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Abstract

Background: Dental caries remains the most prevalent chronic condition in children and a major contributor to
poor general health. There is ample evidence of a skewed distribution of oral health, with a small proportion of
children in the population bearing the majority of the burden of the disease. This minority group is comprised
disproportionately of socioeconomically disadvantaged children. An in-depth longitudinal study is needed to better
understand the determinants of child oral health, in order to support effective evidence-based policies and
interventions in improving child oral health. The aim of the Study of Mothers" and Infants’ Life Events Affecting Oral
Health (SMILE) project is to identify and evaluate the relative importance and timing of critical factors that shape
the oral health of young children and then to seek to evaluate those factors in their inter-relationship with
socioeconomic influences.

Methods/Design: This investigation will apply an observational prospective study design to a cohort of
socioeconomically-diverse South Australian newborns and their mothers, intensively following these dyads as the
children grow to toddler age. Mothers of newborn children will be invited to participate in the study in the early
post-partum period. At enrolment, data will be collected on parental socioeconomic status, mothers’ general and
dental health conditions, details of the pregnancy, infant feeding practice and parental health behaviours and practices.
Data on diet and feeding practices, oral health behaviours and practices, and dental visiting patterns will be collected
at 3,6, 12 and 24 months of age. When children turn 24-30 months, the children and their mothers/primary care givers
will be invited to an oral examination to record oral health status. Anthropometric assessment will also be conducted.

Discussion: This prospective cohort study will examine a wide range of determinants influencing child oral health and
related general conditions such as overweight. It will lead to the evaluation of the inter-relationship among main
influences and their relative effect on child oral health. The study findings will provide high level evidence of pathways
through which socio-environmental factors impact child oral health. It will also provide an opportunity to examine the
relationship between oral health and childhood overweight.
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Background

While dental caries is largely preventable [1] and there
are effective population-based and individual preventive
strategies such as community water fluoridation, brush-
ing with fluoridated toothpaste, and widespread access to
dental care, dental caries remains the most prevalent
chronic disease in children, exerting significant impact
on both the children affected and society in general. The
prevalence of dental caries in primary school children in
Australia [2] and in the U.S. [3,4] is four to five times
higher than that of asthma, the next most prevalent
chronic condition in this age group. Furthermore, dental
caries is the most common (yet avoidable) cause of acute
hospital admissions in children [5] due to the common
situation of children requiring multiple dental extractions
under general anaesthesia. Dental caries has a major
financial impact on the health system and psychological
impact on the children and their families [6].

A summary of the latest key findings on the state of
oral health of the Australian population estimates the
prevalence of early childhood caries (ECC) among five
year-old Australians to be 42% [7]. Despite a substantial
level of resources being directed to prevention and
dental services for children in Australia, the oral health
of Australian children has worsened [2], with inequality
in oral health widening in the last decade. The extent of
caries experience among 6-year-old Australian children
increased by 24% during the late 1990s [2]. More alarm-
ingly, there is ample evidence of a skewed distribution
of dental caries with a small proportion of children in
the population bearing the majority of the burden of the
disease [8]. The most severely affected 10% of 4-year-
old Australian children had (on average) seven teeth
with dental caries experience [2], a level that signifi-
cantly impacts on their lives [9]. This minority group is
comprised mostly of socioeconomically disadvantaged
children.

The pathways, through which socioeconomic disad-
vantage affects child oral health, remain unclear. Chil-
dren of different socioeconomic backgrounds could
have different patterns of food and fluid consumption
and different patterns of oral health practices such as
toothbrushing from a very early age. Such differences
could act as mediators of the association between socio-
economic disadvantage and child oral health. Under-
standing the mediation process is necessary to better
address the oral health inequality and improve overall
child health. It is also important to note that the evi-
dence base on measures to tackle oral health inequal-
ities is limited. These important issues require in-depth
research to understand the determinants of child oral
health and their inter-relationship to support effective
evidence-based policies and interventions to improve
child oral health, a major contributor to general health.
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Aim and objectives

The research project described in this paper has been
funded by an Australian National Health and Medical
Research Council (NHMRC) Project Grant # 1046219
(2013-2016) under the scientific title ‘Common risk factor
approach to address socioeconomic inequality in oral
health of contemporary Australian preschool children’.
The aims of the project, henceforth referred to by its
working title “Study of Mother’s and Infants Life Events
Affecting Oral Health (SMILE)” project, are to identify and
evaluate the relative importance and timing of critical fac-
tors that shape the oral health of young children and then
to seek to evaluate those factors in their inter-relationship
with socioeconomic influences. The knowledge gained in
this study will point to key factors that differentiate the
oral health of children from different socioeconomic
groups, leading to strategies for the improvement of oral
health in disadvantaged young children.

This study has four specific objectives:

1. To measure socioeconomic variations in dietary
patterns including patterns of fluid consumption,
patterns of oral health practices such as
toothbrushing and fluoride use and non-fluoride
preventive applications of children from birth to age
two years;

2. To evaluate variations in child oral health status at
age two years;

3. To evaluate the timing and extent to which health-
promoting factors attenuate the effect of disease-
predisposing factors and;

4. To evaluate the commonality of risk factors for oral
health and obesity, a highly prevalent childhood
general health condition related to infant feeding
practice.

Methods

Study design

The SMILE project will apply an observational prospect-
ive study design to follow a cohort of socioeconomically-
diverse South Australian newborns and their primary
care-givers (mothers will be used in this paper from here
on), from birth until they reach toddler age. A multivari-
able, multilevel approach will be applied to data collection
and analysis. The timeline and main groups of outcome
and explanatory variables are outlined in Table 1.

The project has received ethical approval from the
Southern Adelaide Clinical Human Research Ethics
Committee (HREC # 50.13, approval date: 28 Feb 2013),
the South Australian Women and Children Health Net-
work (HREC # HREC/13/WCHN/69, approval date: 7
Aug 2013) and clinical governance clearance from the
three participating maternity hospitals in Adelaide,
Australia.
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Table 1 Overview of variables in the study

Time

Variables

Collection mode

Birth

Age 3 months

Age 6 months

Age 12 months

Age 24-30
months

Community-level SES
Parental SES

Parental general and
dental health

Infant feeding practices
Child birth weight

Infant Feeding
Practices

General health
conditions

Primary Care Givers'
Dental Health Beliefs
and Attitudes

Infant Feeding
Practices for 3-6
months period

General health
conditions

Information on oral
health care advice

Estimated intake of
free sugars and
fluoride

Child teeth present
Oral health practices
Dental visit
Community-level SES
Parental information
PCG oral health status
Oral hygiene status

Dental caries
experience

Periodontal status

Estimated intake of
free sugars and
fluoride

Child teeth present

Oral health practices

Dental visit

Child oral health status:
Oral hygiene status

Dental caries
experience

Developmental
defects

Child and PCG
microbiological
assessment

Child anthropometric
assessment

ABS databases

Self-complete questionnaires
and face-to-face interview

Self-complete questionnaire
or telephone interview

Same as for 3 months

Self-complete short
questionnaire or

telephone interview and

24 hour recall interview and
2 day diet record

ABS databases
Same as for birth

Clinical examination

Self-complete short
questionnaire and food
frequency questionnaire

Clinical examination

Salivary plague samples

Measurements

ABS: Australian Bureau of Statistics.
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The study participant recruitment has commenced since
July 2013 and is expected to last 12 months. The 3-month
and 6-month data collection is ongoing.

Targeted population
The study setting is Adelaide and its immediate sur-
roundings. The targeted population is all children born
in Adelaide in 2013-14. Annual statistics compiled by the
Pregnancy Outcome Unit, Department of Health of South
Australia show that 20,344 children were born in 2011 in
Adelaide, with around 60% of all live births occurring in
the three largest metropolitan public hospitals providing
maternity services to the whole of Adelaide. The cohort
will be recruited from these three public hospitals.
Recruitment began in mid-2013 and will continue to
mid-2014. All new mothers at the postnatal departments
who are able to understand the description and instruc-
tions of the study are invited to participate. The mothers
who indicate their intention to move out of South
Australia within a year are excluded. Premature or low
birth weight children can be included if mothers agree
to participate.

Sample size calculation

The required baseline sample size was calculated to
address the most sensitive objective (Aim 2) of this four-
year study using standard methods [10]. Sample size was
calculated to detect a rate ratio of 0.2 between slopes
(considered a small effect size [10]) for explanatory vari-
ables in multivariable regression models for caries experi-
ence (mean dmfs) at age two years (Aim 2) with an alpha
level of 0.05 (two-tail) and statistical power of 90%. The
calculated sample size required at age two years is 1,398
children. A minimum two-year retention rate of 80% was
used in the calculation. It resulted in a targeted sample
size at birth of 1,677 children (rounded up to 1,700). This
recruitment target is highly achievable given the popula-
tion pool of 16,000 children. The expected two-year
retention rate of 80% is considered conservative based on
our experience [11]. Using this sample size, statistical
power expected to achieve other aims was calculated at
over 90% after taking into account possible interaction
among variables.

Sample recruitment

Research workers experienced in working with women
and small children such as dental therapists or dental
nurses have been employed and trained to recruit partic-
ipants for the study. An information package about the
study has been developed for the potential participants.
Small participation incentives (e.g. toothbrush and tooth
paste samples) and travel reimbursements will be pro-
vided to participants to improve recruitment and reten-
tion rates.
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The research workers visit the hospitals on a frequency
determined by the birth rate at each hospital. Contact is
made with mothers in the maternity ward, typically
within 48 hours of the birth of their infant. Mothers are
provided with a written and verbal explanation about
the study and then invited to participate in the study. All
questions are answered and informed consent obtained.
Low-SES mothers will be oversampled, as recommended
for prospective cohort studies [12]. This can be done by
increasing the sample from those hospitals who primar-
ily service this group. Distribution of participants by
area-level SES and individual SES distribution will be
checked frequently and compared with the population
parameters. Oversampling low-SES groups will offset for
expected relatively higher attrition rate by these groups.
As the study progresses, sample maintenance procedures
such as birthday cards to the child will be used. Re-
sponse rates by different SES groups at data collection
rounds will also be checked frequently. If necessary,
different strategies will be applied to SES sub-groups to
improve overall response rate.

Primary outcome variable of oral health status

After children reach age two years (age range 24—30 mo),
they and their mothers will be invited to undergo a dental
examination conducted by a small group of specially
trained dentists under standardised clinical conditions.
Standard clinical indices, developed at the Australian
Research Centre for Population Oral Health (ARCPOH)
based on the US National Institute of Dental and Craniofa-
cial Research (NIDCR) protocol [13] and the International
Caries Detection and Assessment System (ICDAS-II) [14],
will be used. The ARCPOH protocol is currently being
used in a National Child Oral Health Survey. Two principal
investigators of this cohort study are principal investiga-
tors and main examiner trainers for that survey. Non-
cavitated or cavitated carious lesions, filling, missing tooth
surfaces because of decay, non-carious developmental
defects such as hypoplasia and gingival conditions will be
recorded. Five per cent of children and mothers will be
randomly selected for a replicate examination to determine
inter- and intra-examiner reliability. Salivary plaque sam-
ples will be collected from both mothers and children.
Samples will be stored at the University of Adelaide labora-
tory for analysis of cariogenic bacteria.

Outcome variable of child weight status

At the examination children will be weighed and mea-
sured using standardised equipment and methodology
[15]. Child weight status will be assessed based on World
Health Organization age and gender specific BMI per-
centiles, where a BMI >85™ and <97 percentile is over-
weight and >97™ percentile is obese (http://www.who.
int/childgrowth/standards/en/.)
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Main explanatory variables

Mother- and child-related information will be collected
using a series of self-completed postal or online ques-
tionnaires and face-to-face interviews during the study
period. The first wave of questionnaire data collection is
at recruitment, with subsequent waves occurring at 3, 6,
12 and 24 months.

Community-level factors

Area-based Census data reported by the Australian Bur-
eau of Statistics will be obtained and linked with mothers’
residence. The Socioeconomic Index for Areas (SEIFA)
(Australian Bureau of Statistics 2011) will be used to clas-
sify participants into groups by area-level SES. Any sub-
sequent changes in residential locations will be collected.

Mother and family-related information

Mothers’ socioeconomic details such as age, income, edu-
cation and occupation will be collected using standardised
questionnaires developed at ARCPOH [16]. Household
socioeconomic indicators at recruitment with updates at
subsequent data collections form the SES characteristics.
Data on general and oral health knowledge and oral health
beliefs and practices during the prenatal period and during
the study period will be periodically collected. Mothers
will be offered an oral health examination at the time of
examination for children at age two years. During the
examinations at age two years, face-to-face interviews with
the mothers will be conducted to collect more complex
information. Maternal oral health beliefs, status, microbio-
logical assessments and self-reported oral health practices
will be used as explanatory variables in the analyses.

Child-related information

Parents will be asked to report birth and subsequent
general health issues. Data on dietary patterns, patterns
of fluid consumption, and oral health practices are to be
collected at 3, 6, 12 and 24 months. The collected infor-
mation will be used to estimate fluoride exposure and
intake. Details of receipt of oral health anticipatory guid-
ance or oral health advice from dental professionals and
general health practitioners including Child and Youth
Health nurses, will be obtained from the questionnaires
and interviews. Data on the timing, reason, nature and
consequences of dental visits will be sought.

Dietary patterns and patterns of fluid consumption

Dietary data will be collected at age 3, 6, 12 and 24 months.
Information on infant feeding patterns (including an esti-
mation of breast milk and/or infant formula intake) will be
collected using questionnaires previously used in the first
and second Perth Infant Feeding Studies [17,18] and the
Australian National Infant Feeding Study [19]. A particular
focus will be the collection of information related to the
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practice of prolonged breastfeeding and night time breast-
feeding.

Detailed information on usual food and beverage intake
and dietary behaviours will be collected at 12 months
using a telephone 24 hour recall interview conducted by a
trained nutritionist supplemented with a 2-day (one week
and one weekend day) food record completed by the
mother [20]. The food record booklet, which will include
detailed instructions and a food measurement aid (includ-
ing photos of infant feeding bowls, cups and utensils), will
be mailed along with the 12 month questionnaire. A
cover letter will advise mothers that an interviewer will
ring them within 7-10 days to collect information on what
their child is eating and explain how to complete the food
record. On return of the food record an interviewer will
contact the mothers by telephone to clarify any record
with incomplete information (such as missing estimates
of intake, or time of consumption). At 24 months dietary
information will be collected using a short food frequency
questionnaire, specifically designed and validated for the
purposes of this study. Dietary data will be analysed using
the FoodWorks® (Xyris Software) computerised dietary
assessment program.

Estimation of intake of free sugars and fluoride intake

If required, fluoride concentrations in the main foods
and beverages reported in the diet record will be assayed
in our Adelaide laboratory using methods employed
successfully in our previous studies [21,22]. Estimates of
fluoride intake will be based on the fluoride concentra-
tions in foods and beverages, and the amount consumed
[23,24]. The type, amount and frequency of intake of free
sugars will be determined from the 24 hour recall and
2 day estimated diet record at 12 months and the food
frequency at 24 months questionnaire using the method
described by Kelly and colleagues [25].

Consumption of public water will be collected in detail
using questionnaires and interviews at age 3, 6, 12 and
24 months. This information will be linked with a data-
base of fluoride levels in public water source for residen-
tial locations. The proportion of tap water in total fluid
intake and use of any fluoride-removing filter will be de-
tailed. The level of fluoride in public mains water will be
measured periodically in the laboratory. If participants
report using other sources of water, such as bottled
water or rain water or using water filter at home, water
samples will be obtained and fluoride levels measured.

Oral health practices

The questionnaires will collect information on the oral
health practices of the children at age 6, 12 and 24 months.
This will include age of commencement of tooth cleaning
without toothpaste, when fluoridated toothpaste use com-
mences, and components of toothbrushing practice such
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as frequency of brushing, toothpaste type, toothpaste
amount used per brushing, eating/licking toothpaste
habit and rinsing/spitting after brushing. Information
on professionally-applied fluoride applications (such as
fluoride varnish) will be collected, noting the frequency,
type, and age when it is used. Use of fluoride supple-
ments, age of use and dosage will also be queried.
Occurrence of dental visits and dental care received by
the children will be collected.

Information on visiting for dental reasons will be col-
lected. Places of visit, age when the visits begin, reasons
for the visit, oral health advice, preventive procedures
and treatment received will be documented.

Fluoride exposure and intake from oral health practices
Fluoride exposure and intake from oral health practices
will be estimated using the collected data. Type of tooth-
paste, amount of toothpaste per brushing, frequency of
brushing, proportion of ingested toothpaste, use of fluor-
ide supplements and other in-office fluoride applications
will be used to estimate fluoride intake [23,24]. Body
weights will be used to calculate average fluoride intake
per kg body weight from both dietary intake and oral
health practices.

General health conditions of mothers and children
Information on a number of common health conditions
of the children will be collected using questionnaires.
Use of antibiotics and sugar-containing medications will
be detailed. Information on mothers’ general health con-
dition will be collected through questionnaires. Mothers
will be asked to bring the child’s Child and Youth Health
record book (Blue book) to the oral examination. Permis-
sion will be asked to transcribe information of the child’s
development and general health during the period.

Analysis and reporting

We will evaluate Objectives 1 to 4 using SAS (SAS Insti-
tute Inc., Cary, NC, USA) and the multilevel analytical
software, MLwiN (The Centre for Multilevel Modelling,
the University of Bristol, UK). Potentially, count of dmfs
scores can be analysed using a negative-binomial link
function with adjustment (using generalized estimating
equations in SAS PROC GENMOD) to account for
within-person clustering of observations [26]. If the car-
ies outcome data result in a large excess of zero counts
(particularly at the 2-year period), we will adopt models
based on zero-inflated negative binomial (ZINB) regres-
sion. Random effect models will be generated using
SAS and MLwiN [27,28]. A number of covariates are
time-varying. Therefore, it will be appropriate to apply
marginal structural models (MSM) to obtain estimates
of causal inferences between those factors and the
outcomes [29,30].
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We will report the results of the objectives as peer-
reviewed scientific publications following the STROBE
guidelines [31] for reporting observational research. Re-
sults will be disseminated to appropriate health agencies
in Australia and internationally through publications,
conferences and workshops.

Discussion

This prospective cohort study will examine a wide range
of determinants influencing child oral health and a num-
ber of related general conditions. It will lead to the evalu-
ation of the inter-relationships among groups of main
influences and their relative effect on oral health in a
representative sample of children. The study findings will
provide high level evidence of pathways through which
socio-environmental factors impact the oral health of
young children. The study will also provide opportunity
to examine the relationship between oral health and
childhood obesity and their shared pathways. We believe
that the evidence will enable a more effective common
risk factor approach [32] to tackle these two common
childhood problems. The common risk factor approach
is capable of reducing social inequalities by focusing on
improving health conditions in general for the whole
population and for groups at high risk and of integrating
oral health into general health through a Social Determi-
nants framework [33]. From there, appropriate interven-
tions will be identified to tackle socioeconomic inequality
in child oral health and, hence, to improve the overall
oral health and general health of the child population.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

LD and AJS conceived the overall design of the study. JAS, WMT, JWS, ARG
and SML contributed to development of the study design and data
collection instruments. GD, CW and DHH contributed to the development of
data collection instruments. All authors contributed to writing and approval
of this paper.

Acknowledgement

This project is funded by an Australian National Health and Medical Research
Council (NHMRC) Project Grant # 1046219. Loc Do is supported by a NHMRC
Career Development Fellowship # 1025045.

Author details

Australian Research Centre for Population Oral Health, The University of
Adelaide, Adelaide, Australia. “Curtin University, Perth, Australia. 3University of
Otago, Dunedin, New Zealand. “University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA. SUniversity of Newcastle upon Tyne, Newcastle, UK.
5The University of lowa, lowa city, IA, USA.

Received: 19 April 2014 Accepted: 29 April 2014
Published: 6 May 2014

References

1. Fisher-Owens SA, Gansky SA, Platt LJ, Weintraub JA, Soobader MJ, Bramlett
MD, Newacheck PW: Influences on children's oral health: a conceptual
model. Pediatrics 2007, 120:e510-e520.

20.

21.

22.

23.

24,

25.

26.

Page 6 of 7

Armfield JM, Roberts-Thomson KF, Spencer AJ: The Child Dental Health
Survey, Australia 1999. Trend across the 1990s. Adelaide: Australian Research
Centre for Population Oral Health; 2003.

Beltran-Aguilar ED, Barker LK, Canto MT, Canto MT, Dye BA, Gooch BF,
Griffin SO, Hyman J, Jaramillo F, Kingman A, Nowjack-Raymer R, Selwitz RH,
Wu T: Surveillance for dental caries, dental sealants, tooth retention,
edentulism, and enamel fluorosis—United States, 1988-1994 and
1999-2002. MMWR Surveill Summ 2005, 54:1-43.

Dye BA, Tan S, Smith V, Lewis BG, Barker LK, Thornton-Evans G, Eke PI,
Beltran-Aguilar ED, Horowitz AM, Li CH: Trends in oral health status:
United States, 1988-1994 and 1999-2004. Vital Health Stat 2007, 11:1-92.
Armfield JM: The extent of water fluoridation coverage in Australia. Aust
NZ J Public Health 2006, 30:581-582.

AIHW: Profile of nutritional status of children and adolescents. In Cat. no. PHE 89.
Canberra: Australian Institute of Health and Welfare; 2007.

Chrisopoulos S, Harford J: Oral health and dental care in Australia: key
facts and figures 2012. In Cat. no. DEN 224. Canberra: AIHW; 2013.
Spencer AJ: Skewed distributions—-new outcome measures.

Community Dent Oral Epidemiol 1997, 25:52-59.

Do LG, Spencer A: Oral health-related quality of life of children by dental
caries and fluorosis experience. J Public Health Dent 2007, 67:132-139.
Cohen J: Statistical power analysis for the behavioral sciences. 2nd edition.
Hillsdale, New Jersey: Lawrence Erlbaum Associates; 1988.

Plutzer K, Spencer AJ: Efficacy of an oral health promotion intervention in
the prevention of early childhood caries. Community Dent Oral Epidemiol
2008, 36:335-346.

NRC/IM: Children’s Health, the Nation’s Wealth: Assessing and Improving Child
Health. Washington DC: National Research Council and Institute of
Medicine. The National Academies Press; 2004.

NIDCR: National Health and Nutrition Examination Survey dental examiners
procedures manual. Hyattsville, MD: US Department of Health and Human
Services CfDCaP, National Center for Health Statistics; 2002. Viewed 14
February 2007, http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/
DentalExaminers-2004.pdf.

Ismail Al, Sohn W, Tellez M, Amaya A, Sen A, Hasson H, Pitts NB: The
International Caries Detection and Assessment System (ICDAS): an
integrated system for measuring dental caries. Community Dent Oral
Epidemiol 2007, 35:170-178.

WHO: WHO Expert Committee on Physical Status: Physical status: use and
interpretation of anthropometry. Geneva: World Health Organization; 1995.
Do LG, Spencer AJ: Decline in the prevalence of dental fluorosis among
South Australian children. Community Dent Oral Epidemiol 2007, 35:282-291.
Scott J, Binns C, Oddy W, Graham K: Predictors of breastfeeding duration:
evidence from a cohort study. Pediatrics 2006, 17:e646-e655.

Scott J, Binns C, Aroni R: The influence of reported paternal attitudes on
the decision to breast-feed. J Paediatr Child Health 1997, 33:305-307.
Australian Institute of Health and Welfare: 2010 Australian National

Infant Feeding Survey: Indicator results. In Cat. no. PHE 156. Canberra:
AIHW; 2011,

Daniels LA, Magarey A, Battistutta D, Nicholson JM, Farrell A, Davidson G,
Cleghorn G: The NOURISH randomised control trial: positive feeding
practices and food preferences in early childhood - a primary prevention
program for childhood obesity. BVC Public Health 2009, 9:387.

Do LG, Spencer AJ: Reconstituting infant formula with fluoridated water
reduced deciduous caries experience. In World Congress on Preventive
Dentistry. Phuket, Thailand: IADR; 2009.

Zohouri FV, Rugg-Gunn AJ: Total fluoride intake and urinary excretion in
4-year-old Iranian children residing in low-fluoride areas. 8r J Nutr 2000,
83:15-25.

Guha-Chowdhury N, Drummond BK, Smillie AC: Total fluoride intake in
children aged 3 to 4 years-a longitudinal study. J Dent Res 1996,
75:1451-1457.

Levy SM, Warren JJ, Davis CS, Kirchner HL, Kanellis MJ, Wefel JS: Patterns of
fluoride intake from birth to 36 months. J Public Health Dent 2001,
61:70-77.

Kelly SA, Summerbell C, Rugg-Gunn AJ, Adamson A, Fletcher E, Moynihan
PJ: Comparison of methods to estimate non-milk extrinsic sugars and
their application to sugars in the diet of young adolescents. Br J Nutr
2005, 94:114-124.

Cohen ME: Analysis of ordinal dental data: evaluation of conflicting
recommendations. J Dent Res 2001, 80:309-313.


http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/DentalExaminers-2004.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/DentalExaminers-2004.pdf

Do et al. BMC Public Health 2014, 14:429
http://www.biomedcentral.com/1471-2458/14/429

27.

28.

29.

30.

32.

33.

Goldstein H, Browne W, Rasbash J: Multilevel modelling of medical data.
Stat Med 2002, 21:3291-3315.

Bingenheimer JB, Raudenbush SW: Statistical and Substantive Inferences
in Public Health: Issues in the Application of Multilevel Models.

Annu Rev Public Health 2004, 25:53-77.

Hernan MA, Robins JM: Estimating causal effects from epidemiological
data. J Epidemiol Community Health 2006, 60:578-586.

Robins JM, Hernan MA, Brumback B: Marginal structural models and
causal inference in epidemiology. Epidemiology 2000, 11:550-560.

von EIm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke
JP: The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting
observational studies. Lancet 2007, 370:1453-1457.

Sheiham A, Watt RG: The common risk factor approach: a rational basis
for promoting oral health. Community Dent Oral Epidemiol 2000,
28:399-406.

Watt RG, Sheiham A: Integrating the common risk factor approach into a
social determinants framework. Community Dent Oral Epidemiol 2012,
40:289-296.

doi:10.1186/1471-2458-14-429

Cite this article as: Do et al: Common risk factor approach to address
socioeconomic inequality in the oral health of preschool children - a
prospective cohort study. BMC Public Health 2014 14:429.

Page 7 of 7

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods/Design
	Discussion

	Background
	Aim and objectives

	Methods
	Study design
	Targeted population
	Sample size calculation
	Sample recruitment
	Primary outcome variable of oral health status
	Outcome variable of child weight status
	Main explanatory variables
	Community-level factors
	Mother and family-related information
	Child-related information
	Dietary patterns and patterns of fluid consumption
	Estimation of intake of free sugars and fluoride intake
	Oral health practices
	Fluoride exposure and intake from oral health practices
	General health conditions of mothers and children
	Analysis and reporting


	Discussion
	Competing interests
	Authors’ contributions
	Acknowledgement
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


