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Background: Diet cariogenicity plays a major role as both a protective and risk factor in the 9 

development of Early Childhood Caries (ECC).  10 

Abstract: 8 

Aim: Develop a scale measuring the cariogenicity of foods and beverages and employ it to 11 

describe the cariogenicity of young children's diets and predict dental caries outcomes.  12 

Design: Scores of cariogenicity and consumption frequency were applied to food frequency 13 

questionnaire (FFQ) collected from an Australian Cohort study with three time-points of data. 14 

One-way ANOVA, with post hoc Tukey test compared mean cariogenic scale measured at 18 15 

months between the subsample of children with caries classification at age 5 years.  16 

Results: At 6 months children's mean cariogenic score was 10.05, increasing to 34.18 at 12 17 

and 50.00 at 18 months. Mean cariogenic scale score at 18 months was significantly higher in 18 

children with advanced disease at 5 years (mean scale score: 59.0 ±15.9) compared to those 19 

that were healthy (mean score 47.7 ±17.5, p =0.007) or had mild-moderate disease (mean 20 

score 48.2 ±17.3, p =0.008).  21 

Conclusions: The cariogenic diet scale provides a useful indication of the increasing 22 

cariogenicity of children's diets with age and highlights the incorporation of discretionary 23 

choice foods and beverages into the diets of young children much earlier than nutritionally 24 

recommended. 25 
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 27 

 28 

The cariogenicity of a food or beverage is defined as its ability  to foster caries in humans 30 

under conditions conducive to caries formation. Numerous studies have assessed the 31 

cariogenicity of a range of food and beverages in recent years however a cariogenic diet scale 32 

to measure a diet’s worth of food and beverages is yet to be devised. This research intends to 33 

firstly create a cariogenic diet scale and apply it to the VicGen birth cohort and subsequently 34 

apply the scale using caries outcomes of the cohort at a later age.   35 

Introduction: 29 

 36 

A food or beverage’s cariogenicity is determined by physical properties including processing 37 

and refinement, acidic properties, type and content of carbohydrates and presence of 38 

protective factors like calcium, phosphate and casein (1).  Cariogenicity is also determined by 39 

the way the food or beverage is consumed: the quantity, time of day, and frequency of 40 

consumption. Human trial studies have been conducted and strong causal evidence found (2-41 

4), however these occurred over 35 years ago and would not be considered to be ethical by 42 

contemporary standards, therefore measures of cariogenicity must be determined through 43 

laboratory measures and population observation. Several methods exist for scientifically 44 

assessing the cariogenicity of foods/beverages; namely animal models, plaque pH, and intra-45 

oral cariogenicity tests (5). Various studies have utilised these methods, however to our 46 

knowledge no published work has developed an evidence-based scale assessing cariogenic 47 

and anti-cariogenic nutrient properties, able to measure the cariogenicity of a diets worth of 48 

food and beverages. Most dietary studies look exclusively at associations between dental 49 

caries and on food sugar content without taking into account the contributions of other 50 

cariogenic and anti-cariogenic nutrient properties. A further limitation of past work has been 51 

a lack of methodological detail and dietary information collected from birth (6-8).   52 

 53 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

 

This article is protected by copyright. All rights reserved 

The VicGen birth cohort study has been collecting dietary data and conducting dental 54 

examinations from approximately 450 children from birth to 6 years of age. Dietary and 55 

dental data were collected at 1, 6, 12 and 18 months and 3, 4 and 5 years of age, thereby 56 

enabling tracking and examination of the diet’s cariogenicity over this early period of life 57 

with supporting dental caries data (9).  58 

 59 

The cariogenicity of the diet plays a major role as both a protective and risk factor in the 60 

development of Early Childhood Caries (ECC), defined as the presence of one or more 61 

decayed (non-cavitated or cavitated lesions), missing (due to caries) or filled tooth surfaces in 62 

children between birth and 71 months of age (3). ECC is one of the most common chronic 63 

childhood diseases. In the state of Victoria, Australia, 26.6% of children aged 5-12 years have 64 

had a tooth filled, 11.7% a tooth extracted and 7.1% have under-gone a general anesthetic for 65 

dental treatment (10).  66 

Consequences of ECC include faltered growth and nutrition, restricted activities and long-67 

term growth and developmental implications. Furthermore, ECC is the best predictor of 68 

future caries development (3) and there is overlap between many risk factors for dental caries 69 

and the development of overweight and obesity.

 73 

 Therefore preventing the development of 70 

ECC is important not only for individual children and families but to improve overall 71 

population health and wellbeing.  72 

Dental caries is a dynamic disease process, taking place in the dental plaque on the surface of 74 

the tooth resulting in a loss of the equilibrium between the tooth enamel and surrounding 75 

plaque fluid, producing a loss of calcium and phosphate from the tooth. Soon after this initial 76 

carious challenge there is a gradual re-establishment of equilibrium and calcium and 77 

phosphate are replaced. However, if  there is a net loss of these minerals over time irreversible 78 

tooth surface cavitation can occur. Four factors are necessary for dental caries development; a 79 

susceptible host or tooth surface, acidogenic and aciduric oral plaque bacteria, fermentable 80 

dietary carbohydrates, and time (11). The intention of this work is to give a greater 81 

understanding of all dietary factors, in addition to fermentable carbohydrates, and the role 82 

they play in the demineralisation of tooth surfaces.  83 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

 

This article is protected by copyright. All rights reserved 

The aims of this paper are to 84 

 1) Describe the development of a cariogenic diet scale using the evidence base on anti-85 

cariogenic and cariogenic properties and  86 

2) Apply the scale to dietary data to describe the cariogenicity of children’s diets from 6-18 87 

months of age and  88 

3) Compare the cariogenic diet scale score at age 18 months to presence of caries at age 5 89 

years.  90 

 91 

Review of current evidence base for developing the Cariogenic Scale: 93 

Material and Methods: 92 

We conducted a comprehensive literature search and review to identify the cariogenic and 94 

anti-cariogenic properties of individual nutrients, presented in Table 1.  Studies using 95 

methods approved by the Scientific Consensus Conference for Methods for the Assessment 96 

of the Cariogenic Potential of Foods held in 1985 (5), incorporating animal models, enamel 97 

slab experiments and plaque pH testing were included. These study types provide evidence 98 

that cannot be collected from epidemiological studies and although not taking place in vivo, 99 

provide strong insight into cariogenicity. Literature reviews, human trial studies and 100 

longitudinal studies that highlighted clear relationships between dietary factors and caries 101 

development measuring habits and disease progression over time to monitor change were 102 

included. Also selected for inclusion were government documents, position statements and 103 

nutritional/oral health textbook. Cross-sectional studies were excluded due to their inherent 104 

limitation in that caries is a progressive disease in which dietary habits pre-dating those 105 

captured in surveys are causal factors. Only studies published in English were considered and 106 

no publication date restrictions were applied.  107 

 108 

Evidence suggests form, consistency, retention time and frequency of consumption of 110 

food/beverages significantly affects cariogenicity and dental caries (

Additional properties of food affecting cariogenicity.   109 

3, 12-14). When 111 
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fermentable carbohydrates are ingested, the pH of the dental plaque fluid at the surface of the 112 

tooth drops and the retention time of a food/beverage in the oral cavity affects both how long 113 

the pH remains lowered and the amount of acid produced. Therefore, sticky and retentive 114 

products have a higher cariogenicity compared to foods/beverages that are eliminated quickly 115 

from the oral cavity. Frequency of consumption is the most closely related factor to the 116 

incidence of dental caries (1, 3, 15-17). All foods/beverages containing fermentable 117 

carbohydrate display cariogenicity however when frequent ingestion of fermentable 118 

carbohydrates occurs this results in an extended period of low plaque pH and increased 119 

demineralization.  120 

 121 

Additional food/beverage properties affecting cariogenicity include food acids and food 122 

fortification. Foods/beverages fortified with nutrients that aid in the re-mineralising of teeth, 123 

including calcium and phosphorus, can reduce the original cariogenicity of a food or 124 

beverages nutritional composition (18, 19). Acids acting as erosive agents, alone are not 125 

cariogenic, however prolonged exposure to acids can permanently damage teeth by causing 126 

erosion and demineralization through a chemical pathway not involving bacteria. Acidic 127 

foods/beverages facilitate pH to drop below 5.5 and over time weaken tooth’s structure. 128 

Foods/beverages that are acidic and contain sugars are particularly concerning, as they are 129 

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

 131 

Creating the cariogenic diet scale:  132 

Based on the literature review, ten scored categories were created and descriptions including 133 

nutritional composition parameters defined. See below for descriptions and refer to Table 2 134 

for nutritional composition details and food/beverage allocation. 135 

 136 

Cariostatic (value =0):   These foods/beverages contain no fermentable carbohydrates and are 137 

primarily composed of fat and protein.  138 

Anti-cariogenic potential (value=0):  Do not contain starches (processed or unprocessed) and 139 

contain less than 5 grams of sugar per 100grams, primarily lactose. The majority of their 140 
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composition is protein and/or fat and they are a significant source of at least one of these 141 

protective nutrients; calcium, fluoride, phosphorus or casein.  142 

Low cariogenic potential – milk based (value=1): Contain minimal starches and between 6-143 

10gram of sugar per 100 grams. Majority of their composition is protein and/or fat and they 144 

contain moderate to high amounts of protective nutrients; calcium, fluoride, phosphorus or 145 

casein. 146 

Low cariogenic potential – non-milk based (value=1):  Comprised mostly of unprocessed 147 

starch with no processed starches and minimal amounts of fat and protein. Contain between 148 

1-10grams of sugar and minimal amounts of protective nutrients.  149 

Moderate cariogenic potential -fresh (value =2):   Contain moderate amount of un-processed 150 

starch, no processed starch, 11-20grams of sugar with minimal amounts of protective 151 

nutrients. Have moderate retention on teeth.  152 

Moderate cariogenic potential –processed and added sugars (value =2): Contain low to 153 

moderate amounts of processed and un-processed starches, between 11-20grams of sugars 154 

and low to moderate source of protective nutrients.  155 

High cariogenic potential- liquids (value=3): These liquids contain between 10-156 

15grams/100grams of sugar and minimal starches, protective nutrients, fat and protein. They 157 

are not retentive (however wash over all teeth surfaces as they are liquids) and contain 158 

moderate to high amounts of acids.  159 

High cariogenic potential- foods (value=3): contain high amounts of processed starch with 1-160 

5 grams of sugar. Contain minimal amounts of un-processed starch and protective nutrients 161 

and low to moderate amounts of fat and protein. These foods are highly retentive.  162 

Severe cariogenic potential – very high sugar (value=4): contain over 50grams/100grams of 163 

sugar and have high retention on teeth. Low amounts of both processed and un-processed 164 

starches, trace to minimal amounts of protective nutrients, fat and protein.  165 

Severe cariogenic potential- high sugar highly processed starch (value=4): contain a mix 166 

of highly processed starches and at least 20grams/sugar per 100grams, which are highly 167 

retentive on teeth. Contain low to moderate amounts of fat and protein and minimal 168 

protective nutrients.  169 
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 170 

Supplementary material with the allocation of each of the food and beverages into their 171 

scored measure of cariogenicity is available with this article and is titled the rationale for 172 

allocating cariogenicity to food and beverages for the development of a cariogenic diet scale. 173 

This allows those wishing to utilize this scale to see the rationale behind each individual food 174 

and beverages potential cariogenic rating.  175 

 176 

Participants 177 

Child data was collected from the VicGen birth cohort study, which began in 2008. VicGen 178 

was established as a longitudinal, multi-dimensional study to investigate the factors involved 179 

in the development of early childhood caries (ECC) within a socio-ecological model of 180 

health. Families with newborn infants (2-4 weeks of age) were recruited from Maternal and 181 

Child Health (MCH) Centres in seven local government areas (LGA) in Victoria, Australia. 182 

MCH nurses invited eligible women (not intending to move in the next 12 months, no severe 183 

illness in family, children did not require specialist care, no parental mental illness) with 184 

newborn children to participate at their child’s health and wellbeing visit. The research team 185 

then contacted women who were interested, with 466 of 915 invited women who completing 186 

the baseline study visit.  The LGA’s were purposely selected to provide a higher level of 187 

disadvantage and cultural diversity and were in a mix of metropolitan, regional and rural 188 

areas. This study was approved by the University of Melbourne Human Research Ethics 189 

Committee (HREC 0722543) and its protocol (9) and cohort profile have been published 190 

(21). 191 

 192 

Measures 193 

Parent-reported child dietary data was collected at child age 6, 12 and 18 months via a 44-194 

item food frequency questionnaire (FFQ). Parents reported their child’s usual consumption of 195 

32 food items with eight response options ranging from ‘never’ to ‘4 or more times per day’. 196 

Parents were also asked about their child’s daily, weekly or monthly consumption of 12 197 

beverages. This FFQ had been piloted for feasibility and acceptability, and examined for its 198 

reliability and validity (22). Child and family socio-demographic variables were collected at 199 

each time-point.  200 
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 201 

Creating the overall scored cariogenic diet scale measure:  202 

The Australian Guide to Healthy Eating (AGTHE) and the Australian Infant Feeding 203 

Guidelines (IFG) (23, 24) recommend what foods and beverages are necessary for a healthy 204 

diet, referred to as ‘core’ and those that are not recommended being referred to as  205 

‘discretionary’ foods and beverages.  In creating the cariogenic diet scale, we have only 206 

scored discretionary foods and beverages. Although some core food and beverages display a 207 

scored level of cariogenicity, they are recommended for consumption in the National 208 

Guidelines so are not included into the scored scale.  This has been incorporated to not 209 

discourage the consumption of core foods necessary for a healthful diet. Table 3 displays all 210 

the core foods measured in our FFQ and the frequency consumption is based on the daily 211 

serves recommended in the AGTHE and IFG (23, 24) There was one exception, with dried 212 

fruit included as part of the cariogenic potential scale, as the nutritional composition of this 213 

fruit could have significant influence on dental decay.  214 

 215 

Table 4 shows all the scored discretionary choice foods.   Never, low, moderate, high and 216 

very high intake of foods and beverages was determined by weekly frequency of 217 

consumption and allocated a value between 0 (never) and 4 (severe). Clinical judgment by a 218 

dietitian along with the AGTHE and IFG recommendations was used to allocate consumption 219 

frequency rating, as consumption frequency is cited as the most closely related factor to the 220 

incidence of dental caries.  A score for each discretionary food and beverage was generated 221 

by multiplying the cariogenicity weighting (2-moderate, 3-high or 4-severe) by the 222 

consumption frequency (0, 1, 2, 3 or 4), see details in Table 4 for the value of consumption 223 

frequency of discretionary choice foods.  For example eating donuts three times a week 224 

would warrant a score of 8, cariogenicity weighting value of 4 (severe) multiplied by a 225 

consumption frequency value of 2. The scores for all discretionary food and beverages were 226 

summed to produce an overall cariogenicity score between 0 and 276 for each child at each 6, 227 

12 and 18 months of age. Where ≥50% of the food and beverage items measured in each 228 

cariogenicity weighting were present, the average score of the other items in the cariogenic 229 

group was used to address missing data. Participants with >50% of the variables missing for 230 

one cariogenicity weighting group were excluded from analysis. Nutella and peanut butter 231 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

 

This article is protected by copyright. All rights reserved 

were combined as one item in the FFQ, and as the cariogenicity of these items differs 232 

markedly, this item was excluded from the analysis.  233 

 234 

Caries Classification 235 

Clinical oral examinations of children in the VicGen cohort were completed at 18 months and 236 

3, 4 and 5 years of age (21). Modified International Caries Detection and Assessment System 237 

criteria (ICDAS II)  were used for caries assessment. ICDAS II  is validated for use with 238 

children and has been shown to be of acceptable validity and reproducibility for 239 

epidemiological and cohort studies (25, 26). In total 259 children completed the final visit at 240 

5 years of age (21). For the current study a series of inclusion criteria were applied to those 241 

259 children, including non-contradictory clinical data collection over all four visits and no 242 

missed data collection visits. After completion of data cleaning, a final cohort of 170 children 243 

was available for analysis. These children were classified into three groups based on their 244 

ICDAS II  scores at 5 years of age: A Healthy group who had no early childhood caries as 245 

determined by ICDAS scores of 0; a Mild-moderate disease group who had one or more 246 

lesions with an ICDAS score of 4 or below; and an Advanced disease group who had one or 247 

more ICDAS scores of 5 or above. 248 

 249 

Analysis 250 

 Simple descriptive statistics (mean, range, standard deviation) were produced for the 251 

cariogenic scale score for all children with data available at age 6, 12 and 18 months.   252 

A one-way ANOVA, with post hoc Tukey test was used to compare the mean cariogenic 253 

scale measured at 18 months between the subsample of children with a caries classification 254 

available at age 5 years (healthy, mild-moderate disease, advanced disease).    255 

 256 

Four hundred and sixty-six mother-child dyads were recruited into the study at baseline, and 258 

retention of participants varied across the second, third and fourth time-points of data 259 

Results 257 
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collection.  A cariogenic scale score was created for 364, 321 and 367 participants at time-260 

points 6, 12 and 18 months respectively. Table 5 shows the characteristics of those children 261 

included in the analysis.  Reasons for non-participation across time-points included 262 

participants moving from the area, loss to follow up, electing to miss a time-point and 263 

withdrawal due to time constraints (21).  264 

At age five years, 170 children were classified into one of three caries groups: Healthy 265 

(n=67), Mild-moderate disease (n=75), Severe disease (n=33). Table 6 outlines the 266 

characteristics of these three groups.  The mild-moderate disease group had a higher 267 

proportion of children from disadvantaged areas than the healthy or advanced disease groups.   268 

Cariogenic potential of the diet 269 

The mean cariogenic scores of the diets of children increased across each time-point: 6 270 

months: 10.05 (sd: ±12.93, range 0-78); 12 months: 34.18 (sd: ±18.74, range 0-117) and 18 271 

months: 50.00 (sd: ±18.31, range 8-126). The cariogenicity score was positively skewed at 272 

the 6 month time-point.  At the 12 and 18 month time-points the children had a normal 273 

population distribution.  Figures 1, 2 and 3 show the frequency distribution of cariogenic 274 

scores across the three waves of data collection.    275 

Cariogenicity and caries outcome 276 

The mean cariogenic scale score at age 18 months was significantly higher in children at age 277 

5 years in the Advanced disease group who had a mean cariogenic scale score of 59.0 ± 15.9 278 

compared to those in the Healthy group who had a mean score of 47.7 ± 17.5 (p = 0.007) or 279 

those in the Mild-moderate disease group who had a mean score of 48.2 ± 17.3 (p = 0.000). 280 

There was no difference in mean cariogenic scale score between the Healthy and Mild-281 

moderate disease groups (p = 0.985).  282 

 283 

This paper has created an evidence informed cariogenic diet scale through a review of current 285 

literature of anti-cariogenic and cariogenic nutrient properties to enable classification of food 286 

and beverages into ten scored categories of cariogenicity. Through combining these scores of 287 

cariogenicity with food and beverages consumption frequency we were able to produce an 288 
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overall cariogenic potential score (0-276) for each child in the VicGen birth cohort study 289 

across three time-points; 6, 12 and 18 months and map the score at 18 months to caries 290 

outcome at 5 years of age.  291 

 292 

This scale has built upon previous work in that it takes into account the combined influences 293 

of nutritional composition, frequency and the anti-cariogenic and cariogenic properties of 294 

foods, which previous cariogenic work has not. Previous research has not collated a diet’s 295 

worth of food and beverages and the methodology regarding the creation of scales and 296 

literature included is limited. Additionally, these studies did not record if they had used 297 

validated dietary measures and had not followed participants from birth therefore lacked 298 

longitudinal data, particularly of early dietary habits (6-8).  299 

 300 

This scale provides a method for tracking how children’s diets change in relation to their 301 

cariogenicity from birth into early childhood. It was expected the diets of these children 302 

would became increasingly cariogenic with age, as a wider variety of foods and beverages are 303 

introduced. At six months when foods are first introduced, the cariogenicity of children’s 304 

diets was low and positively skewed, explained by the relatively small variety of foods and 305 

beverages children were consuming. By 12 and 18 months the scores produced a normal 306 

population distribution and the curve increased in cariogenicity from the 12 month to the 18 307 

month time-points. As the score of cariogenicity only measures discretionary food and 308 

beverages, those not recommend for a healthful diet, this supports previous research findings 309 

that have shown the introduction of discretionary foods and beverages is occurring from a 310 

very young age, in the case of our work, as early as age 6 months and is increasing quickly 311 

(12, 27-29).  312 

 313 

Children who developed advanced disease by age five years, had a mean scale score 314 

approximately 10 points higher at age 18 months than those children who were either healthy 315 

or had mild/moderate disease at age five years. Interestingly, those that were deemed healthy 316 

and those with mild/moderate disease had a similar scale score at age 18 months. These 317 
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results suggest that the scale may be more useful as a predictor of children on a path to severe 318 

disease, rather than mild disease.  319 

 320 

Evidence relating to the timing of children’s diets becoming cariogenic and the specific foods 321 

and beverages being consumed is important for population health interventions as it helps to 322 

identify the time-point(s) at which health promotion information and intervention should be 323 

targeted for optimum effectiveness. As seen in this work, diet cariogenicity increases between 324 

6 and 12 months of age and by age 18 months there is a much higher intake of discretionary 325 

foods and thus cariogenicity. This highlights the need for intervention prior to the age of 12 326 

months of age in order to combat the effect these foods may have on current and future oral 327 

health.   328 

 329 

This work has focused on giving a deeper exploration into dietary factors and their role in 330 

caries development outside the generally well known ‘dental decay promoting’ foods like soft 331 

drinks and lollies. This work has provided a picture of the distribution of the cariogenicity of 332 

the diet across a population and how increasingly cariogenic children’s diets are becoming at 333 

a very young age.  334 

 335 

In conclusion the scale provides a useful advance to the assessment and analysis of the 336 

cariogenicity of the diet within the context of epidemiological studies, particularly for young 337 

children. It does this by offering a continuous diet cariogenicity score with the prediction of 338 

dental caries as the outcome measure. 339 

 340 

This scale is able to give an estimate of the cariogenicity of certain foods, but within the 342 

context of a diet where foods are consumed together it is possible that there will  be some 343 

combinations that will  exert a protective effect. If  cheese, an anti-cariogenic food, is 344 

consumed at the same time as muffins, a severe cariogenic food, then the cheese will  exert its 345 

protective effects thereby reducing the demineralization that would have occurred by just 346 

Limitations 341 
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eating a muffin alone. However we have only collected information on frequency rather than 347 

the time of day and combination of foods and beverages. Additionally milk, infant formula 348 

and breast milk while being anti-cariogenic to low cariogenicity, if  left to pool in the mouth 349 

when a child goes to bed with a bottle or falls asleep on the breast can become highly 350 

cariogenic. With a slowed saliva flow rate and although only containing lactose, this is still a 351 

sugar which will  promote decay. Again as we have not collected when foods and beverages 352 

have been consumed it is behind the scope of this paper to include.  353 

 354 

The dietary measures included in the scale do not include fats and oils however as they are 355 

not involved in the direct caries process this has little to no impact. In this study, peanut 356 

butter and Nutella were grouped together and chocolate and lollies were grouped together 357 

however the cariogenicity of each product varies. As a result we excluded nutella and peanut 358 

butter from the analysis, however included chocolate and lollies and allocated them as 359 

‘severe’ based on the nutritional profile of lollies, therefore we may be slightly over-360 

estimating the contribution of this combined item to the index score. 361 

 362 

Importance for paediatric dentists 363 

• This cariogenic diet scale provides a useful non-invasive method to predict the 364 

development of early childhood caries by measuring consumption of "discretionary" 365 

foods and beverages providing a useful indication of the increasing cariogenicity of 366 

children's diets with age.   367 

• As the score of cariogenicity only measures “discretionary” food and beverages, this 368 

supports previous research findings that have shown the introduction of discretionary 369 

foods and beverages is occurring from a very young age.  370 

• Evidence highlighting the timing of children’s diets becoming cariogenic and the 371 

specific foods and beverages being consumed is important for population health 372 

interventions as it helps to identify the time-points at which health promotion 373 

information and intervention should be targeted for optimum effectiveness. Paediatric 374 

dentists are in an optimal position to provide information and intervention prior to the 375 
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development of caries and to combat the effect these foods may have on current and 376 

future oral health. 377 

 378 
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Table 1: Cariogenic and anti-cariogenic properties of macro and micronutrients influencing the development of dental caries 515 

Nutrient  Description Cariogenicity 

status 

Cariogenic or anti-cariogenic properties   Types of foods 

Dietary sugars: 

Sucrose, Fructose 

and Glucose  

All dietary carbohydrates 

(CHO) 

• Sucrose is made up of 

fructose and glucose. 

Can be naturally found 

or added to foods. 

• Fructose also known as 

fruit sugar  

• Glucose is also referred 

to as blood sugar  

Cariogenic  

 

 

• These are fermentable CHOs, metabolised by oral 

bacteria studies however indicate sucrose is the 

preferred source for MS (17, 30, 31) 

• Sucrose is a specific substrate for the synthesis of 

glucans which promote attachment of MS to teeth and is 

readily fermented by saccharolytic plaque bacteria (17, 

30-32) 

• All these sugars facilitate the adherence of dental plaque 

to the enamel of teeth (3) 

 

Sucrose is added to 

baked goods lollies, roll 

ups, soft drink. Sucrose 

is found naturally in fruit 

and vegetables.  

Fructose is found 

naturally in fruit and 

honey. Glucose is found 

in all CHO foods   

Lactose  Also known as milk- 

extrinsic sugar, most 

commonly found in dairy 

products. 

Cariogenic  • Least cariogenic of the common CHO (33-35) 

• In dairy products becomes of lower carcinogenicity due 

to the protective components of calcium, phosphate and 

casein (36-39) 

Milk, yoghurt and 

cheese 
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Extrinsic sugars Found freely in food or are 

added during cooking and 

processing  

Cariogenic  • More readily available to be fermented by oral bacteria 

thus are more cariogenic than intrinsic sugars (16, 40, 

41) 

• Can be released from foods through cooking and 

processing making them more cariogenic.  

Cakes, biscuits, stewed 

and dried fruits, fruit 

juice, lollies 

Intrinsic sugars Sugars naturally found 

within the cellular structure 

of foods  

 

Cariogenic  • Evidence suggests these sugars pose little threat towards 

development of caries (16, 40-42) 

• They are within the cellular structure of foods thereby 

are less bioavailable to oral bacteria than extrinsic 

sugars  

Fruit, vegetables  

Starches 

(processed) 

Plant cells store glucose as 

starches which are long, 

branched and unbranched 

chains of glucose molecules  

 

Cariogenic  • Starch undergoes gelatinization through cooking or 

processing increasing fermentability. Gelatinized 

starches are more susceptible to breakdown by enzymes 

and therefore bio-available for bacterial acid production 

(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) 

Cakes, biscuits, 

puddings, muffins, 

potato chips, savoury 

crackers spreads and 

bread.   
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• The combination of sucrose and starches can induce 

rapid and prolonged pH drops. Starches increase the 

availability of fermentable carbohydrates as a result of 

starch itself acting as a co-cariogen through promoting 

the retention of foods with lower levels of sugar to the 

teeth (1, 13, 15, 34, 46-48) 

Starches 

(unprocessed) 

• Non-processed and raw starches have little to no effect 

on the development of dental caries (13, 34, 42, 45, 49, 

50) 

Grains (wheat, rice) 

legumes and root 

vegetables (potato, 

sweet potato) 

Protein  Proteins are a vital 

structural and working 

substance in all cells  

Anti-cariogenic   • Display anti-cariogenic properties and are protective 

against demineralization (38, 49) 

• Many oral bacteria can metabolise some amino acids in 

protein to produce alkali, thereby raising plaque pH  

(11) 

• Casein, milks most abundant protein stabilises calcium 

and phosphate producing a saturated solution that 

prevents demineralisation and promotes 

remineralisation of tooth enamel (36, 51) 

Eggs, meat, nuts, milk, 

yoghurt, cheese  
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Fat  Fat refers to the class of 

nutrients known as lipids. 

This include triglycerides 

(fats and oils), 

phospholipids and sterols  

Cariostatic  • Free fatty acids (FFA) may coat teeth, physically 

decreasing amount of fermentable carbohydrate.  

• Fats may also accelerate oral clearance of food particles 

thereby reducing the time available for bacterial 

metabolism to occur  (52, 53) 

Oil, butter, nuts, meat, 

dairy products 

Water   Cariostatic   • Helps wash away particles of food and reduces the 

amount of substrate that bacteria can ferment (54) 

Water  

Calcium  The most abundant mineral 

in the body and one of the 

most important components 

of teeth  

Anti-cariogenic  • Critical in development of tooth enamel in children and 

diffuses into the enamel of the tooth and re-mineralizes 

it  (54) 

• Increases calcium concentration in plaque which 

inhibits demineralization. Calcium in milk exhibits 

protective effects even in the absence of proteins, 

lactose, fat and casein (36, 37)  

Milk, cheese, yoghurt, 

almonds, soy products 

Fluoride  A protective mineral 

involved in tooth health  

Anti-cariogenic  • During the mineralization of teeth, calcium and 

phosphate form crystals called hydroxyapatite. Fluoride 

replaces the hydroxyl (OH) ions of hydroxyapatite 

crystal forming fluorapatite which makes teeth more 

Fluoridated tap water, 

infant formula, tea  
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resistant to acid challenge (42) . Fluoride inhibits 

bacterial metabolism of sugars thus decreasing acid 

production by bacteria and decreasing enamel 

demineralization (16, 42) 

• Fluoride supplementation has been shown to reduce the 

cariogenic effect on foods/beverages (55) and public 

water fluoridation has been proven to reduce caries 

prevalence worldwide (56, 57).  

Phosphate A protective mineral in 

tooth health  

Anti-cariogenic  • Calcium requires phosphate to maximise its ability to 

form hydroxyapatite or fluorapatite (54, 58) 

 

Meat, eggs, milk and 

fish. 

Alternative 

sweeteners also 

known as sugar 

alcohols   

Main ones are xylitol, 

sorbitol, mannitol maltitol, 

lactitol and hydrogenated 

starch hydrolysates 

Cariostatic or 

anti-cariogenic  

• These sweeteners are slowly metabolised by oral 

bacteria and so are usually considered non cariogenic 

(2, 13) 

•  Xylitol however is not fermented by oral bacteria and 

has anti-cariogenic properties. In the Turku studies 

caries increment reduced in relation to xylitol 

consumption (2) 

Chewing gum, sugar 

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

 

Foods in the Food 

Frequency 

Questionnaire

  

1 

Cariogenic  

score and 

rating  

Nutrient Composition  Additional 

properties: 

Retention (R) 

and Acid content 

(A) 

Un- 

processed  

starch  

Processed 

starch  

Sugar per 

100g 

Fat and 

Protein  

Protective nutrients; 

Calcium (Ca), Fluoride 

(F), Phosphorus (P)2 

 

Eggs, Nuts, Luncheon 

meats, Meat/Fish, 

Water, Tea or coffee, 

Herbal drinks/tea, 

Non fluoridated water  

0-

Cariostatic  

These foods don’t 

contain starch   

None  Majority of 

composition   

Minimal amounts  

< 50mg/100grams - Ca  

<  0.1mg/L-F 

R- low  

A- low  

 

Milk, Cheese, 

Fluoridated water 

0-Anti-

cariogenic  

These foods don’t 

contain starch  

Primarily 

lactose 

and <5g 

Majority of 

composition   

Significant source: 

>120mg/100grams – Ca 

and/or 

> 300mg/100gram – P 

R-low 

A- low 
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and/or  

>0.6-mg/L- F 

Infant formula, Breast 

milk, Yoghurt 

(unsweetened) 

1-Low  

(milk 

based) 

Minimal   Minimal  6-10g Majority of 

composition  

Moderate to high: 

30-120mg/100grams – 

Ca 

and/or 

> 100mg/100gram – P 

and/or  

>>0.6mg/L - F  

R-low 

A-low 

 

Vegetables, Potato 

Noodles/Pasta, 

Rice/Couscous, Fresh 

Fruit, Soup, Peanut 

butter, Cereals 

(unsweetened)  

1-Low 

(non-milk 

based) 

Low  to 

high  

None  

 

1-10g Low to high  

amounts  

Minimal amounts: 

< 50mg/100grams - Ca  

< 0.1mg/L- F 

<100mg/100grams -P 

R-low to 

moderate  

A- low to 

moderate  

 

Banana 

 

2- 

Moderate  

(fresh) 

Moderate  None  11-20g Low 

amounts  

Minimal amounts: 

< 50mg/100grams - Ca  

<  0.1mg/L -F 

R-moderate  

A-low  
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<100mg/100grams -P 

Bread, Cereals 

(sweetened), -

, Baked 

beans, Soup, Ready to 

eat baby foods, 

 Stewed fruit , 

Yoghurt (sweetened)  

2- 

Moderate 

(processed 

and added 

sugars) 

Low to 

moderate   

Low to 

moderate   

11-20g Low to 

moderate 

amounts  

Low to moderate sources 

of calcium and 

phosphate

 

3 

0-120mg/100grams of 

Ca 0-200mg/100grams P 

R-low to 

moderate  

A- low 

 

 

3- High 

(liquids) 

 

 

Minimal   10-15g  Very low fat 

and protein  

Trace amounts: 

<10mg/100gram for Ca 

and P. 

R-low 

A-moderate to 

high 

 

3- High 

(foods) 

Minimal  High 

amount 

>50% 

starch 

1-5g  Low to 

moderate 

amounts  

Minimal amounts  

< 50mg/100grams - Ca  

<  0.1mg/L -F 

<100mg/100grams -P 

R-high  

A-low 
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 5

4- Severe 

(very high 

sugar) 

 

 

Low  >50g Minimal 

amounts  

Trace to minimal 

amounts : 

<50mg/100gram for Ca 

and P

R- high  

4 

A-low to 

moderate  

 

 

4- Severe 

(high sugar 

highly 

processed 

starch)  

Unlikely to 

contain 

these  

>15g 

 

>20g Low to 

moderate 

amounts  

Minimal amounts 

< 50mg/100grams - Ca  

<  0.1mg/L -F 

<100mg/100grams -P 

R- very high  

A- Low  

 

1Bold indicates a discretionary choice food/beverage and italics a core food/beverage 2Foods high in phosphate also need to be high in calcium to 

exert the protective effects. 3 Dairy and cereal based products; Custard, ice-cream, flavoured milk, sweetened yoghurt, cereals and bread/rolls 

will be a moderate source 70-120mg/100grams of Ca and 50-200mg/100grams P however due to higher sugar content they are placed as 

moderate cariogenicity. 4Nutella contains 130mg/100grams and phosphorus 190mg/100grams however normal serving size is 20grams – 

adhering to these ranges.5

 

AGTHE recognises dried fruit should not be consumed everyday  recommending to only have this occasionally 

therefore has been included in the scored scale.  
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Table 3: Cariogenic Diet Scale non-scored core foods and beverages recommended by the Australian Guide to Healthy Eating (AGTHE) (23) 

and Infant Feeding Guidelines (24) for a Healthful diet  

Level of cariogenicity Weight  Included foods  
Consumption frequency of Core Foods based 

National Nutrition Guidelines 

Cariostatic  0 Eggs, Nuts, Luncheon meats, Meat/ fish, non-

fluoridated water  
7/week 

Anti-cariogenic 

0 

Fluoridated Water  All day 

Cheese Milk (full and low fat)1 Un-sweetened 

yoghurt2 
7-14/week 

Low cariogenicity (milk based) 1 Infant formulab1 Breast milk1 Determined by mother  A
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1Milk, breast milk and infant formula are anti to low cariogenicity however if left to pool in the mouth when saliva flow is low in the case of 

taking a bottle to bed or falling asleep on the breast these can be highly cariogenic. As we do not measure when foods are consumed it is behind 

the scope of this paper to incorporate this into the scale; 2Yoghurt and cereals were not defined as sweetened or unsweetened in our FFQ. The 

sweetened varieties are more cariogenic due to the sugar content so have been separated into different scores of cariogenicity. The AGTHE 

recommends choosing low sugar varieties. 3

 

Banana has been defined as moderate cariogenicity compared to fresh fruit due to its sugar 

composition and creamier texture increasing its cariogenicity 

Low cariogenicity (non-milk 

based) 

1 Vegetables, Potato    7-14/week 

Noodles/ pasta, Rice/Couscous, Unsweetened cereal2 14-21/week 

Fresh fruit 7-14/week 

Peanut butter, Soup Determined by mother   

Moderate cariogenicity (fresh) 2 Banana3 7-14/week  

Moderate cariogenicity 

(processed and added sugar)  

2 Sweetened cereals2 Bread  7-14/week        

Baked beans, Ready to eat baby food, stewed fruit  7-14/week  

Sweetened yoghurt2 7/week  
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Table 4: Cariogenic Diet Scale scored discretionary foods and beverages not recommended by the Australian Guide to Healthy Eating and Infant 

Feeding Guidelines  

   Consumption frequency of discretionary choice foods 

Level of cariogenicity  Weight  Included foods  Never (0) Low  (1) Moderate (2)  High   (3)  Severe (4) 

Moderate cariogenicity 

(processed and added 

sugar) 

2 Ice cream, Custard, Flavoured 

milk , Hot chips 

Never 

  

  

>0-6/ 

week 

  

7-13/ week 

  

14-21/ 

week 

  

  

 ≥22/ week 
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High cariogenicity 

(liquids) 

3 Fruit juice, Cordial, Soft drink, 

Jelly 

Never >0-1/ 

week 

2-3/ week 4-6/ week ≥7/ week 

High cariogenicity 

(foods) 

3 Potato chips, Savoury biscuits/ 

crackers 

Never >0-2/ 

week 

3-6/ week 7-13/ week   ≥14/ week 

Severe cariogenicity 

(very high sugar) 

  

4 Jam/honey, Lollies/ 

chocolates1, Dried fruit, 

sweetened condensed milk 

Never 

  

  

  

  

  

>0-2/ 

week 

  

  

  

  

  

3-6/ week 

  

  

  

  

  

7-13/ week 

  

  

  

  

  

14+/ week 

  

  

  

  

  

Severe cariogenicity (high 

sugar highly processed 

starch) 

4 Muesli bars/ fruit sticks/ roll 

ups, puddings, cakes/muffins, 

donuts, sweet biscuits 

TOTAL SCORE  0    276 

 

1 Chocolate /Lollies are grouped together in the FFQ therefore they were allocated to the higher level of cariogenicity A
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Table 5: Demographic profile of participants in the VicGen cohort study across three 

time-points of data collection. 

 6 months 12 months   18 months    

n 377 330 387 

Data available for creation of scale score  364 326 367 

Child age in months (mean, ± sd) 7.64 

(±1.26) 

13.08 (±1.30) 19.85 (±2.34) 

Child Female  48.35% 47.24% 47.14% 

Location    

Metropolitan 63.19% 58.28% 61.58% 

Regional 12.64% 14.11% 13.08% 

Rural 24.18% 27.61% 25.34% 

SEIFAª 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 

English at home 

21.15% 18.718% 21.25% 
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Possess health care card 35.16% ᵇ 30.67% 33.51% 

Mothers highest post school 

qualification 

   

None 19.56% 17.79% 18.31% 

Certificate or apprenticeship or diploma  41.05% 39.96% 40.44% 

Degree or postgraduate degree 39.39% 43.25% 41.26% 

ªSocio-Economic Index for Areas - lower score most disadvantaged, higher least 

disadvantaged (based on baseline responses); ᵇ

 

Means tested card for low-income 

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

 

 

Healthy Mild-moderate 

disease 

Advanced 

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) 

SEIFAª disadvantage      

Quartile 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 disadvantaged)  3 (4.5) 4 (5.3) 4 (3.0) 

Mother speaks language other than 

English at home 

14 (20.9) 7 (9.3) 4 (12.2) 

Possess health care card  ᵇ   
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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) 

Mothers highest post school 

qualification 

   

None 11 (16.4) 7 (9.3) 4 (12.1) 

Certificate or apprenticeship or diploma  23 (34.3) 33 (44.0) 11 (33.3) 

Degree or postgraduate degree 32 (47.8) 35 (47.0) 17 (51.5) 

Missing 1 (1.5) -  1 (3.0) 

Cariogenic scale score at age 18 months    

Data present, n (%) 65 (97.0) 72 (96.0) 33 (100) 

Data missing, n (%) 2 (3.0) 3 (4.0) - 

Scale score, mean [sd] 47.7 [17.

5] 

48.2 [17.3] 59.0 [15.9] 

ªSocio-Economic Index for Areas - lower score most disadvantaged, higher least 

disadvantaged (based on baseline responses); ᵇMeans tested card for low income 

earners entitling holder to concessions on certain services. 
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