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Abstract:

Background: Diet cariogenicity plays a major role as both a protective and tigk ifathe
development'of Early Childhood Caries (ECC).

Aim: Develop.a.scale measuring the cariogenicity of foods and beverages and employ it to

describe theteariogenicity of young children's diets and predict deritd catcomes.

Design Scores_ of cariogenicity and consumption frequency were applied to foaeh®q
questionnaire(FFQ) collected from an Australian Cohort study with threeptimées of data.
Oneway ANOVA, with post hoc Tukey test compared mean cariogenic scale measured at 18

months between the subsample of children with caries classificatge &t years.

Results: At 6 months children's mean cariogenic score was 10.05, increasing tat34218

and 50.00 at 18 months. Mean cariogenic scale score at 18 months was significantly higher in
children with,advanced disease at 5 years (mean scaks 00 +15.9) compared to those

that were_healthynfean score 47.7 +17.5, p =0.0@% had mildmoderate disease (mean
score 48:2 £1:7:3, p =0.008).

Conclusions: The cariogenic diet scale provides a useful indication of the ingreasi
cariogenicity ofsciidren’s diets with age and highlights the incorporation of discretionary
choice foeds/and beverages into the diets of young children much earlier than nuritionall

recommended.

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which
may lead to differences between this version and the Version of Record. Please cite this article
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I ntroduction:

The cariogenicityof a food orbeverages definedasits ahlity to foster cariesin humans
under conditions conducivéo caries formation. Numerous studieBave assessedhe
cariogenicityof arangeof food andbeverage# recentyearshowever a cariogeniiet scale
to measureadiet’s worth of foodandbeveragess yetto be devisedThis researchintendsto
firstly createa cariogenicdiet scaleandapplyit to the VicGenbirth cohortand subsequently

apply thesealeusingcariesoutcomes of the cohoat alaterage.

A food or beverage’s cariogenicity igt@rmined by physical properties including pssiag

and refinement, acidigproperties, type and content of carbohydrates and presence of
protective factors like calcium, phosphate and cadginCariogenicity is also determined by

the way the“feod or beverage is consumed: the quantity, time of day, and frequency of
consumption. . Human trial studies have been conducted and strong causal eviden¢2-found
4), however these occurred over 35 years ago and would not be considered to be ethical by
contemporary. standards, therefore measures of cariogenicity must be determined through
laboraory ;measures and population observation. Several methods exist for scigntifical
assessing thescariogenicity of foods/beverages; namely animal models pld, and intra

oral cariogenicity test$5). Various studies have utilised these methods, however to our
knowledge no published wortkas developed an eviderbased scale assessing cariogenic
and anticariogenic nutrient properties, able to measure the cariogenicity of avdiets of

food and beverages. Most dietary studies look exclusively at associations betwtdn de
caries and onsfood sugar content without taking into account the contributions of other
cariogenig,and anttariogenic nutrient properties. A further limitat of past work has been

a lack of methodological detail and dietary information collected from (&¢8).
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The VicGen birth cohort study has been collecting dietary data and conductitejy de
examinations from approximately 450 children from birth to 6 years of Rigéary and
dental data wereollected atl, 6, 12 andl8 months and 3, 4 and 5 years of age, thereby
enabling_tracking and examination of thetdiecariogenicity over this early period of life

with supportingidental caries data (9).

The cariogenicityof the diet plays a major role as both a potectiveandrisk factorin the
development ofEarly Childhood Caries (ECC), defined as the presenceof one or more
decayednon-cavitatedor cavitatedlesions)missing(dueto caries)or filled toothsurfacesn
children betweenbirth and 71 months adge (3). ECCis one of themostcommon chronic
childhooddiseasedn the stateof Victoria, Australia,26.6% ofchildrenaged5-12yearshave
hada toothfilled; 11.7% a tootlextractedand7.1% have under-goneganeralanestheti¢or

dentaltreatmenti(10).

Consequencestof ECC include faltered growth and nutrition, restricted activitiesrgnd |

term growth ‘and developmental implications. Furthermore, ECC is the best pragfictor
future caries development (3) and there is overlap between many risk factors for dental caries
and the development of overweight and obedityerefore preventing the development of
ECC is important not only for individual children and families but to improve overall

populationghealth and wellbeing.

Dentalcariesis.adynamicdiseaserocess, takinglacein thedentalplague on theurfaceof
the toothresultingin a loss of the equilibriunbetweenthe toothenameland surrounding
plaque fluidspreducing a loss ofalciumandphosphatdérom the tooth. Sooafterthis initial
carious challengethere is a gradual re-establishmentof equilibrium and calcium and
phosphatarereplacedHowever,if thereis anetloss ofthesemineralsovertime irreversble
tooth surfacecavitationcanoccur.Fourfactorsarenecessarjor dentalcariesdevelopment; a
susceptible hest or tooturface,acidogenicand aciduric oral plaquebacteria,fermentable
dietary carbohydratesand time (11). The intention of this work is to give a greater
understanding o&ll dietaryfactors,in additionto fermentablecarbohydratesand the role

they playin thedemineralisatiorof toothsurfaces
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The aims of this papeareto

1) Describethe development of a cariogenic diet scale usheg evidenceébaseon antt

cariogenic and cariogenic properties and

2) Apply therseale to diary data to describihe cariogenicityof children’s diets from 4.8

months of age.and

3) Comparethe cariogenic diet scakcoreat agel8 monthsto presence otaries at ag®

years

Material and'Methods:

Review of current evidence base for developing the Cariogenic Scale:

We conducted @omprehensive literature search and review to identify the cariogenic and
anticariogenic properties of individli nutrients presented inTable 1 Studies using
methods approved ke Scientific Consensus Conference for Methods for the Assessment
of the Cariogenic Potential of Footeldin 1985(5), incorporatinganimal modelsenamel

slab experimentand plaque pH testing were includddhese study typegrovide evidence

that cannot be. collected from epidemiological studies and although not takingimpleive,
provide strong insight o cariogenicity. Literature reviews human trial studiesand
longitudinal, studieghat highlighted clear relationships between dietary factors and caries
developmentmeasuring habits and disease progression over time to monitor charge
included. Alsesselected for inclusion wereogernmentdocuments, position statemeratsd
nutritionalral health textboakCrosssectional studies were excluded due to their inherent
limitation in that caries is a progressive disease in which dietary habittating tlose
capturedn surveys are causal facto@nly gudies published in English were considered and

no publication date restrictions were applied.

Additional properties of food affecting cariogenicity.

Evidence suggests form, consistency, retention time and frequency of consumption of

foodbeveragessignificantly affects cariogenicity and dental carie@, 12-14) When

This article is protected by copyright. All rights reserved



112  fermentable carbohydrateseingestedthe pH of the dental plaque fluat the surface of the
113 tooth dropsand he retention time of a fodoeveragen theoral cavityaffectsbothhow long
114  the pH remains lowerednd the amount of acid producekherefore,sticky and retentive
115  produds have a higher cariogenicity comparedandgbeverageshat areeliminated quickly
116  from the oral*eavity Frequency of consumption ithe most closely related factor tbe
117 incidence .of dentalcaries (1, 3, 15-17). Al foods/beverages containing fermentable
118 carbohydratedisplay cariogenicity howevemwhen frequent ingestion of fermentable
119  carbohydrateés“occurs this results in an extended period of low plagunglhcreased

120 demineralization

121

122  Additional food/beverage propertiedffecting cariogenicityinclude food acidsand food

123  fortification. Foods/beverages fortified with nutrients that aid in thmimgeralising of teeth,

124  including caleium and phosphorus, can reduce the original cariogenicity of a food or
125  beverages nutritional compositiqd8, 19).Acids acting as erosive agentsalone arenot

126  cariogenicy’weverprolonged exposure to acids can permanently damage teetubng

127  erosion and demineralization through a chemical pathway not involving bacteria. Acidic
128 foodgdbeveragedacilitate pH to drop below 5.5 and over time weaken tooth’s strectur
129 Foods/beveragethat are acidic and contain sugars are particulashcening, as they are

130  both acidic and cariogenic concurrently being deleterious to tooth surfaces. (17, 20)

131

132  Creating the cariogenic diet scale:

133  Based on thesliterature review, ten scored categories were created and descriptions including
134  nutritional{composition parameters defined. See below for descriptions andordiable 2

135  for nutritional composition details and food/beverage allocation.
136

137  Cariostatic(value=0): Thesefoods/beverages contain feymentablecarbohydrateandare

138  primarily'eemposed ofat andprotein.

139  Anti-cariogenic potentia{value=0): Do notcontainstarchegprocessear unprocessegnd

140 containlessthan 5 gramsof sugarper 100grams primarily lactose.The majority of their

This article is protected by copyright. All rights reserved
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compositionis protein and/offat and they are a significant source ofat leastone ofthese

protective nutrientszalcium,fluoride, phosphorus arasein.

Low cariogenic potential milk based(value=1): Containminimal starchesand between6-

10gram ofsugarper 100 grams.Majority of their compositionis protein and/ofat andthey
containmaderateto high amounts of protective nutrientsglcium, fluoride, phosphorusor

casein.

Low cariogenic potential — nomilk based(value=1): Comprisedmostly of unprocessed

starchwith no processedtarchesand minimal amounts ofat and protein. Contairbetween

1-10grams_osugarandminimal amounts of protective nutrients.

Moderate cariogenic potentiafresh(value=2): Containmoderateamount of urprocessed

starch, no processedstarch, 11-20gramsof sugar with minimal amounts ofprotective

nutrients.Havemoderataetentiononteeth.

Moderate cariogenic potentialprocessedand added sugars (value?): Contain lowto

moderateamounts ofprocessedand unfprocessedtarchespetweenll1-20grams okugars

andlow to moderatesource of protective nutrients.

High cariogenic potential- liquids (value=3):These liquids contain between 10-

15grams/100grams asflugarand minimal starchesprotective nutrientdat and protein. They
are not retentive (howeverwash over all teeth surfacesas they are liquids) and contain

moderateo high amounts ofcids.

High cariogenic potential- food&/alue=3): containhigh amounts of processathrchwith 1-

5 gramsof sugar.Containminimal amounts of umprocessedtarchand protectivenutrients

andlow to moderateamounts ofat andprotein.Thesefoodsarehighly retentive.

Severecariogenic potential very high sugar yalue=4): containover 50grams/100grams of

sugarand havehigh retentionon teeth. Low amounts of botlprocessednd un{processed

starchestraceto minimal amounts of protectiveutrients fat andprotein.

SeverecariogeniC potential-iigh sugar highly processed starch (value=4). containa mix

of highly processedstarchesand at least 20grams/sugaper 100grams,which are highly
retentive on teeth. Contain lowto moderateamounts offat and protein and minimal

protective nutrients.

This article is protected by copyright. All rights reserved



170

171 Supplementary matetfiavith the allocation of each of the food and beverages into their
172 scored measure of cariogenicity is available with this article and is titled the rationale for
173  allocating cariogenicity to food and beverages for the development of a caridgrscale.

174  This allows those wishing to utilize this scale to see the rationale behimiheagdual food

175  and beverages potential cariogenic rating.

176

177  Participants

178  Child data was,collected from the VicGen birth cohort study, whedan in 2008. VicGen
179  was estabihed.as a longitudinal, mullimensional study to investigate the factors involved
180 in the development of early childhood caries (ECC) within a secodogical model of
181  health. Families with newborn infants-42weeks of age) were recruited from Materaadl
182  Child Health (MCH) Centres in seven local government areas (LGA) in Victoria, Aastra
183  MCH nurses invitectligible women(not intending to move in the next 12 months, no severe
184 illness in family, childrendid not require specialist care, no parentakntal illness)with

185 newborn. children to participate at their child’s health and wellbeing Visé research team
186  then contactedswomen who were interesteith 466 of 915nvited women who completing
187 the baseline.study visitThe LGA’s were purposely slected to provide a higher level of
188  disadvantage and cultural diversity and were in a mix of metropolitan, regiodaiueal
189 areas. Thisustudy was approved by the University of Melbourne Human Reseaich Et
190 Committee"(HREC 0722543) and its proto¢®) and cohortprofile have been published
191 (21).

192

193 M easures

194 Paentreportedchild dietary datawas collectedat child age6, 12and 18 months via a 44-
195 itemfood frequency questionnairERQ). Parentgeportedtheir child’s usual consumption of
196 32 fooditemswith eight response optiongngingfrom ‘never’ to ‘4 or more timesperday’.
197  Parentswere also askedabouttheir child’s daily, weekly or monthly consumption of 12
198  beveragesThis FFQ hadbeenpiloted for feasibility and acceptability,and examinedfor its
199 reliability andvalidity (22). Child andfamily socio-demographic variablegere collectedat

200 eachtime-point.
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Creating the overall scored cariogenic diet scale measure:

The Australian Guide to Healthy Eating (AGTHE) and the Australian Infant Feeding
Guidelines(iFG), (23, 24)recommendvhat foodsandbeveragesre necessaryor a healthy
diet, referred.te" as ‘core’ and those that are not recommendedbeing referred to as
‘discretionary”foods and beverages. In creatingthe cariogenicdiet scale,we have only
scoreddiscretonary foods andbeveragesAlthough somecore food andbeverageslisplay a
scored level of cariogenicity, theyare recommendedfor consumptionin the National
Guidelinesso are not includedinto the scoredscale. This has beenincorporatedto not
discourage,the consumption adre foodsnecessaryor a healthfuldiet. Talde 3 displaysall

the core foodsmeasuredn our FFQ and the frequency consumptida basedon thedaily

servesrecommendedh the AGTHE and IFG (23, 24) Therewas one exception,with dried
fruit includedas part of the cariogenicpotentialscale,as the nutritional composition dfis

fruit could have significant influence aentaldecay.

Table 4 showsall the scoreddiscretionarychoice foods. Never,low, moderate high and
very high_intake of foodsand beverageswas determined by weekly frequency of
consumptiorandallocateda valuebetweenO (never)and4 (severg. Clinical judgmentby a
dietitian alongwith the AGTHE andIFG recommendationsasusedto allocateconsumption
frequencyratingias consumptiorfrequencyis cited asthe mostclosdy relatedfactorto the
incidenceof'dentalcaries A scorefor eachdiscretiorary food and beveragevas generated
by multiplying the cariogenicity weighting (2-moderate, 3-high or 4-severe) by the
consumptiorfrequency(0, 1, 2, 3 or 4)seedetailsin Table 4 for the value of consumption
frequencyof discretionarychoice foods. For exampleeating donutsthree times a week
would warrant a'score of 8, cariogenicity weighting value of 4(severe)multiplied by a
consumptiorfrequencyvalue of 2.The scoresfor all discretionaryfood andbeveragesvere
summedao,producean overall cariogenicityscorebetweerd and276for eachchild ateach6,
12 and 18 months ofage.Where>50% of the foodand beveragetems measuredn each
cariogenicityweightingwere presentthe averagecoreof the othertemsin the cariogenic
groupwasusedto addressnissingdata.Participantsvith >50% of thevariablesmissingfor

one cariogeticity weighting groupwere excludedfrom analysis.Nutella and peanut butter

This article is protected by copyright. All rights reserved



232 were combinedas one item in the FFQ, and as the cariogenicity of theseitems differs

233 markedly,thisitem wasexcludedrom theanalysis.
234
235  Caries Classifieation

236  Clinical oral examinationsof childrenin theVicGen cohortwerecompletedat 18 monthsand
237 3, 4and5 yearsof age (21). ModifiednternationalCariesDetectionand Assessmenbystem
238  criteria (ICDASyII) were usedfor cariesassessmeniCDAS Il is validatedfor usewith

239  children and, has been shown to be of acceptablevalidity and reproducibility for

240 epidemiologicaland cohort studies (25, 26 total 259 childrencompletedthefinal visit at
241 5 yearsof age (21)For the currentstudy aseriesof inclusioncriteriawere appliedto those
242 259 children, including non-contradictodjinical datacollection over all four visits and no
243  misseddatacollectionvisits. After completionof datacleaning,a final cohort of 17Cchildren
244  was availablefor analysis.Thesechildren were classifiedinto three groupsbasedon their
245 ICDAS Il scoresat 5 yearsof age: A Healthy groupwho had no early childhoodcariesas
246  determinedbyl€DAS scoresof 0; aMild-moderatediseasegroup who had one ormore
247  lesionswith.anICDAS scoreof 4 orbelow; andan Advanceddiseasegroupwho hadone or

248 morelCDAS:scorenf 5 or above.
249
250 Analysis

251  Simple deseriptive statistics (mean, range, standard deviationvere producedfor the

252  caliogenicscalescorefor all childrenwith dataavailableatage6, 12 and18 months.

253 A oneway ANOVA, with post hoc Tukeyest was usedto comparethe meancariogenic
254  scalemeasuredat 18 monthsbetweenthe subsample afhildrenwith a cariesclassificaton

255 availableatage'Syears(healthy,mild-moderataliseaseadvancedlisease).
256

257 Results

258  Four hundred and sixtsix motherchild dyads were recruited into the study at baseline, and
259 retention of participants varied across the second, third and faordpoints of data
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collection. A cariogenic scale score was created for 364, 321 6hpaBticipants at time
points 6, 12 and 18 months respectivlgble5 shows the characteristics of those children
included in the analysis. Reasons for noparticipdion across timgooints included
participants_moving from the area, loss to follow up, electing to miss aptimé and

withdrawal.duestdime constraint$21).

At age five years, 170 children were classified into one of three cawepsyHealthy
(n=67), Mild-moderate disease (n=75%)evere disease (n=33). Tabk outlines the
characteristicsmof these three groups. The -mitdlerate disease group had a higher

proportion of.children from disadvantaged areas than the healthy or advanced dsaase gr
Cariogenicpotential of the diet

The mean cariogenic scores of the diets of children increased across eapbinimeé
months: 10.05.(sd: £12.93, range&/8); 12 months: 34.18 (sd: +18.74, rangd1¥) and 18
months: 50.00 (sd: £18.31, rangel86). The cariogenicity score was positively skewed at
the 6 month timgoint. At the 12 and 18month timepoints the children had a normal
population“distribution. Figures 1, 2 and 3 show the frequency distribution of cariogenic

scores across the three waves of data collection.
Cariogenicity,and caries outcome

The mean.cariogenic scale score at age 18 months was significantly higher in children at age
5 years in thédvanced disease group who had a mean cariogenic scale score of 59.0 + 15.9
compared to those in the Healthy group who had a mean score of 47.7 £ 17.5 (p = 0.007) or
those in the Mildmoderate disease gno who had a mean score of 4&27.3 (p = 0.000).

There was,no_difference in mean cariogenic scale score between the Healthy and Mild

moderate-disease groups (p = 0.985).

Discussion

This paper hasreated an evidence informed cariogenic diet scale throtgheavof current
literature of anticariogent and cariogenic nutrient propertiesenable classification dbod
and beverages intenscored categories of cariogenicifynroughcombiningthese scores of
cariogenicitywith food and beverageconsumptiorfrequencywe wereableto produce an
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289  overal cariogenic potential score -@76) for each childin the VicGen birth cohort study
290 across three mie-points; 6, 12 and 18 months and mé#pme score atl8 monthsto caries

291  outcome at 5 years of age.
292

293  This scale habuilt. upon previous work in that it takes into account the combined influences
294  of nutritional"composition, frequency and the a#riogenic and cariogenic properties of
295 foods which*previous cariogenic work has nétreviousresearch has not collateddeet’s

296 worth of food and beverages and timethodology regarding the creation sfales and

297 literature included is limited. Additionally, these studies did not record if they hedl us
298 validated dietary measweand hadnot followed participants from birth therefotacked

299 longitudinal'datapartiaularly of early dietary habit§6-8).
300

301 This scaleprovides a methodbr trackng how children’sdiets changein relation to their
302 cariogenicityfrom birth into ealy childhood.It was expectedthe diets of thesechildren
303 would becameancreasinglycariogeniowith age,asawider variety of foodsandbeveragesre
304 introduced.At"six monthswhen foods are first introduced, thecariogenicityof children’s
305 dietswaslow.and positively skewed explainedby the relatively small variety of foodsand
306 beverageshildren were consuming.By 12 and 18 months thescoresproduced a normal
307 populationdistributionandthe curveincreasedn cariogenicityfrom the 12 montho the 18
308 month time=points. As the score of cariogenicity only measuresdiscretionary foodand
309 beveragesthese notecommendor a healthfuldiet, this supports previougesearckindings
310 that have shown the introduction dfscretionaryfoods and beveragess ocaurring from a
311  veryyoung agein the caseof our work,asearlyasage6 monthsandis increasingquickly
312 (12, 27-29).

313

314  Children'who developedadvanceddiseaseby age five years, had a mean scale score
315 approximatelylO points higheat age 18 monththanthosechildrenwho wereeitherhealthy
316 or hadmild/moderatadiseaseat agefive years.Interestingly,thosethatwere deemecdhealthy

317 and thosewith mild/moderatediseasehad a similar scalescoreat age 18 months.These

This article is protected by copyright. All rights reserved



318 resultssuggesthatthescalemaybe more usefudsa predictor othildrenon apathto severe

319 diseaseratherthanmild disease.
320

321  Evidencerelatingto thetiming of children’sdiets beconing cariogeni@andthespecificfoods
322 andbeveragedeingconsumeds importantfor populationhealthinterventionsasit helpsto
323 identify thetime-point(s) at which health promotioninformationand intervention should be
324 targetedoroptimumeffectivenessAs seenn thiswork, diet cariogenicityincreasedetween
325 6 and12 months ohgeandby age 18 monththereis a muchhigher intake ofliscretionary
326 foodsandthusecariogenicity This highlights theneedfor intervention priorto the ageof 12
327 months ofagein/orderto combatthe effectthesefoodsmay haveon currentandfuture oral
328 health.

329

330 This work hasfocusedon giving a deeper exploratiomto dietary factorsandtheir role in
331 cariesdevelopment asidethe generallywell known‘dentaldecaypromoting’ fooddike soft
332 drinksandlollies. This work hasprovided a picture of theistributionof thecariogenicityof
333 thedietacrossaspopulatiorandhow increasinglycariogenicchildren’sdietsarebecomingat

334 averyyolngage
335

336 In conclusion the scalprovides a useful advance to the assessment and analysis of the
337 cariogenicity=of‘the diet within the context of epidemiological studies, particularlyotorg

338 children. It does this by offering a continuoustaariogenicity scorevith the prediction of

339 dental caries as the outcome measure

340
341  Limitations

342  This scaleis"able to give an estimateof the cariogenicityof certainfoods, butwithin the
343 contextof adiet wherefoodsare consumedogetherit is possiblethat therewill be some
344 combinationsthat will exert a protectiveeffect. If cheese,an anticariogenic food, is
345 consumedt thesametime asmuffins, aseverecariogenic foodthenthecheesewill exertits

346  protective effects therebyreducingthe demineralizationthat would haveoccurredby just
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eatinga muffin alone.Howeverwe haveonly collectedinformationon frequencyatherthan
the time of dayand combination of foodsnd beveragesAdditionally milk, infant formula
andbreastmilk while beinganticaiogenicto low cariogenicity,if left to poolin the mouth
when a child goesto bed with a bottle or falls asleepon thebreastcan become highly
cariogenic.Withya slowedsalivaflow rateandalthough only containinfactose thisis still a
sugarwhichwill‘promotedecay.Again aswe have notcollectedwhenfoodsandbeverages

havebeenconsumedt is behind the scope this paperto include.

The dietary. measures included in the scale do not include fats and oils howeweyr aeth

not involved/in/tle direct caries process this has little to no impact. In this study, peanut
butter and"Nutella were grouped together and chocolate and lollies were grogettbit
however the"eariogenicity of each product varies. As a result we excluded nutella artd peanu
butter from the analysis, however included chocolate and lollies and allocated them as
‘severe’ based ,on the nutritional profile of lollies, therefore we may be Igligher

estimating the contribution of this combined item to the index score.

| mportancefor paediatric dentists

e This cariogenic diet scalgrovides a useful nemvasive methodto predict the
developmentof early childhood caries by measuriognsumption of "discretionary”
foods and beverages providing a useful indication of the increaanmnggenicity of

children's.diets with age.

e As thescoreof cariogenicityonly measuresdiscretionary” food and beveragesthis
supports previousesearcHindingsthat haveshownthe introduction ofliscretionary

foodsandbeveragess occurringfrom a very youngge.

e Evidencehighlighting the timing of children’s diets becoming cariogeniand the
specificfeods and beveragesbeing consumedis important for population health
interventionsas it helps to identify the time-points at which health promotion
informationandinterventionshould beargetedfor optimumeffectivenessPaediatric

dentistsarein anoptimal positionto provideinformationandinterventionprior to the
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development otariesandto combatthe effect thesefoodsmay have oncurrentand

futureoral health
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515 Table 1: Cariogenic and axgariogenic properties of macro and micronutrients influencing the developnustitaf caries
Nutrient Deseription Cariogenicity | Cariogenic or anti-cariogenic properties Types of foods
status
Dietary sugars: |Alldietary carbohydrates | Cariogenic These are fermentable CHOs, metabolised by oral | Sucrose is added to

Sucrose, Fructose

(CHO)

bacteria studies however indicate sucrose is the

baked goods lollies, roll

[

and Glucose _ preferred source for M&@7, 30, 31) ups, soft drink. Sucrose
e==Sucrose is made up of _ - _ ) ) _
Sucrose is a specific substrate for the synthesis of |is found naturally in frui
fructose and glucose. _ :
glucans which promote attachment of MS to teeth andnsl vegetables.
Can be naturally found ) )
readily fermented by saccharolytic plague bact@dria _
or added to foods. Fructose is found
30-32) , .
o Fructose also known a N naturally in fruit and
All these sugars facilitate the adherence of dental plaque )
fruit sugar honey. Glucose is foun(
to the enamel of tee(ld) )
e_.Glucose is also referre in all CHO foods
to as blood sugar
Lactose Also known as milk- Cariogenic Least cariogenic of the common CHO (33-35) Milk, yoghurt and

extrinsic sugar, most
commonly found in dairy

products.

In dairy products becomes of lower carcinogewidite
to the protective components of calcium, phosphate
casein(36-39)

cheese
and
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Extrinsic sugars | Found freely in food or are Cariogenic More readily available to be fermented by oral bacteri@akes, biscuits, stewed
added during cooking and thus are more cariogenic than intrinsic sugars (16, 4tnd dried fruits, fruit
processing 41) juice, lollies

Can be released from foods through cooking and
processing making them more cariogenic.

Intrinsic sugars  |'Sugars natally found Cariogenic Evidence suggests these sugars pose little threat to\ Fruit, vegetables
within the cellular structure development of caried§, 40-42)
offoods They are within the cellular structure of foods thereby

are less bioavailable to oral bacteria than extrinsic
sugars

Starches Plant cells store glucose a Cariogenic Starch undergoes gelatinization through cooking or | Cakes, biscuits,

(processed) starches which are long, processing increasing fermentability. Gelatinized puddings, muffins,
brarched and unbranched starches are more susceptible to breakdown by enzypwato chips, savoury
chains of glucose molecules and therefore bi@vailable for bacteal acid production| crackers spreads and

(33, 43, 44).

Trapped food particles on teeth undergo rapid
hydrolysis, resulting in the substrates maltose and
maltotriose which contribute to bacterial acid
production (45, 46)

bread.
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The combination of sucrose andrshes can induce

rapid and prolonged pH drops. Starches increase th
availability of fermentable carbohydrates as a result
starch itself acting as a-@ariogen through promoting
the retention of foods with lower levels of sugar to th
teeth(1, 13, 15, 34, 489)

(1%}

of

Starches Non-processed and raw starches have little to no eff| Grains (wheat, rice)
(unprocessed) on the developent of dental caried 3, 34, 42, 45, 49,|legumes and root
50) vegetables (potato,
sweet potato)
Protein Proteins are a vital Anti-cariogenic Display anticariogenic properties and are protective | Eggs, meat, nuts, milk,

structural and working

substance in all cells

against demineralizatiof38, 49)
Many oral bacteria can metabolise some amino acid
protein to produce alkali, thereby raising plaque pH
(11)

Casein, milks most abundant protein stabilises calci
and phosphate producing a saturated solution that
prevents demineralisation and promotes

remineralisation of tooth enam@6, 51)

yoghurt, cheese

S in
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Fat Fat refers to the class of | Cariostatic Free fatty acids (FFA) may coat teeth, physically Oil, butter, nuts, meat,
nutrients known as lipids. decreasing amount of fermentable carbohydrate. dairy products
This-include trglycerides Fats may also accelerate oral clearance of food particles
(fats and oils), thereby reducing the time available for bacterial
phospholipids and sterols metabolism to occuf52, 53)
Water Cariostatt Helps wash away particles of food and reduces the | Water
amount of substrate that bacteria can fern(et
Calcium The most abundant minerg Anti-cariogenic Critical in development of tooth enamel in children a| Milk, cheese, yoghurt,
in'the body and one of the diffuses into the enamel of the tooth andmeeralizes | almonds, soy products
maest important components it (54)
ofteeth Increases calcium concentration in plague which
inhibits demineralization. Calcium in milk exhibits
protective effects even ihé¢ absence of proteins,
lactose, fat and case(B6, 37)
Fluoride A-protective mineral Anti-cariogenic During the mineralization of teeth, calcium and Fluoridated tap water,

involved in tooth health

phosphate form cryals called hydroxyapatite. Fluorid
replaces the hydroxyl (OH) ions of hydroxyapatite

crystal forming fluorapatite which makes teeth more

enfant formula, tea

This article is protected by copyright. All rights reserved




resistant to acid challengé?) . Fluoride inhibits
bacterial metabolism of sugars thus decreasing acid
production by bacteria and decreasing enamel
demineralizatior{16, 42)

Fluoride supplementation has been shown to reduce
cariogenic effect on foods/bevera@bS) and public
water fluoridationhas been proven to reduce caries

prevalence worldwidés6, 57).

2 the

Phosphte A protective mineral in Anti-cariogenic Calcium requires phosphate to maximise its ability tq¢ Meat, eggs, milk and
tooth health form hydroxyapatite or fluorapati(®4, 58) fish.
Alternative Main ones are xylitol, Cariostatic or These sweeteners are slowly metabolised by oral | Chewing gum, sugar

sweeteners also |sorhitol, mannitol maltitol,

known as sugar | lactitol and hydrogenated

alcohds

starch hydrolysates

anticariogenic

bacteria and so are usually considered non cariogern
(2, 13)

Xylitol however is not fermented by oral bacteria an
has anticariogenic properties. In the Turku studies
caries increment reduced in relation to xylitol

consumption (2)

ifree drinks, swest gum
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Table 2: Grouping of Food Frequency Questionnaire foods by cariogenic rating, nutrient and other properties

Foods inttheFeod Cariogenic | Nutrient Composition Additional
Frequengy score and properties:
Questionnaire! rating Retention (R)
and Acid content
(A)
Un- Processed | Sugar per | Fatand Protective nutrients;
processed | starch 100g Protein Calcium (Ca), Fluoride
starch (F), Phosphorus (P)?2
Eggs, Nuts,Luncheon | 0- These foods don’t None Majority of | Minimal amounts R- low
meats,"Meat/Fish, Cariostatic | contain starch composition | <50mg/100grams - Ca A- low
Water, Tea or coffee, < 0.1mg/L-F
Herbal drinks/tea,
Non fluoridated water
Milk, Cheese, 0-Anti- These foods don'’t Primarily | Majority of | Significant source: R-low
Fluoridatedwater cariogenic | contain starch lactose composition | >120mg/100grams - Ca | A- low
and <5g and/or

>300mg/100gram - P
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and/or

>0.6-mg/L- F
Infant formula, Breast | 1-Low Minimal Minimal 6-10g Majority of | Moderate to high: R-low
milk, Yoghurt (milk composition | 30-120mg/100grams - A-low
(unsweetened) based) Ca
and/or
>100mg/100gram - P
and/or
>>(0.6mg/L - F
VegetablesyPotato 1-Low Low to None 1-10g Low to high | Minimal amounts: R-low to
Noodles/Pasta, (non-milk | high amounts < 50mg/100grams - Ca moderate
Rice/Couscous, Fresh | based) <0.1lmg/L-F A-low to
Fruit, Soup, Peanut <100mg/100grams -P moderate
butter, Cereals
(unsweetened)
Banana 2- Moderate | None 11-20g Low Minimal amounts: R-moderate
Moderate amounts <50mg/100grams - Ca A-low
(fresh) < 0.1mg/L -F
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<100mg/100grams -P

Bread, Cereals 2- Low to Low to 11-20g Low to Low to moderate sources | R-low to
(sweetened), Ice- Moderate moderate | moderate moderate of calcium and moderate
cream, Custard, Baked | (processed amounts phosphate3 A- low
beans, Soup,/Ready to | and added
eat baby foods, sugars) 0-120mg/100grams of
Flavoured'milk, Hot Ca 0-200mg/100grams P
chips, Stewed fruit,
Yoghurt (sweetened)
Fruit juice, Cordial , 3- High Minimal 10-15g Very low fat | Trace amounts: R-low
Soft drink, Sports (liquids) and protein | <10mg/100gram for Ca | A-moderate to
drinks, Jelly and P. high
Potato chips, Savoury | 3- High Minimal High 1-5g Low to Minimal amounts R-high
biscuits (foods) amount moderate < 50mg/100grams - Ca A-low
>50% amounts < 0.1mg/L -F
starch <100mg/100grams -P
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Jam, Nutella, Lollies/ | 4- Severe Low >50g Minimal Trace to minimal R- high
chocolate, Dried fruit> | (very high amounts amounts : A-low to
Roll ups ;Sweetened sugar) <50mg/100gram for Ca | moderate
condenséd milk and P*
Muesli bars, Puddings, | 4- Severe Unlikely to | >15g >20g Low to Minimal amounts R- very high
Cakes/ muffins, (high sugar | contain moderate <50mg/100grams - Ca A- Low
Donuts, Sweet biscuits | highly these amounts < 0.1mg/L -F

processed <100mg/100grams -P

starch)

'Bold indicates a discretionary choice food/beverage and italics a core food/bé¥emdghigh in phosphate also need to be high in calcium to
exert the-protective effectéDairy and cereal based products; Custardcieam, flavoured milk, sweetened yoghurt, cereals and bread/rolls
will be @amederate source -A20mg/100grams of Ca and 50-200mg/100grams P however due to higher sugar content theyla® place
moderate cariogenicityNutella contains 130mg/100grams and phosphorus 190mg/100grams however normal sergrfgizens —
adheringstothese rang®GTHE recognises dried fruit should not be consumed everyday recommending to ortlyisiaceasionally

therefore has been included in the scored scale.
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Table 3:.Cariogenic Diet Scale nsnored core foods and beverages recommended by the Australian Guide to Healthy Eating (@3)THE)
and Infant Feeding Guidelin€®4) for a Healthful diet

Consumption frequency of Core Foods bag

Level of-cariogenicity Weight Included foods _ N S
National Nutrition Guidelines
Cariostatic 0 Eggs, Nuts, Luncheon meats, Meat/ fish, non-
. 7/week
fluoridated water
Anti-cariogenic Fluoridatedwater All day
0 Cheese Milk (full and low fat)un-sweetened
7-14/week
yoghurt
Low cariegenicity (milk based) |1 Infant formula® Breast milk Determined by mother
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Low cariogenicity (normilk 1 Vegetables, Potato 7-14/week

based) )
Noodle¢ pasta Rice/Cousous, Unsweetened cerg| 14-21/week

Fresh fruit 7-14/week

Peanut butter, Soup Determined by mother
Moderate.cariogenicity (fresh) (2 Banand 7-14/week
Moderatgriogenicity 2 Sweetened cereélBread 7-14/week

(processed and added sugar)
Baked beans, Ready to eat baby food, stewed fr{ 7-14/week

Sweetened yoghdrt 7/week

Milk, breast milk and infant formula are anti to low cariogenicity howeveftitdepool in the mouth when saliva flow isw in the case of

taking a bottle to bed or falling asleep on the breast these can be highly cariogenecddsiot measure when foods are consumed it is behind
the scope oflthis paper to incorporate this into the stébghurt and cereals were not defined as sweetenedsweetened in our FFQ. The
sweetened-varieties are more cariogenic due to the sugar content so have been separated into different mgeeriyf. ddre AGTHE
recommends choosing low sugar variett8anana has been defined as moderate cariogenanpared to fresh fruit due to its sugar

compositioniand creamier texture increasing its cariogenicity
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Table4: CariogenicDiet Scalescoreddiscretionary foodandbeveragesiotrecommendetly the AustralianGuideto HealthyEatingand Infant
FeedingGuidelines

Consumption frequency of discretionary choice foods

Level of cariogenicity Weight | Included foods Never (0) | Low (1) | Moderate (2) | High (3) | Severe (4)
Moderate-eariogenicity | 2 Ice cream, Custard, Flaured | Never >0-6/ 7-13/ week 14-21/ >22/ week
(processed and added milk , Hot chips week week

sugar)

This article is protected by copyright. All rights reserved




High cariogenicity Fruit juice, Cordial, Soft drink, | Never >0-1/ 2-3/ week 4-6/ week | >7/ week

o =) Jelly week

(|IQUIdS)Q

High carmgnicity Potato chips, Savoulyiscuits/ | Never >0-2/ 3-6/ week 7-13/ week | >14/ week
crackers week

(foods) O

! Chocolate ;Lollies are grouped together in the Higpefore they were allocated to the higher level of cariogenicity
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Table 5: Demographic profile of participants in the VicGen cohort study atness

time-points of data collection.

English at home

6 months |12 months 18 months
n 377 330 387
Data available for creation of scale sc| 364 326 367
Child age.in months (mean, * sd) 7.64 13.08 (£1.30)| 19.85 (x2.34)
(£1.26)
Child Female 48.35% 47.24% 47.14%
Location
Metropolitan| 63.19% 58.28% 61.58%
Regionall 12.64% 14.11% 13.08%
Rural| 24.18% 27.61% 25.34%
SHFA disadvantage
Quartile 1/ 58.79% 57.36% 56.40%
Quartile 2| 23.90% 23.93% 24.80%
Quartile 3| 14.29% 14.42% 14.71%
Quartile 4| 3.02% 4.29% 4.09%
Mother speaks language other than |21.15% 18.718% 21.25%
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Possess health care card 35.16% 30.67% 33.51%
Mothers highest post school
qualification
None| 19.56% 17.79% 18.31%
Certificateror apprenticeship or diplon; 41.05% 39.96% 40.44%
Degree or postgraduate degr| 39.39% 43.25% 41.26%

SocioEconomic Index for Areaslewer scoe most disadvantaged, higher least

disadvantaged (based on baseline responsésans tested card for loimeome

earners.entitling holder to concessions on certain services.
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Table 6. Participant characteristics by disease classification

English-atshome

Healthy Mild-moderate | Advanced
disease disease
n 67 75 33
Child 'age in years, mean [sd] 5.02 [0.09]|5.03 [0.09] 5.02 [0.08]
Child Female, n (%) 28 (42.4) |38 (50.7) 11 (34.4)
Location, n"(%)
Metropolitan 40 (59.7) |42 (56.0) 15 (45.5)
Regional 12 (17.9) |15 (20.0) 8 (24.2)
Rural 15 (22.4) |18 (24.0) 10 (30.3)
SEIFA disadvantage
Quatrtile 1(most disadvantaged) |40 (59.7) |35 (46.6) 19 (57.6)
Quartile 2 18 (26.9) |24 (32.0) 9 (27.3)
Quartile-3 6 (9.0) 12 (16.0) 4(12.1)
Quartile 4 (least disdvantaged) 3 (4.5) 4 (5.3) 4 (3.0)
Mothersspeaks language other than |14 (20.9) |7 (9.3) 4(12.2)

Possess health care card
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Yes 15 (22.4) |22 (29.3) 10 (30.3)
No 51 (76.1) |53 (70.7) 22 (66.7)
Missing 1 (1.5) - 1 (3.0)
Mothershighest post school
gualification
None| 11 (16.4) |7 (9.3) 4 (12.1)
Certificate,or apprenticeship or diplon 23 (34.3) |33 (44.0) 11 (33.3)
Degree or postgraduate degr| 32 (47.8) |35 (47.0) 17 (51.5)
Missing| 1 (1.5) - 1(3.0)
Cariogenic scale score at agerhonths
Data presentn (%)| 65 (97.0) |72 (96.0) 33 (100)
Data missingn (%)| 2 (3.0) 3 (4.0) -
Scale scoremean [sd] 47.7 [17.[48.2[17.3] 59.0 [15.9]
5]

SocigEconomic Index for Areas - lower score most disadvantaged, higher least

disadvantaged (baset baseline responsediteans tested card for low income

earners=entitling holder to concessions on certain services.
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