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Overview
This course is part 4 of a 10-part series entitled 
Caries Process, Prevention, and Management. 
Dietary carbohydrates are an essential and 
modifiable component of the caries process. In 
this course, the caries process is defined, and 
the science supporting the role of fermentable 
carbohydrates in the caries process is 
discussed. How dietary behaviors influence the 
length of carbohydrate exposure to increase or 
decrease caries risk is also described. Chairside 
dietary screening for caries, counseling 
strategies, and referrals for in-depth dietary 
counseling are presented.

Learning Objectives
Upon the completion of this course, the 
dental professional should be able to:
•	 Describe the caries process.
•	 Identify the role of fermentable 

carbohydrates in the caries process.
•	 Describe how dietary behaviors impact 

caries risk.
•	 Identify fermentable carbohydrates within 

food groups and their relative cariogenic 
potential.

•	 Screen patients for diet-related caries risk 
and provide appropriate counselling.

Introduction
Dental caries was identified by the National 
Institute of Health’s 2021 Oral Health in 
America report as the most prevalent chronic 
disease in children and adults.1 The Oral 

Health Surveillance report (2017-2020) reported 
that 11% of children aged 2-5 years, 17% of 
children aged 6-9 years, 10% of adolescents 
12-19 years, and 21% of adults aged 20-64 
years had untreated caries.2 Individuals of 
minority racial or ethnic backgrounds and/
or living in poverty have higher rates of caries 
experience (untreated, filled, missing teeth) 
across the lifespan.2 Untreated caries can lead 
to pain, tooth loss, compromised dietary intake, 
missed school and work, and lower quality of 
life. Understanding the role of fermentable 
carbohydrates in the caries process enables the 
oral health care practitioner (OHCP) to screen 
patient’s diets for diet-related caries risk and 
provide appropriate counseling or referrals.

The Dental Caries Process
The classic Keyes model suggests that dental 
caries result from bacterial fermentation of 
carbohydrates at the tooth surface (Figure 1). 
Acid produced as a byproduct of fermentation 
erodes the enamel in a site-specific manner. 
The removal of the outer mineral component 
of the enamel is termed demineralization. 
Between periods of acid production leading to 
demineralization, minerals including fluoride 
from saliva, the diet, and/or water are added 
back to the enamel. The uptake of minerals into 
the enamel tissue is called remineralization. 
The development of a carious lesion reflects 
an imbalance between demineralization 
and remineralization when mineral removal 
outpaces mineral uptake. A cavity is formed 
when sufficient enamel is removed to create a 
hole.

Figure 1.  Classic Keyes model.
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The oral microbiome refers to the diverse 
community of microorganisms that live within 
the oral cavity. The presence of caries reflects 
a loss of healthy bacteria and an increase in 
cariogenic bacteria. S. mutans were initially 
thought responsible for the caries process. 
However, our current understanding suggests 
that S. mutans is one of several bacteria 
responsible for the initiation of caries, and 
a host of bacteria and fungi support the 
progression of the caries process.3 The bacterial 
composition of the oral microbiome changes 
throughout the caries process. Oral hygiene 
behaviors including brushing and flossing 
disrupt the oral microbiome, and fluoride 
can both interfere with bacterial growth and 
remineralize the tooth surface.

The tooth is composed of several layers – the 
inner pulp, the dentin, and the outer enamel 
surface. Although the enamel is relatively 
inert once it’s developed, the enamel is 
susceptible to insults during development. The 
insults can increase susceptibility to bacterial 
colonization and/or bacterial acid attack. Enamel 

hypoplasia and hypomineralization are enamel 
defects associated with vitamin A, vitamin D, 
calcium, and phosphorous deficiencies and/
or other environmental exposures during 
tooth development.4 Lower maternal serum 
concentrations of vitamin D have been 
associated with early childhood caries in their 
infants at one year of age (Figure 2).5 Lower 
overall diet quality and/or malnutrition have 
been also associated with an increased risk of 
severe early childhood caries.6-8

Caries is a diet-dependent disease; without 
fermentable carbohydrates, caries do not occur. 
While sugars are the primary substrate for oral 
bacteria, starches are also fermentable with 
modified starches more easily fermented. The 
nature of carbohydrate might influence the 
length of time the carbohydrate spends in the 
mouth. For example, baked starches with sugars 
are considered more cariogenic than either 
starches or sugars as they are more retentive. 
The form (i.e., liquid vs. solid) or texture (i.e., 
processed snack foods) of the carbohydrate 
might also influence the time spent in the 

Figure 2.  Prenatal vitamin D & ECC5
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demineralizes the enamel and/or dentin during 
the caries process. The extent to which acid is 
produced during fermentation of foods with 
different macronutrient compositions, meal 
patterns, or intake sequences can be identified 
and compared using plaque pH studies. Based 
on the assumption that acid produced by oral 
bacteria causes caries, the acid produced during 
fermentation can be quantified and the fall 
in plaque pH reflects the cariogenicity of the 
test food. The pH gradually returns to normal 
following removal of the acid through salivary 
clearance or buffering. The Stephan curve, the 
plot of the pH of plaque over time, allows the 
visualization of the food’s cariogenic potential 
(Figure 3).11 The critical pH is defined as the 
pH above which remineralization occurs, and 
below which demineralization occurs. Although 
individual critical pHs vary, the critical pH is 
generally defined as a pH of 5.5.

Plaque pH studies have been used to confirm 
that sugars are readily fermented by oral 
bacteria. Fibrous foods that require chewing 
increase the rate of acid removal and reduce 
caries risk. The impact of the carbohydrate form 
on the critical pH has also been determined. For 
example, Naval et al investigated the differences 
in plaque pH in response to different beverages 
following a sugary snack (Figure 4).12 First, they 
had subjects eat or drink a sugared cereal, a 
10% sucrose solution (positive control), or a 
10% sorbitol solution (negative control). The 
subject’s plaque pH fell in response to the 
sugared cereal and sucrose challenges, but 
not the sorbitol solution. Navel et al then had 
the subjects drink whole milk (mixed protein, 
carbohydrate, fat), 100% apple juice (all sugar) 

mouth, particularly if the composition is sticky.
When considering caries risk, we often talk 
about the frequency or quantity of carbohydrate 
intake. However, the length of exposure to the 
carbohydrate is more relevant to caries risk. 
Exposure is a function of the frequency and 
duration of the eating or drinking event. For 
example, a 12 oz sugar sweetened beverage 
might be consumed in 20 minutes or over 
four hours. While it’s the same quantity and 
the same frequency, the exposure times are 
very different. Individuals with oral motor skill 
deficiencies that result in pocketing of foods 
and/or reduced clearance might have extended 
exposure times which increases their caries risk.

Dietary Carbohydrates
Carbohydrates, which include sugars, starches, 
and fibers, are macronutrients (i.e., nutrients 
consumed in large quantities – fat, protein, 
carbohydrates, and water), provide 4kcal/gram, 
and are naturally present in fruits, vegetables, 
grains, and dairy foods. The term fermentable 
carbohydrates refer to sugars and starches that 
are metabolized by oral bacteria to produce 
acid. From a chemical perspective, fermentable 
sugars are categorized as mono- (i.e., fructose, 
glucose, and galactose) or di-saccharides (i.e., 
sucrose, maltose, and lactose). Starches are 
composed of long chains of glucose. The food 
industry hydrolyzes starches to produce short 
glucose chains for functional and/or sensory 
properties; the resulting modified starches are 
more cariogenic than the original starches. 
More complete hydrolyzation followed by 
isomerization results in high fructose corn 
syrup (HFCS) which is used as a sweetener in 
processed foods. Finally, the term ‘added sugars’ 
refers to sugars that are added to foods during 
production, by the home cook, or at the point 
of consumption. Similarly, ‘free sugars’ refers to 
sugars added to foods and beverages as well 
as those naturally present in honey and fruit 
juices. Both the United States Department of 
Agriculture’s Dietary Guidelines for Americans 
and the World Health Organization recommend 
limiting added and free sugars, respectively, to 
less than 10% of total energy intake.9,10

Science Supporting the Role of Dietary 
Carbohydrates in the Caries Process
Stephan Curve
Acid produced by oral bacteria during 
fermentation of carbohydrates dissolves or 

Figure 3.  The Stephan Curve11
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Hopewood House Study
The Hopewood House was a home in rural 
South Whales, Australia that provided care 
for economically deprived children from 
birth through 12 years of age in the 1950s.13 
While living in Hopewood House, the children 
consumed a lacto-ovo vegetarian diet with 
emphasis on whole grains and raw vegetables. 
Sugars and refined starches were quite limited. 

or tap water after eating the sugared cereal 
(Figure 5).12 The pH returned to normal faster 
after milk consumption, followed by water, and 
finally juice. Similar plaque pH studies have 
been used to confirm that oral bacteria are 
unable to metabolize saccharine, aspartame, 
acesulfame K, or sugar alcohols. As the low/no 
calorie sweeteners are not acidogenic, they are 
not cariogenic.

Figure 4.  In vivo mean plaque pH after participants rinsed with sucrose or sorbital or consumed Froot Loops 
(Kellog’s, Battle Creek, Mich.).12

Figure 5.  In vivo mean plaque pH after participants consumed Froot Loops (FL) (Kellog’s Battle Creek, Mich.) 
followed by FL and whole milk (FL/milk), FL and 100% apple juice (FL/juice) or FL and tap water (FL/water) (n=20). 
The solid arrow indicates two minutes after complete consumption of FL. The dotted arrow indicates the time of 
beverage consumption.12
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While in residence at Hopewood House, the 
caries prevalence of children was much lower 
than that observed in children attending state 
schools consuming a diet containing sugars 
and refined starches (Figure 6). At 12 years, 
the children moved out of Hopewood House 
and adapted the diet of the local community 
at which time their caries incidence paralleled 
that of their peers attending the state schools. 
This study suggests that teeth do not acquire 
permanent protection against dental caries.

Vipeholm Study
How exposure to retentive and nonretentive 
sugars both at and between meals influences 
caries risk was explored at a hospital setting in 
Vipeholm, Sweden in the 1940s.14 The hospital 
was divided into 12 separate wards preventing 
sharing of the different diets between subjects. 
Subjects within a ward were provided various 
carbohydrate containing foods (i.e., breads, 
toffee, caramel, sucrose); access was provided 
at meals or both at and between meals (Figure 
7). Caries incidence was higher for sweets 
proved both at and between meals than when 
provided at meals only.

Sugars Intake
In 2014, Moynihan and Kelly published a 
systematic review sponsored by the World 
Health Organization (WHO) identifying the effect 
of restricting sugars intake on caries in adults 
and children.15 The authors sought to identify 
all randomized clinical trials and observational 
studies published since 1950 exploring effects 
of individual sugars (i.e., sucrose) and/or sugar 
categories (i.e., added sugars, total sugars) on 
dental caries. Specifically, they were interested 
in the effect of lowering sugars intakes as well 
as the effect of sugars intakes below 10% of 
energy intakes in both adults and children. They 
reported that dental caries are lower when 
free-sugars intakes are less than 10% of energy 
intake across the lifespan. Following Moynihan 
and Kelly’s publication, the WHO recommended 
limiting free sugars intakes to less than 10% of 
energy intakes to reduce risk of caries.10

Sugar-sweetened Beverages (SSB)
OHCP have long used the terms ‘nursing bottle 
caries’ and ‘Mt Dew mouth’ to refer to dental 
caries specifically associated with extensive 

Figure 6.  Adapted from: Harris R. The 
biology of the children of Hopewood House13

Figure 7.  Adapted from: Gustafsson BE, 
et al. The Vipeholm dental caries study; the 
effect of different levels of carbohydrate 
intake on caries activity in 436 individuals 
observed for five years.14
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bottle use by infants and SSB intakes in older 
children and adults. In both disease processes, 
the anterior maxillary teeth experience 
significant decay often requiring extraction. In 
2003 Marshall et al investigated associations 
among age 1-5 year beverage intakes, dairy food 
intakes, nutrient intakes, and overall diet quality 
and 5 year caries experience in participants 
of the Iowa Fluoride Study.16 They reported 
that high intakes sugar-sweetened soda-pop 
intake and beverages made from powders 
were associated with increased caries.16 They 
subsequently explored the meal or snack timing 
of individual beverages and reported that daily 
intakes of sugar-sweetened soda pop, but not 
100% juice or milk/formula were associated 
with dental caries at 5 years of age.17 More 
recently, they explored the effect of age 1-17 
year beverage intakes on caries at age 17 while 
controlling for fluoride intake, toothbrushing, 
sex, and socioeconomic status. They reported 
that each additional 8 oz of daily SSB increased 
the expected decayed, filled, surface attack 
rate (i.e., caries experience adjusted for tooth 
surfaces; DFSAR) by 42%, while each additional 
8 oz of daily juice or water/sugar free beverage 
decreased expected DFSAR by 53% and 29%, 
respectively (Figure 8).18 It is unclear why juice 
which contains sugars is not associated with 
increased caries in this study; however, multiple 
other investigators have reported similar 
findings.19,20

Starches
Foods items composed primarily of starch 
include plain potatoes, rice, pasta, and some 
breads. Oral bacteria can metabolize starches to 
sugars in the mouth; however, the length of time 
required is extensive. Thus, pure starches are 
not considered cariogenic. Palmer et al reported 
that intakes of ‘low cariogenic’ foods including 
rice, pasta, cooked vegetables, milk, fresh fruit, 
and unsweetened yogurt were similar between 
children with and without early childhood 
caries.21 Marshall et al similarly reported that 
primarily starch foods consumed at snacks did 
not increase caries risk while those consumed at 
meals were associated with a lower caries risk 
in young children.17 On the other hand, Palmer 
reported that processed starches (i.e., breads, 
chips, crackers and sweetened cereals) were 
associated with an increased caries risk.21

Frequency of Intake
Evaluation of Stephan curves tracking 
individual or multiple eating events suggests 
that the plaque pH requires about 30-60 
minutes to return to normal levels following 
an eating event. Thus, prolonged snacking 
and/or multiple eating events are thought 
to increase caries risk. Palmer reported that 
children with early childhood caries consumed 
foods and beverages more frequently than 
children without caries (Figure 9).21 Marshall 
reported that increased snacking at ages 
1, 2, 3, and 4 years of age were associated 
with increased caries risk at 5 years of age.17 
Secular dietary patterns have devolved in 
recent times with many individuals having 
unstructured eating patterns. Unstructured 
eating has been associated with an increased 
caries risk.22

Figure 8.  Marshall’s Age 17 Study18
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Food Composition
We do not typically eat macronutrients in 
isolation; rather, we eat foods composed of 
macronutrients. Translation of caries science 
to clinical practice requires a thorough 
understanding of caries risk associated 
with macronutrients and macronutrient 
composition of foods (Figure 10). Proteins and 
fats are not subject to fermentation by oral 
bacteria, and therefore, are not cariogenic. 
Proteins and fats accompanied by calcium 
might have beneficial effects as the calcium 
could remineralize enamel or dentin. The 
likelihood of oral bacteria fermentation 
determines the individual carbohydrate risk. 
Complex carbohydrates are of limited caries 
risk, processed starches are of significant 
caries risk, and sugars and baked starches 
with sugars are of high caries risk. It is worth 
noting that the carbohydrate’s origin is not 
relevant to caries risk; oral bacteria do not 
distinguish natural or organic sugars. Thus, 
organic honey and/or raw sugar are highly 
cariogenic.

Most foods are composed of mixed 
macronutrients. The presence of fat and/
or protein within a food or consuming foods 
high in fats/proteins as part of mixed meals 
can reduce the caries risk associated with 
carbohydrates. When evaluating the caries risk 
of food groups, it is important to consider the 
presence of carbohydrate as well as the degree 
of carbohydrate processing (Figure 11). In doing 
so, one can quickly identify the overall caries 
risk of a food. For example, fresh fruit contains 
several sugars; given the presence of fiber and 
water within the fruit, the caries risk associated 
with fresh fruits is minimal. Removal of either 
the water (dried fruit) which concentrates 
the sugars or fibrous material (juice) which 
produces a sugared beverage increases the 
caries risk compared to the original fruit.

Dietary Screening for Caries Risk
The objective of dietary counseling in oral 
health is to reduce caries risk, support soft 
tissue health (i.e., periodontal tissue), reduce 

Figure 9.  Palmer’s Frequency21
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Figure 10. Caries Risk Based on Food Composition

Figure 11. Caries Risk by Food Group
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oral cancer risk, and support systemic health.23 
Extensive dietary counseling is neither practical 
from a time perspective nor within an OHCP’s 
scope of practice. However, dietary screening to 
identify diet-related caries risks and providing 
guidance to reduce oral disease should be 
standard practice for all clinic patients. For 
practical purposes, dietary guidance to reduce 
caries risk is consistent with dietary guidance to 
support soft tissue health and reduce systemic 
disease.24 When patients present with complex 
dietary needs, referrals to other health care 
providers including registered dietitians is 
appropriate.

The objective of dietary screening is to identify 
healthy patients who are at risk of oral disease 
due to their marginal dietary habits. For 
patients presenting with oral disease, similar 
screening questions will identify dietary factors 
contributing to the disease process. Additional 
discussion to understand dietary behaviors is 
appropriate to provide dietary recommendations 
that are doable for individual patients. Dietary 
recommendations should provide guidance for 
the patient to achieve ‘better’ dietary behaviors 
and is a negotiation process with the patient. 
After all, the patient must be motivated and able 
to execute the recommendations in their daily 
life.

Screening components: A dietary screen 
is designed to identify specific high-risk 
behaviors and enable anticipatory guidance.22 
Contemporary caries research suggest that both 
high SSB intakes and frequent carbohydrate 
exposures are significant risk factors for 
caries. For patients with high SSB intakes, 
dietary recommendations to lower SSB intakes 
inherently reduce energy intake. Anticipatory 
guidance is necessary to provide the patient with 
strategies to avoid caffeine withdrawal if the SSB 
contained caffeine as well as provide the patient 
with better food/beverage choices to replace 
lost energy. Recommendations for better food 
choices will complement soft tissue and systemic 
health. To make such recommendations, the 
clinician must understand the patient’s food 
preferences. Finally, as a health care professional 
screening for weight changes consistent with 
undiagnosed disease is appropriate. With these 
considerations in mind, the following screening 
questions are appropriate:

•   Meal structure
-  How many meals and snacks do you eat 

daily?
o The desired outcome is 3 meals and up to 

3 snacks per day.
o Greater eating frequency is associated 

with caries risk.17,21

-  How would you describe your eating 
behaviors? Structured – as in eating at 
regular times on most days? Or unstructured 
– eating throughout the day with no regular 
pattern?
o The desired outcome is structured eating 

events.
o Unstructured eating events are associated 

with caries risk.22

•   Sugar-sweetened beverages
-  How much sugar-sweetened beverages do 

you drink per day? This includes soda-pop, 
juice drinks, energy drinks, sweetened coffee 
or tea, sports drinks, etc.
o Consistent with WHO and USDGA 

recommendations, 8 oz is the 
recommended upper limit of SSB intake.

o Greater than 20 oz/day is associated with 
caries risk.22

-  How long does it take you to drink your 
sugar-sweetened beverages?
o Consumption limited to less than 30 

minutes/day is recommended with 
consumption preferable at meals and 
snacks.

o Greater than 30 minutes/day is associated 
with caries risk.22

•   Sugared candy
-  How often do you eat sugared candy or 

medicated lozenges?
o The desired outcome is no more than 

once a day.
•   Compliance with MyPlate (Figure 12)25

-  How many food groups (i.e., fruits, 
vegetables, proteins, grains, dairy) do you 
eat per day?
o The desired outcome is an intake of all 

food groups consistent with age and sex 
MyPlate recommendations.25

o Recommendations to encourage intakes 
consistent with MyPlate are appropriate 
to replace energy from SSBs, support soft 
tissue health, and support systemic health.

•   Unintentional weight gain or loss
-   Have you gained or lost more than 10 

pounds during the past six months?
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Many patients face economic barriers that limit 
their ability to partake in desired oral hygiene 
behaviors and select healthier diets. OHCP can 
screen for both food and water insecurity and 
make appropriate referrals for patients facing 
such barriers. Food insecurity is defined as 
having limited or uncertain access to food due 
to economic or social circumstances.26 OHCP 
are in position to screen for food insecurity, 
and refer patients with food insecurity to their 
local food banks and social services (Figure 
13).27 Water insecurity is defined as having 
uncertain access to potable water, and has 
been associated with increased intake of SSBs.28 
Although screening tools for water insecurity 
have not been validated, asking patients if they 
have running water and if they are comfortable 
drinking their tap water is appropriate. For 
patients with limited access and/or who 
are uncomfortable drinking their tap water, 
providing guidance to resources for safe 
drinking water is appropriate.

Summary
Dietary carbohydrates, particularly added 
sugars, are an essential part of the caries 
process. Acid produced during bacterial 
fermentation of these carbohydrates erodes 
the enamel producing a site-specific lesion. 
Dietary behaviors that increase the frequency 
and/or length of eating increase caries risk. 
Recommendations to consume structured 
meals and limit intake of added sugars 
including SSB are indicated to reduce caries 
risk.

o The desired response is no unintended 
weight change.

o An unintentional weight gain or loss of 10 
pounds or more over a six-month period 
is not normal and may be consistent with 
undiagnosed systemic disease. A referral 
to the patient’s primary medical provider 
is appropriate.

Most of us do not consume perfect diets, and 
many patients have extensive dietary needs. 
Rather than overwhelming patients with multiple 
recommendations, the OHCP should engage the 
patient in the conversation. Clearly communicate 
the rationale for the desired change to ensure 
patient understanding. With that knowledge, 
what is the patient’s priority? What might 
they be willing to change? What might be 
the ripple effects of choosing to implement 
a recommendation? Providing patients with 
strategies to address the ripple effects will 
support success in making the desired changes 
and facilitate improved dietary habits.

Figure 12. Compliance with MyPlate25

Figure 13. Compliance with MyPlate25
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Course Test Preview
To receive Continuing Education credit for this course, you must complete the online test.  Please  
go to: www.dentalcare.com/en-us/ce-courses/ce711/start-test

1. Which of the following statements is true about caries risk?
A. Both starches and sugars can be metabolized by oral bacteria to increase caries risk.
B. Starches and sucrose are equally cariogenic.
C. Increased frequency of sugars intake reduces caries risk.
D. Structured meal patterns increase caries risk.
E. Calcium increases sugar’s cariogenicitiy.

2. What is one main finding of the Australian Hopewood House study?
A. As part of a lacto-ovo vegetarian diet, added sugars do not increase caries risk.
B. Limiting dietary sugars and refined starches reduces caries risk.
C. Restricting sugars intake during childhood provides permanent protection against caries.
D. Caries risk of children living in Hopewood House did not increase when they moved into the 

local community.

3. Deficiencies of vitamins A and D during tooth development are associated with enamel 
hypoplasia and hypomineralization, both of which increase caries risk.
A. True
B. False

4. What is one main finding of the Swedish Vipeholm study?
A. Liquid foods cause little to no caries.
B. When study subjects ingested sugar with meals, a lower caries rate was observed than when 

study subjects ingested the same amount of sugar as snacks between meals.
C. Retentive foods are not significantly cariogenic.
D. Only teeth with pits and fissures are prone to caries.

5. Which of the following statements is true?
A. Hydrolyzed starches are short glucose chains that are not cariogenic.
B. High fructose corn syrup (HFCS) is produced by starch hydrolysis and isomerization and is 

cariogenic.
C. The term ‘added’ sugars refers to only those sugars added by the home chef.
D. The World Health Organization recommends limiting free sugars intakes to less than 25% of 

energy intake.
E. Sugar-sweetened beverages (SSBs) are generally high in starch and sugar.

6. Foods containing which of the following macronutrient compositions are most likely to 
increase caries risk?
A. Protein and/or fat without calcium.
B. Protein and/or fat with calcium.
C. Complex starches
D. Processed starches
E. Baked starches with sugar

7. The objective of dietary screening for caries risk is to:
A. Identify food choices and dietary behaviors that increase caries risk.
B. Refer patients to other healthcare providers.
C. Identify oral hygiene behaviors.
D. Monitor diet-related systemic conditions.
E. Identify preferred foods and beverages.

https://www.dentalcare.com/en-us/ce-courses/ce711/start-test
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8. Which of the following is NOT a recommended dietary habit to reduce caries risk?
A. Consume 3 meals /day
B. Consume 0-3 snacks/day
C. Consume foods and beverages at structured eating events
D. Consume more than 20 oz SSB /day
E. Consume sugared candy less than once/day

9. Food insecurity is a barrier to consuming a healthy diet. Food insecurity is defined as:
A. A lack of access to running tap water due to economic circumstances.
B. Limited or uncertain access to food due to economic or social circumstances.
C. Limited or uncertain access to potable water due to corrosive pipes.
D. Limited full scale grocery stores within walking distance.
E. Limited food preparation skills.

10. The critical pH is defined as
A. The lowest pH following consumption of a sugar or starch.
B. A pH of 7.2.
C. The pH below which demineralization occurs, and above which remineralization occurs.
D. Salivary clearance of acid produced during bacterial fermentation of carbohydrates.
E. The resting pH in the mouth.



14

Crest® + Oral-B®
 at dentalcare.com | The trusted resource for dental professionals

References / Additional Resources
1.	 National Institutes of Health. Oral Health in America: Advances and Challenges. Bethesda, MD: US 

Dept of Health and Human Services, National Institutes of Health, National Institute of dental and 
Craniofacial Research. 2021.

2.	 Centers for Disease Control and Prevention. Oral Health Surveillance Report: Dental Caries, 
Tooth Retention, and Edentulism, United States, 2017-March 2020. US Dept of Health and Human 
Services; 2024. Access date: 2/27/25.

3.	 Zhang JS, Chu CH, Yu, OY. Oral microbiome and dental caries development. Dent J. 2022;10:184. 
https://doi.org/10.3390/dj10100184.

4.	 Marshall T, Touger-Decker R. Chapter 75 Oral Health and Disease. In: Tucker K (ed) Modern 
Nutrition in Health and Disease, 12th ed; Burlington MA: Jones & Bartlett Learning LLC. 
November 2024.

5.	 Schroth RJ, Lavelle C, Tate R, Bruce S, Billings RJ, Maffatt MEK. Prenatal vitamin D and dental 
caries in infants. Pediatr. 2014; 133(5): e1277-e1284.

6.	 Nunn ME, Braunstein NS, Kaye EAK, Dietrich T, Garcia RI, Henshaw HM. Healthy eating indes is a 
predictor of early childhood caries. J Dent Res. 2009;88(4):361-366.

7.	 Zhou, Y, Yang JY, Lo ECM, Lin HC. The contribution of life course determinants to early childhood 
caries: a 2-year cohort study. Caries Res. 2012;46(2):87-94.

8.	 Clarke MP, Kenny DJ, Judd P. Malnourishment in a population of young children with sever early 
childhood caries. Pediatr Dent. 2006; 28(3):254-259.

9.	 U.S. Department of Agriculture and U.S. Department of Health and Human Services. Dietary 
Guidelines for Americans, 2020-2025. 9th Edition. December 2020. Accessed 2/27/25.

10.	World Health Organization. Sugars and dental caries. 2017. Accessed 2/27/25.
11.	Stephan RM, Miller BF. A quantitative method for evaluating physical and chemical agents which 

modify production of acids in bacterial plaques on human teeth. J Dent Res. 1943;22:45-51.
12.	Naval S, Koerber A, Salzmann L, Punwani I, Johnson BJ, Wu CD. The effects of beverages on 

plaque acidogenicity after a sugary challenge. J Am. Dent Assoc. 2013;144(7):815-822.
13.	Harris R. The biology of the children of Hopewood House, Bowral, N.S.W. VI. The pattern of 

dental caries experience. Aust Dent J. 1967 Jun;12(3):220-227.
14.	Gustafsson BE, Quensel CE, Lanke LS, et al. The Vipeholm dental caries study; the effect of 

different levels of carbohydrate intake on caries activity in 436 individuals observed for five years. 
Acta Odontol Scand. 1954 Sep;11(3-4):232-264.

15.	Moynihan PJ and Kelly SAM. Effect on caries of restricting sugars intake: systematic review to 
inform WHO guidelines. J Dent Res. 2014; 93(1):8-18.

16.	Marshall TA, Levy SM, Broffitt B, Warren JJ, Eichenberger-Gilmore JM, Burns TL, Stumbo PJ. Dental 
caries and beverage consumption in young children. Pediatr. 2003; 112:184-191.

17.	Marshall TA, Broffitt B, Eichenberger-Gilmore J, Warren JJ, Cunningham MA, Levy SM. The roles of 
meal, snack, and daily total food and beverage exposures on caries experience in young children. 
J Public Health Dent. 2005; 65(3): 166-172.

18.	Marshall TA, Curtis AM, Cavanaugh JE, Warren JJ, Levy SM. Beverage intakes and toothbrushing 
during childhood are associated with caries at age 17 years. J Acad Nutr Diet. 2021; 121(2):253-
260.

19.	Kolker JL, Yuan Y, Burt BA, Sandretto AM, Sohn W, Lang SW, Ismail AI. Dental caries and dietary 
patterns in low-income African American children. Pediatr Dent. 2007; 29:457-464.

20.	Vargas CM, Dye BA, Kolasny CR, Buckman DW, McNeel TS, Tinanoff N, Marshall TA, Levy SM. Early 
childhood caries and intake of 100% fruit juice: data from NHANES, 1999-2004. J Am Dent Assoc. 
2014;145(12):1254-1261.

21.	Palmer CA, Kent R, Loo CY, Hughes CV, Stutius E, Pradhan N, Dahlan M, Kanasi E, Vasquez SSA, 
Tanner ACR. Diet and caries-associated bacteria in severe early childhood caries. J Dent Res. 
2010; 89(1):1224-1229.

22.	Delaney C, Warren J, Rysavy OA, Marshall T. Dietary questions in caries risk assessment and their 
relationship to caries. J Public Health Dent. 2024; 1-6.



15

Crest® + Oral-B®
 at dentalcare.com | The trusted resource for dental professionals

23.	Marshall TA. Dietary implications for dental caries: a practical approach on dietary counseling. 
Dent Clin N Amer. 2019; 63:595-605.

24.	Marshall TA, Touger-Decker R. Oral health and multimorbidity: is diet the chicken or the egg? 
Proc Nutr Soc. 2024; 1-8.

25.	MyPlate. US Dept of Agriculture. Accessed 2/28/2024.
26.	 Food security in the US. Economic Research Service. US Dept of Agriculture. Accessed 2/28/25.
27.	Radandt NE, Cobridge T, Johnson DB, Kim AS, Scott JM, Coldwell SE. Validation of a 2-item food 

security screening tool in a dental setting. J Dent Child, 2018; 85(3)114-119.
28.	Slotnick MJ, Leng CW. Water insecurity indicators are associated with lower diet and beverage 

quality in a national survey of lower-income United Staes Adults. J Nutr. 2023; 153:3308-3316.

Additional Resources

	 •	 Marshall TA. Chairside diet assessment of caries risk. J Am Dent Assoc. 2009; 140:670-674.
	 •	 Marshall TA. Preventing dental caries associated with sugar-sweetened beverages. J Am 		

	 Dent Assoc. 2013; 144(10):1148-1152.
	 •	 Marshall TA. Nomenclature, characteristics and dietary intakes of sugars. J Am Dent Assoc. 		

	 2015; 145(1):61-64.
	 •	 Marshall TA. Dietary implications for dental caries: a practical approach on dietary 			 

	 counseling. Dent Clin N Amer. 2019; 63:595-605.

About the Author

Teresa A. Marshall, PhD, RD/LD, FAND
Dr. Marshall, a registered, licensed dietitian with a doctorate in human nutrition, 
coordinates and teaches the nutrition curriculum at the University of Iowa’s 
College of Dentistry. Dr. Marshall’s primary research interests focus on the 
relationships among diet, nutrition, oral health, and systemic health. Dr. Marshall 
has engaged with national and international groups to understand, educate, 
and advocate for caries prevention with emphasis on diet. She is a member of 
the Academy of Nutrition and Dietetics (including the practice group Nutrition 
Educators of Health Professionals), the American Dental Association (ADA), the 
International Association for Dental Research, the American Dental Education 
Association (ADEA), and the American Academy of Cariology (AAC). She is a 

reviewer for multiple nutrition and dental journals.

Email: teresa-marshall@uiowa.edu


