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Introduction

Good nutrition is essential for good health and the 
development and integrity of the oral cavity. Oral health 
is integral to general health and essential to well-being.1 
A nutritious diet that protects against other major health 
conditions, such as obesity, may also reduce dental 
caries. Oral health and noncommunicable diseases share 
risk factors, such as diet, tobacco and alcohol, and have 
high co-morbidity (cancer and diabetes). The World 
Health Organization (WHO) recommends that member 
states focus their policies on the determinants of health, 
of which diet is a main influential factor. Therefore, policies 
that aim to promote health should include the provision 
of safe, adequate and affordable food for the whole 
population.2 

The prevalence of dental caries is high, but has received 
insufficient attention because it is not a life-threatening 
condition. The most recent National Children’s Oral 
Health Survey (1999-2002) showed that dental caries 
was more severe in primary than permanent dentition. 
The Western Cape province had the highest prevalence 
of dental caries in all age groups. Based on weighted 
national means, the Unmet Treatment Needs index was 
92% for children aged 4-5 years. The report concluded 
that “the prevention of early childhood caries should be 
an important priority for provinces”, and that “every effort 
should be made to encourage and promote positive oral 
health habits”.3

Dental caries is the most common oral disease in children 
under five years of age, and although preventable, 
still affects many children, particularly those from 
disadvantaged socio-economic backgrounds.4 The 
presence of dental caries greatly impacts on the quality 
of life of a child and his or her family because of pain and 
discomfort, the disruption of eating patterns, sleepless 
nights and an increase in the risk of chronic infection.5 
In addition, high consumption levels of sugary food and 
drinks have been implicated as an important dietary 
cause of obesity, diabetes, coronary heart disease and 
dental caries. The global obesity epidemic has attracted 
policy-makers’ attention to the relationship between diets 
that are rich in added sugars (particularly glucose, sucrose 
and high-fructose corn syrup) and obesity, diabetes, 
metabolic syndrome and cardiovascular disease risk 
factors.6 

The nutrition transition 

Global economic growth has given rise to what has been 
termed the “nutrition transition”.7 As incomes have risen 
and populations became more urban, there has been 
a shift in diet from complex carbohydrates, fibre, whole 
grains, vegetables and fruit to a Western diet that has 
a high proportion of fat, salt and added sugar.7,8 The 
progression through the nutrition transition in many low-
income countries where Western diets have been adopted 
has resulted in increasing rates of caries levels, weight 
gain, obesity and related diseases. The cost of food poses 
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a significant barrier to many consumers trying to balance 
good nutrition with affordability, and consequently diets 
consist mainly of cheap, highly processed food and drink 
(soft drinks and fruit juice), sugar, sweets and ready-to-eat 
cereals. Over the past 50 years, sugar consumption has 
tripled worldwide.9 It is important to distinguish between 
sugar that is naturally present in vegetables, fruit, grains 
and milk for oral health and general health purposes 
(as evidence shows that these foods are not associated 
with dental caries), and sugar that is added.10 Published 
research has examined the association between key 
risk factors and the development of dental caries cross-
sectionally and longitudinally.11 However, little is known 
of the vertical interaction in the paradigm between 
molecular impact and psychosocial impact in developing 
countries, and particularly within and between ethnically 
diverse or disadvantaged, impoverished populations.

Sugar, sugar-sweetened beverages, health and 
oral health in children

Literature from a growing body of epidemiological 
evidence, including human observational and intervention 
studies, animal experiments and experimental laboratory 
studies, has shown that sugar is the principal cause of 
dental caries,10,12-14 and is a threat to oral health from 
infancy into old age.13 There is no good evidence, with 
the exception of lactose, that the cariogenicity of the 
different sugars, such as sucrose, glucose and fructose, 
varies.15 Population studies have shown that there is a low 
risk of developing dental caries from consuming starch-rich 
staple food, without the addition of sugar. Starchy staple 
food is of little importance in the development of caries. 
Cooked staple starchy food, such as rice, potatoes and 
bread, is of low cariogenicity in humans. The cariogenicity 
of uncooked starch is very low.10,16 In general, people who 
consume high-starch, low-sugar diets experience caries 
less often than those who consume low-starch, high-sugar 
diets.10

In addition to the harmful effects on the teeth, experi-
mental, epidemiological and intervention studies have 
shown that sugar consumption and, in particular, fructose, 
induces all the diseases associated with metabolic 
syndrome,17 such as obesity, hypertension, high triglyceride 
levels, insulin resistance and diabetes from increased liver 
glucose production.12,18-20 Lustig, Schmidt and Brindis21 
consider that fructose exerts a toxic effect on the liver, 
similar to that of alcohol. The harmful effect of added 
sugars, such as high-fructose corn syrup and sucrose, has 
led to requests to regulate and tax products with high 
levels of those sugars. The effect of an excess intake of 
sugar on nutrient adequacy is of concern. Soft drinks, 
sugar and sweets are more likely to have a negative 
impact on diet quality. Johnson et al showed a direct 
relationship between an energy-dense, low-fibre, high-fat 
dietary pattern and increased obesity in childhood in a 
prospective study.22 

Experimental, epidemiological and intervention studies 
have suggested that sucrose and other free sugars 
contribute to the development of chronic diseases, 
including the global epidemic of weight gain and 
obesity.12,18,19,22 (The term “free sugars” includes sugar 
added by manufacturers, cooks or consumers, as well 
as sugar that is present in fruit juices, honey and syrups.) 
Consensus international and national guidelines already 
exist on the need to reduce sugar consumption.12 
Governments should develop strategies to implement 
the recommendations of the report of the joint WHO/
Food and Agricultural Organization of the United Nations 
expert consultation on diet and the prevention of chronic 
diseases. They should also support food-based dietary 
guidelines (FBDGs).10 

Sugar-sweetened beverages contain added caloric 
sweeteners, such as sucrose, high-fructose corn syrup 
or fruit juice concentrates. They include soft drinks, 
carbonated soft drinks, fruit juices, sports drinks, energy 
and vitamin drinks, sweetened iced tea, cordials, squashes 
and lemonade,23 and contribute from 35% to more than 
50% to the total intake of added sugar in some children’s 
diets.24 Dental erosion is the chemical dissolution of dental 
hard tissue by extrinsic and intrinsic acid without bacterial 
involvement,25 and if not controlled, can result in severe 
tooth surface loss, tooth sensitivity and poor aesthetics.26 
Dental erosion is commonly associated with the frequent 
intake of sugar-sweetened beverages,27 which weakens 
the integrity of the tooth and increases caries risk. The 
prevalence of dental erosion is associated with dietary 

factors.28-30 Malik et al found that the use of vitamin C 
supplements, frequency of the use of fizzy drinks and 
the consumption of fruit syrup from a feeding bottle at 
bedtime or during naps by babies significantly increased 
the prevalence of erosion. They reported that in a survey of 
3.5- to 4.5-year-old children who drank carbonated drinks 
on most days of the week, 22% had erosion, compared to 
only 8% of children who consumed this type of drink less 
often.30 

A higher intake of soft drinks has been associated with a 
lower intake of milk, calcium and other nutrients, greater 
energy intake and body weight, and less desirable health 
indices.29-32 Ludwig et al33 showed that for each additional 
serving of sugar-sweetened drink that was consumed, 
body mass index and frequency of obesity increased. 
Evidence from systematic reviews and a meta-analysis of 
prospective studies has found a clear association between 
the consumption of sugar-sweetened beverages and 
the increased risk of developing type 2 diabetes34 and 
cardiovascular disease.23,34 High regular consumption of 
sugar-sweetened beverages by young children is a risk 
indicator for dental caries in the primary dentition.35-37 
Overweight children appear to consume more sweet 
drinks than normal-weight children.38
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In summary, there is evidence to show that high levels of 
sugar consumption lead to an increase in a number of 
chronic diseases, including dental caries. International 
recommendations suggest that sugar should provide 
less than 10% of total energy intake, or less than 60 g per 
person per day. This should be approximately 30 g/day in 
young children.10 The frequency of sugar-containing food 
and drinks should be limited to a maximum of four per 
day. When sugar is consumed more than four times a day, 
caries levels increase. Parents and caregivers needed to 
be alert to the presence of “hidden sugar”, which is found 
in many processed and manufactured food and drink.10  

Sugar in baby foods and paediatric medicine

Sugar should not be added to food or drink that is given to 
babies, as this can lead to tooth decay when the first teeth 
come through. Governments should set stringent codes of 
practice on the sugar content of commercial baby food. 
Paediatric medicine and medicine that is sold over the 
counter should not contain sugar. Health professionals 
should always check if a medicine contains sugar and 
prescribe or offer sugar-free alternatives, wherever 
possible. In addition, government control on advertising, 
including on the Internet, of sugar-rich items directed at 
children, needs to be implemented. Food manufacturers 
could produce low-sugar or sugar-free alternatives to 
products that are rich in free sugars, including baby 
drinks.10,12,13  

The role of fluoride in caries prevention

The role of fluoride in protecting teeth against dental caries 
is well established,39 and optimal exposure to fluoride 
remains the cornerstone of caries prevention. Exposure 
to fluoride alters the sugar-caries relationship. When 
there is good exposure to fluoride, sugar consumption is 
a moderate risk factor for caries. With widespread use 
of fluoride, sugar 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.10 At a biological level, 
fluoride promotes the remineralisation and inhibits the 
demineralisation of the tooth structure. The sustained 
presence of low concentrations of ionic fluoride in the 
oral environment enhances remineralistaion and has a 
bacteriostatic effect.39,40 The twice-daily use of a pea-
sized amount of fluoridated toothpaste is an important 
preventive practice to reduce dental caries and, if 
available, fluoride varnishes are also useful.41 Improving 
access to affordable fluoride toothpaste is an essential 
component of a caries-prevention programme. Many 
countries are undergoing nutritional transitions and may 
not have adequate exposure to fluoride. There is a call 
for the promotion of fluoride via appropriate vehicles, 
like affordable toothpaste, water, salt and milk.42 Water 
fluoridation, when feasible and culturally acceptable, 
could be considered as a public health option, particularly 
in populations with high levels of caries.42 

Early childhood caries 

Early childhood caries is a complex, multifactorial, but 
preventable dental disease in infants and preschool 
children. It is a public health concern because of wide-
spread and increasing prevalence, inequitable distribution 
in preschool children and its negative consequences on 
children, their families and public health programmes.43 
Early caries affects a disproportionate number of children 
from low socio-economic groups and ethnic minorities. 
Epidemiological data have shown consistent patterns of 
inequalities in early childhood caries that is determined 
by socio-economic status.44 Milnes45 reported that, while 
the prevalence rate of early childhood caries varied from 
1-12% in developed countries, in developing countries and 
within disadvantaged populations of developed countries 
(immigrants and ethnic minorities), the prevalence rate 
was as high as 70%. Many barriers to obtaining dental care 
exist for young children in many parts of the world, but there 
appears to be a clear stepwise social gradient, replicating 
the pattern found in other childhood conditions.46,47 In 
addition, different cultural beliefs about health, diet, 
disease, hygiene and the importance of primary teeth 
may create additional oral health risk factors through 
dietary and feeding practices and child-rearing habits.48

As described by Fass,49 the presentation of a child 
suffering from rampant caries is a shocking experience. 
He published the first comprehensive description of caries 
in infants, which he termed “nursing bottle mouth”. The 
clinical appearance of early childhood caries includes 
the presence of one or more decayed (noncavitated or 
cavitated lesions), missing (due to caries) or filled teeth 
in any primary tooth in a child 71 months or younger.50 
Noncavitated lesions appear as smooth, dull, white 
or brown spots on the primary maxillary (upper) teeth. 
Cavitated lesions appear as brownish, rough breaks, 
normally on the smooth enamel surfaces. This is indicative 
of severe early childhood caries in a child who is younger 
than three years of age.51

Diet and nutrition have a direct influence on the progression 
of tooth decay. It is widely recognised that dental 
caries is a preventable infectious disease that is strongly 
modified by diet. The caries process is influenced by the 
susceptibility of the tooth, the bacterial profile, the quantity 
and quality of saliva and the presence of fluoride, which 
promotes remineralisation and inhibits demineralistaion of 
the tooth enamel. Prevention, intervention and reversal 
of dental caries can be enhanced by either reducing 
the pathological factors or enhancing the protective 
factors.40 However, in young children, bacterial flora and 
host defence systems are still being developed, and 
carers need to negotiate the dietary transition through 
breast and bottle feeding, first solids and children’s 
food preferences. It has been reported that there may 
be unique risk factors for dental caries in infants and 
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young children.52 Early childhood caries is preventable 
and, with proper oral hygiene and regular exposure to 
fluoride, the risk of caries can be reduced.53 Contributing 
factors that predispose children to early childhood caries 
include prolonged and night-time bottle feeding of milk 
and sweetened juice by infants and toddlers, nocturnal 
breastfeeding after 12 months of age, linear hypoplasia 
of the primary teeth associated with malnutrition, and the 
prolonged use of a pacifier covered with honey, sugar or 
other sweetened foods.54,55 The risk of developing early 
childhood caries increases in a very young child whose 
older siblings have a history of dental caries.51

The implications of early childhood caries

Early childhood caries is characterised by a high prev-
alence,46 high impact44 and high resource requirements.44 
If left untreated, it results in pain, bacteraemia, reduced 
growth and development, speech disorders and 
premature tooth loss, with its sequelae of compromised 
chewing, loss of self-esteem and harm to the permanent 
dentition.56 Its seriousness and societal costs continue to 
be a significant public health issue, especially in racial or 
ethnic minorities.55 There is considerable evidence that 
children who experience early childhood caries continue 
to be at high risk of new lesions as they grow older, both to 
the primary and permanent dentitions.57 Treatment of early 
childhood caries is expensive and time consuming, often 
requiring extensive restorative treatment and extraction of 
teeth at an early age.58

Early childhood caries has also been implicated in 
contributing to other health problems. Children with early 
childhood caries were shown to weigh less than 80% of 
their ideal weight, and to be in the lowest tenth percentile 
for weight.59 The mean age of “low-weight” patients with 
early childhood caries was significantly greater than that 
of patients at, or above, their ideal weight, indicating 
that the progression of early childhood caries may affect 
growth adversely. In addition, the quality of life of the child 
suffers. Pain or infections associated with early childhood 
caries may make it difficult for the child to eat. Alternatively, 
poor nutritional practices may be responsible for reduced 
weight and caries. Severe dental caries affects nutrition, 
growth and weight gain.60,61 Intervention studies have 
shown that children with severe caries weighed less 
than their matched controls, and that after treatment of 
decayed teeth, there was more rapid weight gain.62,63 The 
association between dental caries and growth is thought 
to be because dental pain restricts dietary intake. The 
chronic inflammation caused by caries is also known to 
suppress growth through a metabolic pathway, and to 
reduce haemoglobin as a result of depressed erythrocyte 
production.64  

Breastfeeding and early childhood caries

The evidence that suggests that prolonged and nocturnal 
breastfeeding is associated with an increased risk of 
early childhood caries is limited and inconsistent, and is 
based primarily on cross-sectional studies that rely on 
the retrospective recall of infant feeding practices.65-68 

Furthermore, these studies and subsequent longitudinal 
studies have failed to adequately measure and control for 
confounding variables in their study design, such as dental 
hygiene practices, fluoride usage and dietary factors, 
including the intake of sugar-based food or beverages, 
and noncariogenic food, such as milk and dairy 
products. Scientific evidence of the beneficial effects 
of breastfeeding on general health is well accepted. 
Epidemiological studies have also shown minimal adverse 
effects from breastfeeding on caries development.14, 69,70  

The prevention of early childhood caries

Any heathcare worker who cares for children under 
five years of age is in an ideal position to assist in the 
prevention of early childhood caries. The education 
of mothers or caregivers in the prenatal period, prior to 
the first tooth eruption and following eruption of the first 
tooth, is critical. The goal of the educational initiative is to 
increase the knowledge of the mother of causes and risk 
factors associated with early childhood caries, encourage 
breastfeeding, promote good oral hygiene and improve 
the dietary habits of mothers through positive role 
modelling. It is assumed that an increase in the knowledge 
of mothers or caregivers will influence their self-care habits 
and dietary practices and, in turn, improve the dietary and 
oral hygiene habits of infants, leading to the prevention of 
early childhood caries.56 

The primary emphasis of diet counselling should be on 
sugar intake frequency. The combination of infant feeding 
practices and repeated consumption of fermentable 
carbohydrates, such as sweetened beverages or highly 
processed starchy or sugary foods, increases caries risk.70 
Bottle-fed infants should not be put to sleep with the bottle. 
Weaning from the bottle should be encouraged at 12-14 
months of age.70 Established dietary recommendations 
emphasise that the selection of a variety of foods, a low 
intake of fat, saturated fat and cholesterol, and moderate 
use of salt and sodium reduce the risk of chronic disease..4 
However, dental diseases, especially caries, are rarely 
addressed. Dietary advice that is given for general 
development and well-being needs to be integrated with 
oral health counselling.71 

Nutrition education and counselling for the purposes of 
reducing caries in young children aims to teach parents 
the importance of reducing high-frequency exposure to 
obvious and hidden sugar. 
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Guidelines include: 

• Avoiding the frequent consumption of juice or other 
sugar-containing drinks.

• Discouraging the child from sleeping with a bottle.

• Promoting noncariogenic foods as snacks.

• Fostering eating patterns that are consistent with 
healthy eating guidelines.

• Limiting cariogenic food to mealtimes.

• Rapidly clearing cariogenic food from the child’s oral 
cavity, either by brushing his or her teeth, or ensuring 
the consumption of protective foods, e.g. cheese and 
nuts.

• Restricting sugar-containing snacks that are slowly 
eaten, e.g. sweets, lollipops and suckers. 

A reduction in sugar, in line with the WHO recommen-
dations, promotes good oral health and also has a 
significant impact on reducing levels of overweight and 
obesity in children.14

Together with nutritional factors, a comprehensive 
approach and a paradigm shift in preventive approaches 
is urgently needed3 to prevent dental caries in preschool 
children. Changing eating and drinking patterns requires 
a coordinated strategic approach, which addresses 
underlying influences on food consumption and creates 
a more supportive environment promoting healthier 
nutrition. Food policies and health promotion initiatives 
need to adopt a range of complementary intervention 
strategies. A coalition of partners working together is 
required to achieve a common goal.71 In addition, efforts 
should focus on ensuring that there is a wide range of 
processed baby food and medicine for children that is 
sugar-free. Policy makers need to make healthy choices 
the easier choices. 

Appropriate advice which targets mother from 
disadvantaged backgrounds on infant feeding, dietary 
practices and oral hygiene measures should be a major 
focus. Furthermore, health professionals require nutrition 
training so that they are able to offer evidence-based 
nutritional preventive support in primary healthcare and 
other community settings, particularly at strategic times in 
the life course, such as during pregnancy. Infant feeding 
policies which promote exclusive breastfeeding and 
appropriate complementary food choices are critically 
important.3 The South African paediatric FBDGs include 
specific advice pertaining to oral health. The following 
FBDGs have been proposed: “Avoid giving tea, coffee and 
sugary drinks and high-sugar, high-fat and salty snacks” to 
children aged 6-36 months; and “Use sugar and food and 
drinks high in sugar sparingly”71 in children aged 3-5 years. 
The paediatric FBDGs still need to be field tested to ensure 
accurate communication of the oral health message.

Conclusion 

This paper has reviewed the literature and summarised 
the evidence that shows that diet and nutrition are 
associated with oral diseases such as dental caries, early 
childhood caries and dental erosion in children under five 
years of age. Evidence-based strategies to prevent and 
improve oral health and nutrition need to be integrated 
into policies, programmes and practices that reduce the 
overall caries burden. In addition, partnerships between 
local, national and international governmental structures 
and the private sector need to be forged at all levels. 
A paradigm shift in health promotion and preventive 
initiatives is needed to promote oral health in children 
under five years of age, and to alleviate the barriers 
(physical, cultural, racial, ethnic, social, educational, 
environmental and those pertaining to health care) that 
prevent optimal oral health from being achieved.

References

1. Petersen PE. The World Oral Health Report, 2003. Continuous 
improvement of oral health in the 21st century: the approach of the 
World Health Organization Oral Programme. Geneva: WHO; 2003.

2.  World Health Organization. Global action plan for the prevention and 
control of non-communicable diseases, 2013-2020. Geneva: WHO; 
2013.

3.  Van Wyk PJ, Louw AJ, du Plessis JB. Caries status and treatment needs 
in South Africa: report of the 1999-2002 National Children’s Oral Health 
Survey. SADJ. 2004;59(6):239-242.

4.  Petersen PE, Bourgeois D, Ogawa H, et al. The global burden of 
oral diseases and risks to oral health. Bull World Health Organ. 
2005;83(9):661-669.

5.  Low W, Tan S, Schwartz S. The effect of severe caries on the quality of 
life in young children. Pediatr Dent. 1999;21(6):325-326.

6.  Wijnhoven TM, van Raaij JM, Spinelli A, et al. WHO European Childhood 
Obesity Surveillance Initiative 2008: weight, height and body mass 
index in 6-9-year-old children. Pediatr Obes. 2013;8(2):79-97. 

7.  Drewnowski A. Nutrition transition and global dietary trends. Nutrition. 
2000;16(7-8):486-487.

8.  Drewnowski A, Popkin BM. The nutrition transition: new trends in the 
global diet. Nutr Rev. 1997;55(2):31-43. 

9.  Drewnowski A, Eichelsdoerfer P. Can low-income Americans afford a 
healthy diet? Nutr Today. 2010;44(6):246-249.

10.  Putnam JJ, Allshouse JE. Food consumption, prices, and expenditures, 
1970-1997. Washington, DC: Food and Consumers Economics Division, 
Economic Research Service, US Department of Agriculture; 1999.

11.  Moynihan P, Petersen PE. Diet, nutrition and the prevention of dental 
diseases. Public Health Nutr. 2004;7(1A):201-226.

12.  Hausen H. Caries prediction: state of the art. Community Dent Oral 
Epidemiol. 1998;25(1):87-96.

13.  World Health Organization/Food and Agricultural Organization of the 
United Nations. Diet, nutrition and the prevention of chronic diseases. 
Geneva: WHO; 2003.

14.  Moynihan P. The role of diet and nutrition in the aetiology and prevention 
of oral diseases. Bull World Health Organ. 2005;83(9):694-699.

15.  Sheiham A. Dietary effects on dental diseases. Public Health Nutr. 
2001;4(2B):569-591.

16.  Touger-Decker R, van Loveren C. Sugars and dental caries. Am J Clin 
Nutr. 2003;78(4):881S-892S. 

17.  Rugg-Gunn AJ, Nunn JH. Nutrition, diet and oral health. Oxford: Oxford 
University Press; 1999.

18.  Lustig RH. Fructose: metabolic, hedonic, and societal parallels with 
ethanol. J Am Diet Assoc. 2010;110(9):1307-1321.

19.  Malik VS, Willet WC, Hu FB. Sugar-sweetended beverages and BMI in 
children and adolescents: reanalysis of a meta-analysis. Am J Clin Nutr. 
2009;89(1):438-439.

20.  Vartanian LR, Schwartz MB, Brownell KD. Effects of soft drink 



Paediatric Food-Based Dietary Guidelines for South Africa: Oral health and nutrition for children under five years of age

S155 2013;26(3)(Supplement)S Afr J Clin Nutr

consumption on nutrition and health: a systematic review and meta-
analysis. Am J Public Health. 2007;97(4):667-765.

21.  Lustig RH, Schmidt LA, Brindis CD. Public health: the toxic truth about 
sugar. Nature. 2012;482(7383):27-29. 

22.  Johnson L, Mander AP, Jones LR, et al. Energy-dense, low-fiber, high-fat 
dietary pattern is associated with increased fatness in childhood. Am J 
Clin Nutr. 2008;87(4):846-854.

23.  Mann J. Sugar revisited: again. Bull World Health Organ. 2003;81(8):552.

24.  Hu FB, Malik VS. Sugar-sweetened beverages and risk of obesity 
and type 2 diabetes: epidemiologic evidence. Physiol Behav. 
2010;100(1):47-54. 

25.  Institute of Medicine. School meals: building blocks for healthy children. 
National Academy of Science; 2009.

26.  Linnett V, Seow WK. Dental erosion in children: a literature review. 
Pediatr Dent. 2001;23(1):37-43.

27.  Lussi A, Schaffner M, Jaeggi T. Dental erosion: diagnosis and prevention 
in children and adults. Int Dent J. 2007;57(6):385-398.

28.  Zero DT. Etiology of dental erosion: extrinsic factors. Eur J Oral Sci. 
1996;104(2 Pt 2):162-177.

29.  Luo Y, Zeng XJ, Du MQ, Bedi R. The prevalence of dental erosion in 
preschool children. J Dent. 2005;33(2):115-121.

30.  Malik MI, Holt RD, Bedi R. The relationship between erosion, caries 
and rampant caries and dietary habits in preschool children in Saudi 
Arabia. Int J Paediat Dent. 2001;11(6):430-439.

31.  Millward A, Shaw L, Smith A. Dental erosion in four year old children 
from differing socio-economic backgrounds. ASDC J Dent 
Child.1994;61(4):263-266.

32.  Malik VS, Schulze MB, Hu FB. Intake of sugar-sweetened beverages and 
weight gain: a systematic review. Am J Clin Nutr. 2006;84(2):274-288.

33.  Ludwig DS, Peterson KE, Gortmaker SL. Relation between consumption 
of sugar-sweetened drinks and childhood obesity: a prospective, 
observational analysis. Lancet. 200;357(9255):505-508.

34.  Malik VS, Popkin BM, Bray GA, et al. Sugar-sweetened beverages and 
risk of metabolic syndrome and type 2 diabetes: a meta-analysis. 
Diabetes Care. 2010;33(11):2477-2483.

35.  Sohn W, Burt BA, Sowers MR. Carbonated soft drinks and dental caries 
in the primary dentition. J Dent Res. 2006;85(3):262-266.

36.  Burt BA, Kolker JL, Sandretto AM, et al. Dietary patterns related to caries 
in a low-income adult population. Caries Res. 2006;40(6):473-480.

37.  Marshall TA, Levy SM, Broffitt B, et al. Dental caries and beverage 
consumption in young children. Pediatrics. 2003;112(3 Pt 1):e184-e191.

38.  Hooley M, Skouteris H, Boganin C, et al. Body mass index and dental 
caries in children and adolescents: a systematic review of literature 
published 2004 to 2011. Syst Rev. 2012;1:57.

39.  Warren JJ, Levy SM. Current and future role of fluoride in nutrition. Dent 
Clin North Am. 2003;47(2):225-244.

40.  Featherstone JDB. The continuum of dental caries: evidence for a 
dynamic disease process. J Dent Res. 2004;83 Spec No C:C39-C42.

41.  Weintraub JA, Ramos-Gomez F, Jue S, et al. Fluoride varnish efficacy in 
preventing early childhood caries. J Dent Res. 2006;85(2):172-176.

42.  Petersen PE, Lennon MA. Effective use of fluorides for the prevention of 
dental caries in the 21st century: the WHO approach. Community Dent 
Oral Epidemiol. 2004;32(5):319-332.

43.  Mofidi M, Zeldin LP, Rozier RG. Oral health of early head start children: 
a qualitative study of staff, parents, and pregnant women. Am J Public 
Health. 2009;99(2):245-251.

44.  Pieper K, Dressler S, Heinzel-Gutenbrunner M, et al. The influence of 
social status on pre-school children’s eating habits, caries experience 
and caries prevention behavior. Int J Public Health. 2012;57(1):207-215.

45.  Milnes A.R. Description and epidemiology of nursing caries. J Public 
Health Dent. 1996;56(1):38-50.

46.  Department of Health and Human Services. Trends in oral health status: 
United States, 1998-1994 and 1999-2004. Washington, DC: Centres for 
Disease Control and Prevention; 2007.

47.  Victora CG, Wagstaff A, Schellenberg JA, et al. Applying the equity 
lens to child health and mortality: more of the same is not enough. 
Lancet. 2003;362(9379):233-241.

48.  Hilton IV, Stephen S, Barker JC, Weintraub JA. Cultural factors and 
children’s oral health care: a qualitative study of carers of young 
children. Comm Dent Oral Epidemiol. 2007;35(6):429-438.

49.  Fass EN. Is bottle feeding of milk a factor in dental caries? J Dent Child. 
1962;29(7):245-251.

50.  American Academy of Paeditaric Dentistry. Definition of early 

childhood caries. Chicago: American Academy of Paedritaric 

Dentistry, Council of Clinical Affairs; 2005. 

51.  Seow WK. Biological mechanisms of early childhood caries. Community 

Dent Oral Epidemiol. 1998;26(1 Suppl):8-27.

52.  Harris R, Nicoll A, Adair P, Pine C. Risk factors for dental caries in young 

children: a systematic review of the literature. Community Dent Health. 

2004;21(1 Suppl):71-85.

53.  Van Palenstein Helderman WH, Soe W, van’t Hof MA. Risk factors of 

early childhood caries in a Southeast Asian population. J Dent Res. 

2006;85(1):85-88.

54.  Tinanoff N, Palmer CA. Dietary determinants of dental caries and 

dietary recommendations for preschool children. J Public Health Dent. 

2003;60(3):197-206.

55.  Kagihara LE, Niederhauser VP, Stark M. Assessment, management 

and prevention of early childhood caries. J Am Acad Nurse Pract. 

2009;21(1):1-10.

56.  Kaste LM, Marianos D, Chang R, Phipps KR. The assessment of nursing 

caries and its relationship to high caries in the permanent dentition. J 

Public Health Dent. 1992;52(2):64-68.

57.  Tinanoff N, Reisine S. Update on early childhood caries since the 

Surgeon General’s Report. Acad Pediatr. 2009;9(6):396-403. 

58.  Acs G, Shulman R, Ng MW, Chussid S. The effect of dental rehabilitation 

on the body weight of children with early childhood caries. Pediatr 

Dent. 1999;21(2):109-113.

59.  Mishu MP, Hobdell M, Khan MH, et al. Relationship between untreated 

dental caries and weight and height of 6- to 12-year-old primary 

school children in Bangladesh. Int Dent J. 2013;2013:629-675.

60.  Sheiham A. Dental caries affects body weight, growth and quality of 

life in pre-school children. Br Dent J. 2006;210(10):625-626.

61.  Duijster D, Sheiham A, Hobdell MH, et al. Associations between oral 

health-related impacts and rate of weight gain after extraction of 

pulpally involved teeth in underweight preschool Filipino children. BMC 

Public Health. 2013;13:533.

62.  Acs G, Lodolini G, Kaminsky S, Cisneros GJ. Effect of nursing caries on 

body weight in a pediatric population. Pediatr Dent. 1992;14(5):302-305.

63.  Schroth RJ, Levi J, Kliewer E, et al. Association between iron status, 

iron deficiency anaemia, and severe early childhood caries: a case-

control study. BMC Pediatr. 2013;13:22

64.  Thitasomakul S, Piwat S, Thearmontree A, et al. Risks for early 

childhood caries analyzed by negative binomial models. J Dent Res. 

2009;88(2):137-141.

65.  Mohebbi SZ, Virtanen JI, Vahid-Golpayegani M, Vehkalahti MM. 

Feeding habits as determinants of early childhood caries in a 

population where prolonged breastfeeding is the norm. Community 

Dent Oral Epidemiol. 2008;36(4):363-369.

66.  Iida H, Auinger P, Billings RJ, Weitzman M. Association between 

infant breastfeeding and early childhood caries in the United States. 

Pediatrics. 2007;120(4):e944-e952.

67.  Schluter PJ, Durward C, Cartwright S, Paterson J. Maternal self-report 

of oral health in 4-year-old Pacific children from South Auckland, New 

Zealand: findings from the Pacific Islands Families Study. J Pub Health 

Dent. 2007;67(2):69-77.

68.  Valaitis R, Hesch R, Passarelli C, et al. A systematic review of the 

relationship between breastfeeding and early childhood caries. Can J 

Public Health. 2000;91(6):411-417.

69.  Nainar SM, Mohummed S. Diet counseling during the infant oral health 

visit. Pediatr Dent. 2004;26(5):459-462.

70.  Nestle M. Food marketing and childhood obesity: a matter of policy. N 

Engl J Med. 2006;354(24):2527-2529.

71.  Steyn NP, Myburgh NG, Nel JH. Evidence to support a food-based 

dietary guideline on sugar consumption in South Africa. Bull World 

Health Organ. 2003;81(8):599-608. 


