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ARTICULOS ORIGINALES

Fermentable carbohydrate dietary consumption
measured by a cariogenicity scoring
system and caries experience in youth and adults

Consumo de carbohidratos fermentables en la dieta
medido mediante un sistema de puntaje para
la cariogenicidad y experiencia de caries en jovenes y adultos

ABSTRACT

Aim: To evaluate if dietary fermentable carbohydrate consumption
associates with caries experience of youths and adults when
assessed by a scoring system of putative cariogenicity of the
foods. Methods: Two hundred and seventy five subjects (12 to
67 years-old) were examined to assess caries experience by the
DMFT Index (decay, missing and filled teeth) and radiographs.
Subjects filled a weekly diet diary registering the type, frequency
and time of consumption of foods. An arbitrary scoring system was
used to determine cariogenic potential of the diet based on food
consistency, frequency and occasion of consumption. Results:
DMFT index significantly increased with age (p<0.001). Females
showed higher cariogenic potential than males (p=0.04). When
subjects were divided into four DMFT categories, no differences
were detected in cariogenic potential of the diet in any caries
group. No correlation between caries experience and cariogenic
potential of the diet could be found. Conclusions: Arbitrarily
assigned cariogenicity of dietary fermentable carbohydrates does
not seem to associate with caries experience, when information
was obtained through a cariogenicity scoring system.

Key words: Caries, weekly diet diary, cariogenic potential, sugar,
carbohydrate consumption, DMFT.

INTRODUCTION

Dental caries is a multifactorial disease with a diet high in
fermentable carbohydrates considered as a primary etiological
factor (1). Among dietary carbohydrates, sucrose is considered
the most cariogenic sugar as it is readily fermentable by the
cariogenic microflora to serve as substrate for exopolysac-
charide synthesis, which in turn favor bacterial adhesion and
colonization of the tooth (2). The effect of sucrose depends
on the concentration and the frequency of the exposure (3,4).
Thus, sucrose availability in the oral environment is associa-
ted with the etiopathogenesis of dental caries (5). Besides
sucrose, processed starches have also a cariogenic potential
(6). Combination of starch and sucrose are commonly found
in western diets and they can have a synergistic effect (7,8).
The intermittent exposure to dietary sugars (carbohydrates),
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involves periods of demin and remineralization (9) In fact,
frequent exposure to fermentable sugars (carbohydrates)
lowers pH leading to dental hard tissue (enamel or dentin)
demineralization and to proliferation of cariogenic bacterial
species in the oral biofilm (10,11).

It has long been thought that a diet containing high
amounts and frequency of sugar would predispose to caries
(12). Several investigations have confirmed this association
(13). Despite the relative consensus in the dental profession
on the cariogenic role of simple sugars, i.e., sucrose, increa-
sing evidence has challenged this assertion. Indeed, even
the classic and seminal Vipeholm caries and sweets study
in which children from a mental institution received high
amounts of sweets and chocolates for years (14), provides
confusing evidence. In the study, 20 to 30% of the subjects


mailto:giacaman@utalca.cl

Dietary sugars and caries experience in adults.

did not develop new caries lesions and individuals without
supplements of refined sugar and with maximal avoidance of
natural sugars and other carbohydrates continued to have new
dental caries (15). The observations jeopardize a simplistic
conclusion on the straightforward role of sugars on the onset
of caries. Indeed, a study on fermentable carbohydrate con-
sumption and dental caries demonstrated a poor correlation
between the amount of sugar consumed by 10 to 15 year-old
children and their caries experience (16). In fact, despite the
many studies supporting an etiological role for fermentable
carbohydrates in dental caries, many others argue for a rather
weaker association (17,18).

Most of the available clinical evidence of the role of
sugar-containing diet on caries has been obtained from studies
performed in children. How fermentable carbohydrate con-
sumption influences caries experience in adults has been less
explored and requires further investigation. Thus, despite the
apparent direct association on the deleterious effect of simple
sugars, evidence reveals gaps and lack of clarity on the matter.

To assess dietary habits and specific food consumption,
a weekly diet diary is often used in nutrition (19). Likewise,
many Dental Schools and private practices use similar ques-
tionnaires to determine fermentable carbohydrate consump-
tion. In Chile and in some other places in Latin America, a
weekly diet diary is used in combination with an instrument
that intends to assess the cariogenic potential of the diet (20).
The instrument scores sugar-containing food based on their
putative cariogenicity from its stickiness and from consistency.
Also, the tool scores higher if the intake is between meals than
with main meals and based on the frequency of consumption.
A final cariogenic potential of the diet score is obtained and
categorized as high, moderate or low caries risk. Little evidence
has been shown on the correlation of the tool's scores and the
actual caries experience of a population, nonetheless. The aim
of this study was to determine if cariogenic potential of the
diet associates with caries experience, in youth and adults.

SUBJECTS AND METHODS

Subjects. Clinical records from three hundred and fifty
patients attending the Dental Clinics of the University of Talca
in Talca, Chile were randomly selected to participate in the
study. Patients with low salivary flow (<1 mL/min stimulated
and <0.25 mL/min unstimulated) obtained from the record
data, were excluded. A final sample of records from two
hundred and seventy five patients aged twelve to sixty seven
years, 64,4% females and 33,6% males, participated in the
study. Education level was not considered to enter the study.
Each participant signed an informed consent to release their
information for research purposes.

Dietary assessment. To obtain information on type, fre-
quency and habits of fermentable carbohydrate consumption,
each subject was instructed on how to fill out a weekly diet
diary at home. Written instructions were also included. During
the entire week, subjects had to write everything they ate at
breakfast, lunch and dinner and also between main meals.

Once the forms were received, the cariogenic potential of
the diet was calculated, as follows (table 1). Each carbohydrate
was assigned an arbitrary value based on its putative cariogenic
properties. Thus, non-sticky complex carbohydrates scored
lower than adhesive sugary foods. Moreover, frequency and
occasion of consumption, which was scored low if sugar was
consumed with or high if it was between main meals, were re-
gistered. If the sugar-containing food was consumed occasiona-
lly, two or more times a week, daily or more than twice per day,
it was assigned a score of 0, 1, 2 or 3, respectively. Likewise, if
a cariogenic food was consumed with meals or between meals,
it was assigned a score of 1 or 5, respectively. Frequency and
occasion scores were multiplied each by the food type values
and the resulting numbers were the Frequency Score (FS) and
the Occasion Score (OS). The Cariogenic Potential (CP) of the
diet of a person, therefore, was the sum of FS and OS. The
scores obtained from each variable were converted into a scale
of three categories, as described in table 1.

TABLE 1

Scoring system of food type, frequency and occasion of consumption to obtain the cariogenic potential of the diet.

A. Carbohydrate type

Beverages with sucrose Sugared soda 1
Tea, coffee with 2 or more spoons of sucrose 1
Doughs without sucrose Bread, whole weat bread, sugarless cookies 2
Sweets Candy, ice cream, jam, chocolate 3
Dough with sucrose Cake, cookies with sugar, sugared pastry 4
Sticky candies or sugar Honey, sugared cereals, toffee, sticky candy 5
B. Frequency
Occasionally 2 or more per week daily More than 2 per day
0 1 2 3
C. Occasion
With main meals Between Meals
1 5
D. Cariogenic potential of diet
Scores Interpretation
10 -33 Low
34-79 Moderate
80 - 144 High
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Caries assessment. Subjects were divided into 5 age ca-
tegories (table 2). Caries experience, measured by DMFT, were
obtained from the clinical record of each participant. Clinical
information was obtained by an exam performed by means of
a mouth mirror and a probe on a dental chair. To obtain the
DMFT index (decayed, missing and filled teeth), only teeth
with current caries or with history of having had caries were
included, according to WHO criteria (21). Additionally, the
Significant Index Caries (SiC) (22) was calculated. This index
corresponds to the DMFT of the most affected third of the
population. Data were registered on the dental record under
a faculty member supervision. Additionally, bitewing radio-
graphs were taken to detect proximal lesions as a supplement
for the diagnosis.

Statistical analysis. Shapiro-Wilk test was used to test
for normality of the data. Since all data showed normal dis-
tribution, they were analyzed with parametric tests (t-student

and ANOVA). Several multinominal logistic regression models
were adjusted to find associations. A significance level of 95%
was used and considered significant if p<0.05. Analysis was
performed using SSPS software, version 14.0.

RESULTS

Patients were grouped into 5 age categories, as follows:
12-15; 16-19; 20-34; 35-49, and 50 and older (table 2). Mean
age was 25.83+11.29 years.

Caries experience: DMFT was 12.16 (+5.04) in a ran-
ge from O to 27. The SiC for this sample of patients was
17.91(+2.57). DMFT significantly increased with age (p<0.001)
(table 3).

Frequency Score. When FS was calculated, a decreasing
trend in the scores with age groups could be observed (table
4). Females showed higher FS than males (p<0.05) (Table 5).

Occasion Score. Like for FS, there was a declining trend

TABLE 2

Patient distribution by age and gender

Age n Female (%) Male (%)
(n=177) (n=98)

12 -15 36 10.2 10.2
16 - 19 44 17.5 17.5
20 - 34 145 52.0 52.0
35-49 35 14.7 14.7

>50 15 5.7 5.7

Total 275 64.4% 33.6%

TABLE 3
DMFT and SiC by age groups.
Age DMFT SiC
Mean SD Mean SD

12 -15 8.64 + 4.82 1733 £1.15
16 - 19 1191 £ 412 16.73 £ 1.27
20 - 34 12.00 £ 4.90 1813 +2.58
35-49 15.31 £ 3.98 17.54 + 2.28

>50 15.53 £ 5.62 20.67 +4.03

Total 1216 + 5.04 17.91 £ 2.57

IABLE &4

Frequency score, occasion score and cariogenic potential of the diet by age groups (n=275).

Age Frequency score
Mean SD
12-15 20.75 £ 8.29
16-19 22.64 £915
20-34 17.69 + 732
35-49 16.54 + 5.71
>50 14.67 + 6.65
Total 18.58 + 7.84

Occasion score Cariogenic potential

Mean SD Mean SD
48.94 + 1918 69.97 + 24 .54
53.48 + 21.58 76.23 £ 27.67
4527 + 18.87 63.21 + 23.85
37.26 £ 17.52 53.51 £ 19.41
3113 £ 17.67 46.47 + 2311
4527 +19.83 64.03 = 2510
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in the OS with age (table 4), but no difference by sex was
detected (table 5).

Cariogenic potencial of diet. CP of the diet was calcu-
lated from the scores of diet type, frequency and occasion
of consumption, according to the formula described above.
Moreover, CP for the entire group was 64.03(+25.10), which
corresponds to a moderate level. 60% of the participants had
moderate CP, followed by 30.2% with high and 9.8% with
low CP (data not shown). Although not significant (p>0.05),
CP of the diet of the participants in this study decreased with
age (table 4). The CP for women was significantly higher than
for men (table 5).

Association between caries experience and CP. To com-
pare if patients with higher caries experience had higher FS,
OS or CP scores, subjects were divided into 4 categories using
the quartiles of the DMFT (table 6). Neither FS, nor OS, or CP
showed significant differences at any quartile of DMFT. In order
to determine whether an association between cariogenic diet
and caries history existed, several multinominal linear logistic
regression models were adjusted. No association between
the variables was found (p=0.52). On a dispersion plot, the
distribution of the cases by cariogenic potential of the diet and
DMFT indicates lack of any trend (r=0.014; p=0.51) (figure 1).

DISCUSSION

Although it is widely acknowledged that diet plays a role
in the etiology of caries, our results failed to show association
between consumption of fermentable carbohydrates and caries
experience. When different habits of consumption of sugars
(frequencies and occasion) were considered, no differences
were found in the DMFT index. Indeed, patients who refe-
rred a high consumption of sugared beverages did not show
differences in respect of those who reported very rare or no
consumption. For example, while 17.2% of the population

occasionally drinks sugared soda and experience a DMFT
13.26 +3.94, DMFT of the population that drank this type
of beverages twice or more a day was 12.24+5.32 (p=0.178).
Importantly, the lack of association between DMFT and CP
of the diet shown here refers only to that resulting from ar-
bitrarily scoring sugars in the diet according to their putative
cariogenicity. Net fermentable carbohydrate consumption was
not evaluated in this study.

Since diet is only one of the multiple factors involved in
the pathogenesis of caries (23), other factors present in the
subjects may have played arole, as well. Actually, the modula-
ting role of fluoride exposure (24,25) and oral hygiene (26-28)
may obscure the relation between diet and caries experience.
Fluoride therapy seems to diminish the net influence of simple
sugars on caries etiology, elevating the threshold for demi-
neralization. Hence, the effect of sugars in caries would be
less relevant (17). In vitro experiences have shown that when
fluoride is present, higher frequencies of sucrose are needed
to produce a significant enamel demineralization (3). The
population of the present study has been exposed for several
years to 0.7 ppm of fluoride in drinking water. Also, other
fluoride sources may have been present, such as fluoride-rich
food and fluoridated toothpastes (29).

The population of this investigation was mostly adults
and young adults (table 1). Most of the research on this topic
has been performed in children (30-34). It is possible that the
impact of sugars on caries history is more evident in children
than adults. Age may weaken the effect of sugar on caries.
An interesting issue is the fact that caries experience using
DMFT does not portrait current caries activity. Thus, fermen-
table carbohydrate consumption may be related with higher
incidence of new lesions, but not with caries activity occurred
in the past. New studies using caries lesion assessment, for
example, ICDAS Il (35), are suggested to better characterize

TABLE 5

Frequency score, occasion score and cariogenic potential of the diet by gender (n=275).

Gender Frequency score Occasion score Cariogenic potential
Mean  SD Mean  SD Mean  SD
Male 17.02 £ 753 41.03 £ 19.92 58.24 + 25.75
Female 19.44 + 7.88 47.61 +19.44 67.23 +24.22
p-value 0.014* 0.08 0.04*
* Statistical differences (p<0.05)
TABLE 6

Frequency score, occasion score and cariogenic potential of the diet by DMFT index (n=275).

Frequency score

Mean £SD

DMFT<9 19.65 +£9.05
9<DMFT<12 1713 £7.67
12<DMFT<15 17.74 £5.98
DMFT>15 19.77 £8.10
Total 18.58 +7.84

Occasion score Cariogenic potential

Mean +SD Mean +SD
4457 +20.85 64.20 £26.70
47.40 £18.60 64.91 £23.31
43.67 £21.45 62.27 £26.28
45.64 +18.09 64.84 +2413
45.27 +19.83 64.03 2510
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the lesion status.

Our results jeopardize the use of a scoring system to
intuitively assign levels of cariogenicity to sugars contained
in food (20). A food that is retained longer in the mouth is
supposedly more cariogenic. Likewise, a food that contains a
higher proportion of sucrose is considered to be more acido-
genic than a food that contains a lower proportion of simple
sugars. While the latter appears reasonable, whether those
foods remain actually longer in the mouth or if they really
lower the pH more than others is merely an educated guess.
Regardless of the reasonable that such scoring may seem,
individual cariogenicity resulting from experimentation might
be the only way to categorize cariogenicity of the different
forms of sugars. Moreover, one of the clinical studies showing
a direct association between sugar intake and caries found the
association only with sugared beverages, which are scored as
the least cariogenic by the instrument used in this research
(table 1). Furthermore, the amount of sugar is not considered
in this instrument and it could be also of importance to de-
termine cariogenicity of the diet. Given its popularity in Chile
and other countries, mainly at universities, we decided to
test how well this scoring system portraits caries experience.

Our results clearly show a lack of association between the
putative cariogenic potential of the diet measured by the
questionnaire and the caries experience of the individuals.
Since the instrument is not validated, but largely used, faculty
and clinicians should be aware that it is not a reliable tool to
assess cariogenicity of the food consumed. New instruments
capable to associate dietary habits with caries experience
appear as necessary. The latter is in the assumption that food
type and/or dietary habits actually constitute risk factors for
caries, which in light of these results seems uncertain, and
deserves more research.

The association between fermentable carbohydrate
consumption and caries experience may derive from more
specific aspects of the food or the habits of consumption.
Although, the contribution of diet in lowering oral biofilm
pH has been extensively demonstrated (36), carbohydrate
availability, per se, appears not to be totally responsible for
the microbiological shift during caries. Rather, pH drop from
carbohydrate metabolism seems more strongly linked to
changes in composition and metabolism of the oral biofilm
(37,38). Experiments, though, have used standard foods that
do not discriminate food molecules and all contain high

FIGURE 1

Correlation between DMFT and the cariogenic potential of the diet.

(Pearson correlation =0.014; p=0.51)
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Figure shows the distribution of scores resulting from the weekly diet diary (n=275).
Vertical axis indicates caries experience (DMFT) and horizontal axis shows the cariogenic potential of the diet. Pearson correlation 0.014; p= 0.51.
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amounts of sucrose (36). Furthermore, pH measurements in
these experiments were made after 30 minutes after the food
was ingested and therefore, time for bacteria to reorganize
and create a more cariogenic biofilm was not allowed. The
net cariogenic potential of the food requires considering all
the nutrients, resembling the way they are presented to the
oral environment during normal feeding.

Dietary habits and patterns remain important to explain
caries, but the tools to assess intake or a certain bias in scoring
the food consumed darken the association. Although diet is
undoubtedly crucial, other risk factors may contribute to ca-
ries and may influence the final pH produced by food: buffer
capacity of the saliva, calcium and phosphate concentration
in saliva, flow rate and viscosity of saliva, presence of plaque
in susceptible sites of the tooth, components of the biofilm
affecting diffusion, anatomy of the teeth, enamel micros-
tructure, fluoride content of enamel and plaque, pattern of
mastication, sucking, rinsing and swallowing and frequency
of food ingestion (39). As a way of controlling the salivary
factor, patients with altered salivary flow were excluded from
the study. Altered salivary flow may delay oral clearance for
sugars and the time that that pH remains low to demineralize
the enamel (40).

In conclusion, the study failed to find an association
between intake of fermentable carbohydrates measured by a
weekly diet diary combined with a cariogenicity scoring system
and caries experience in adults. More research appears needed
to clarify this topic.

RESUMEN

Objetivo: Evaluar si el consumo de carbohidratos fer-
mentables se asocia con la experiencia de caries en jévenes y
adultos, cuando es medido por un sistema de asignacion de
puntajes a los alimentos segliin su presunta cariogenicidad.
Metodologia: 275 sujetos (12 a 67 afios) fueron examinados
para determinar su experiencia de caries mediante el indice
COPD (dientes cariados, obturados y perdidos) y radiografias.
Los sujetos llenaron un diario dietético semanal. Se utilizé
un sistema arbitrario para asignar puntajes y determinar el
potencial cariogénico de la dieta basado en la consistencia,
frecuencia y ocasién de consumo. Resultados: Las mujeres
mostraron mayor potencial cariogénico que los hombres
(p=0,04). Cuando los sujetos fueron divididos en 4 categorias
de COPD, no se detectaron diferencias en su potencial cario-
génico en ningln grupo de caries. No se observé correlacidon
entre la experiencia de caries y el potencial cariogénico de
la dieta (p>0,05). Conclusiones: La cariogenicidad arbitraria-
mente asignada a los carbohidratos fermentables de la dieta
no parece asociarse con la experiencia de caries en adultos.

Palabras clave: Caries, diario dietético semanal, potencial
cariogénico de la dieta, azucar, consumo de carbohidratos
fermentables, COPD.
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