn good communication skills so that they are
able to support patients to instigate dietary change as
opposed to simply providing information. To achieve this,
the hygienist should be able to assess the patient’s cur-
rent dietary practices, make positive suggestions for food
choices, be able to assist in patient-centered goal setting
and be able to monitor the effectiveness of dietary advice
provided. In order to assess patients’ diets and make re-
commendations for change, dental hygienists will require
some basic skills in dietary assessment.
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