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aBstrRrcT — The purpose of this study was to investigate further the relationship between in-
take of sucrose-containing foods and the prevalence of caries in a natural population of chil-
dren. The study population was made up of 958 Caucasian third grade children from Min-
neapolis. Diet and brushing information was collected through personal interviews with the
children. Four methods of coding diet information were used: (1) Confection Counting (the
number of sucrose-containing items consumed during a 24-hour period); (2) Exposure
Counting (to collapse sucrose-containing items consumed in a 30-min interval into one suc-
rose exposure); (3) Minneapolis Oral Retention Estimate (an assessment of usual consump-
tion, 24-hour recall, brushing and consumption of water to estimate likelihood that the in-
dividual had sucrose in the oral cavity during a typical day); and (4) “Hidden” Sugar Es-
timate (utilization of food composition tables to estimate in teaspoons how much sucrose
was consumed during a 24-hour period). The study shows few, if any, relationships existing
between consumption of sucrose-containing foods and def or DMF teeth in both mealtime
and between-meal periods.
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A dominant theme that runs through dental re-
search literature is that dental caries is the result of
multiple and perhaps simultaneous factors such as:
diet, trace minerals, bacteria, saliva, genetic make-
up, and tooth morphology.™***

Within the consideration of diet, ingestion of suc-
rose is most frequently mentioned as being a strong
factor in the caries process. Studies of isolated pop-
ulations have demonstrated high associations be-
tween the presence of sucrose in the diet and caries
prevalence.'* In addition, Gustarsson et al.’
studied institutionalized mentally retarded patients
in Vipeholm, Sweden to investigate the relationship
between experimentally varied sucrose intakes and
caries incidence. This study reported finding a rela-
tionship between snack-time consumption of toffee
and caries incidence.

Few studies, however, have demonstrated the
caries inducing properties of sucrose in retrospective
studies of natural populations. In 1956 WEeiss &
TrirHART' in Tennessee asked mothers of preschool

children to report their children’s snacking patterns.
An association was found between ingestion of car-
iogenic snacks and caries prevalence. Duany® re-
ported in 1971 positive associations between dietary
sucrose and DMF indices for 147 students. In a sec-
ond study Duany* reported a significant positive as-
sociation between DMF surfaces and dietary scores
in 46 caries-free and 40 caries-active children aged
12 to 14. SamueLs™ in 1969 studied a population
of 346 third grade Minneapolis children and found
that children’s self-reported intake of cariogenic
foods was not associated with caries prevalence. In
the same year, Bacramian' studied 1,587 high
school students in Detroit, Michigan, and Colum-
bia, South Carolina. No significant associations
were found linking between-meal consumption of
sucrose-containing snacks and caries prevalence.
This review indicates some lack of consistency in
the findings regarding the relationship between car-
iogenic food intake and prevalence of dental caries.
The purpose of the present study was to investigate



further and in greater detail the relationship be-
tween intake of sucrose-containing foods and the
prevalence of caries in a natural population of chil-
dren. The study hypothesis was that high intake of
sucrose would be associated with high caries preva-

lence.

METHODS AND MATERIAL

A total of 958 Caucasian third grade children formed the
study population. The children were enrolled in 14 public
schools in Minneapolis and were equally divided as to sex.
Approximately 80 % of the children were from homes
where the father was employed full time. Family income
ranged from below $2,400 to $18,000, with the median
family income at approximately $10,500, close to the nat-
ional average. Fluoride exposure information was collected
on 79 % (755) of the sample. Of these, 76 % had had
continuous fluoride exposure; almost none had been ex-
posed for less than 3 years. The community has been fluo-
ridated at 1 part/10% since 1958.

An interview schedule was constructed based in part
upon a 24-hour recall. The interview mechanism was ex-
tended to include assessments as to how typical or usual
the previous day’s food consumption was, as well as speed
of consumption and time-specific brushing behavior in rela-
tion to food intake. The diet information was collected
through a personalized interview with each child at school,
conducted at least 2 weeks prior to the dental examinations
so that children would not associate the two activities. The
interviewers were Caucasian women who were selected for
their ability to relate well with children. They were espe-
cially trained in the use of interview probing techniques in
order to obtain complete diet information from the chil-
dren. Teachers were instructed to inform the children only
that the interview had to do with foods eaten by children;
they were asked not to give the impression that the inter-
view was related in any way to teeth or dental care.

Approximately 2 weeks after the diet interview had been
completed, each child received an unannounced dental
screening examination at school by a dental epidemiologist.
Only obvious lesions in which soft dentin could be de-
tected were recorded as carious. Twenty-four decay indices
were considered in this analysis, including DMFT, deft,
DMFS and dels prevalence scores, type of surface (occlu-
sal, approximal or smooth) and tooth type and location.
Four different methods of coding the diet information were
employed. A {ifth, developed by Duany, was not included
because it was not available.

1. Confection Counting

This method closely approximates the schema used by
Weiss & TrrraArT.11 It counts the number of sucrose-con-
taining items consumed during a 24-hour period. The
Werss & Trrraarr study!l only counted between-meal
snacks as reported by mothers of preschool children. The
Minneapolis study extended to mealtime and interviewed

the subjects themselves.
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2. Exposure Counting

This method approximates a method developed by Nizer.8
It differs from Confection Counting in that it moves close
to the ideal of oral clearance by collapsing items consumed
at the same 30 min interval into one sugar exposure. Only
the 24-hour interval was employed.

Table 1. Summary of dental caries findings for 958 third
grade Minneapolis children

Mean Median :tc:/l::t?(l)i
DMTF teeth 1.403 0.855 1.561
DMF Surfaces 1.997 0.031 2.642
def teeth 3.327 3.021 2.812
def surfaces 6.294 4.521 6.352
Occlusal DMF
surfaces 2.582 1.150 3.076
Approximal DMF
surfaces 0.136 0.042 0.551
Smooth DMF
surfaces 0.539 0.182 1.064
Occlusal def
surfaces 2.809 2.376 2.558
Approximal def
surfaces 2.770 1.618 3.193
Smooth def
surfaces 0.767 0.199 1.671
DMFT 6 (1st
molars only) 1.373 0.812 1.532

DMFS 6 (Ist
molars only)
Occlusal 6 (1st

1.929 0.868 2.560

molars only) 1.284 0.524 1.531
Approximal 6 (1Ist

molars only) 0.136 0.036 0.605
Smooth 6 (1st

molars only) 0.546 0.179 1.101
deft d+e

(d+e only) 3.127 2.887 2.582
defs d+e

(d-+e only) 6.015 4418 5.970
Occlusal d+e

(d+e only) 2.815 2.370 2.557
Approximal d+e

(d+e only) 2.596 1.563 2:917
Smooth d+e

(d+e only) 0.659 0.178 1.483
TFEMS (permanent

and primary

surfaces combined) 8.291 6.548 7.642
Occlusal, all 5.391 4613 4.677
Approximal, all 2.966 1.742 3.347
Smooth, all 1.306 0.372 2.185
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Table 2. Mean del and DMF teeth scores by sex. N.S.:

not significant

Male Female
(n=480) (n=478)
Mean def 398 3.37 N.S.
teeth
Mean DMF 1.33 1.48 N.S.
teeth

3. Minneapolis Oral Retention Estimate

This method attempts to estimate the likelihood that the
individual had sucrose in the oral cavity during a typical
day. It employed the assessment of “usual” consumption, in
addition to the 24-hour recall. The consumption of strictly
non-sucrose containing foods at the same time as sucrose
containing items was considered. Brushing was used as a
deflating factor, as was consumption of water.

4. “Hidden” Sugar Estimate

This method was suggested by a method developed by
Becks.2 Food composition tables were utilized to estimate
(in teaspoons) how much sucrose was consumed during a
24-hour period. All diet indices were broken into combina-
tions of snack-time consumption, mealtime consumption
and total consumption.

RESULTS

The Minneapolis sample had a median age of Y
years. Table 1 presents the dental caries findings.
The sample had on the average 1.4 decayed, miss-
ing or filled permanent teecth and 3.3 decayed, ex-
tracted or filled primary teeth. The sample ap-
peared to have a low prevalence of smooth surface
caries with mainly pit and fissure caries. No signifi-
cant differences between def and DMF teeth by sex
were found (Table 2). Whole life exposure to fluo-
ride was compared in the sample to partial life ex-
posure and showed significant results (Table 3).
Those children who had been exposed to commun-
ity fluoridated water supplies for their entire lives
had lower scores in DMF teeth. The majority of
the sample (76 %) had experienced whole-life ex-
posure to fluoridated water.

Table 4, Part A, shows the correlation of diet in-
dices with decay indices. It was found that none of
the diet coding mechanisms produced strong posi-
tive correlations with any of the caries indices.
Moreover, these data seem to indicate that con-
sumption of sucrose during mealtimes may be ne-
gatively correlated with caries when analyzing per-

manent teeth. These weak, negative correlations be-
came non-significant when the data were controlled
for fluoride exposure, age and sex.

Using a sub-sample of 749 children (79 %) for
whom complete data were available, Table 4, Part
B contains the partial correlations between the diet
and caries indices where the possible confounding
effects of sex, age in months, and exposure to com-
munity fluoridated water supplies were eliminated.
In essence, the correlations did not change marked-
ly, although the significant first order correlations
observed in Part A were no longer significantly dif-
ferent from zero.

Table 5 shows mean def teeth for low, medium,
and high consumption of sucrose-containing food-
stuffs by four diet indices for between-meal periods.
Significant differences were observed on the Confec-
tion Counting Index among consumption levels;
however, no significant differences were observed in
the other three indices.

Table 6 shows mean def for low, medium, and
high consumption of sucrose-containing foodstuffs
by four diet indices for mealtimes. There were no
differences that achieved statistical significance.

Table 7 shows mean DMF teeth for low, me-
dium, and high consumption of sucrose-containing
foodstuffs by four diet indices for between-meal per-
iods, with no significant differences observed a-
mong consumption levels.

Table 8 shows mean DMF teeth for low, me-
dium, and high consumption of sucrose-containing
foodstuffs by four diet indices for mealtime periods
with a significant negative difference observed a-
mong consumption levels for the “Hidden” Sugar
Estimate Index.

As demonstrated in Tables 5 through 8, this
study shows few, if any, relationships existing be-

Table 3. Mean def and DMF teeth scores of whole-life
and partial-life exposures to fluoridated community drink-
ing water

Partial-life Whole-life

exposure exposure

(n=182) (n=>573)
Mean def
Y 3.66 3.11 N.S.
Mean DMF i i e
teeth ; § 0025
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Table 4. Correlation of diet indices with caries indices of third grade Caucasian children. Minneapolis, 1970

Part A
1st order correlations

n = 958

= n

= E

A E 103
Confection Counting
Snack 05 03 08 06
Meal -07 -08 —06 06
Total -02 —04 01 00
Exposure Counting
Snack 05 04 06 04
Meal -06 -08 -03 -05
Total -01 —-02 _02 ~00
Oral Retention Estimate
Snack 03 -02 07 06
Meal -00 -02 —04 —06
Total 02 -02 03 02
“Hidden” Sugar Estimate
Snack 05 03 07 07
Meal -08 -08 -05 05
Total -03 —04 00 01

NOTE: Correlations of approximately + or — .06 are sig-
nificant at .05 (n = 958).

tween consumption of sucrose-containing foods and
def or DMF teeth in both mealtime and between-
meal periods.

Table 5. Mean def teeth scores for low, medium, and high
consumption of sucrose-containing foodstuffs by four diet
indices (for between-meal periods)

Consumption

Me- . Significance
Diet indices Low diuLm High ¥ basits
Confection F(2,940d.f.) =
Counting 2.91 3.31 3.61 4.4795;

P = .0116

Exposure
Counting 3.01 344 347 N.S.
Oral Retention :
Estimate 3.19  3.30 3.66 N.S.
“Hidden” Sugar
Estimate 3.01 3.37 3.51 N.S.

Part B
Partial correlations controlling for differences in fluoride
exposure, age in months, and sex

n = 749%

= n

S 3 g 4

=) A = =
Confection Counting
Snack 05 03 07 07
Meal —06 —06 -05 05
Total 01 -02 01 01
Exposure Counting
Snack 05 05 06 04
Meal -06 -06 -03 -04
Total 01 -01 02 -00
Oral Retention Estimate
Snack 02 —02 08 07
Meal -00 -02 -04 -06
Total 02 -03 04 02
“Hidden” Sugar Estimate
Snack 04 03 07 08
Meal -07 -05 05 05
Total -03 -03 -00 01

NOTE: Correlations of approximately + or — .07 are sig-
nificant at .05 (n = 749)

* Loss of 209 cases due to incomplete data on contributing
variables.

DISCUSSION

The study reported here was conducted to carefully
examine the relationship of dental caries prevalence
to consumption of sucrose. Previous studies utilizing
various methodologies have reported different re-
sults regarding the relationship between sucrose con-
sumption and dental caries. The Vipeholm study®
was conducted on mentally retarded adults, a pop-
ulation which may have biased the results. Dental
caries is not usually as active in adults or in men-
tally retarded subjects and therefore the results of
this study may not be generally applicable to a nor-
mal population. Weiss& TrrrHART'' studied only
primary teeth in a sample of preschoolers who aver-
aged 53/ years of age. It is possible that caries ex-
perience and sugar intake might not have shown
such strong associations with the permanent denti-
tion. In their study, the dietary information was
gathered indirectly by questioning the parents of the
study population, a data collection method which
could have had a biasing effect on the study results.
The studies conducted by Duany®* show strong
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Table 6. Mean def teeth scores for low, medium, and high
consumption of sucrose-containing foodstuffs by four diet
indices (for mealtimes)

Table 8. Mean DMT teeth scores for low, medium, and
high consumption of sucrose-containing foodstuffs by four
diet indices (for mealtimes)

Consumption Consumption

e . ) Significance Y 2§ Me- . Significance
Diet indices Low  Medium High - Diet indices Low Abeirer High tests
Confection Confection
Counting 3.41 3.52 3.18 N.S. Counting 1.61 1.40 1.32 N.S.
Exposure Exposure
Counting 3.43 341 3.18 N.S. Counting 1.56 1.53 1.32 N.S.
Oral Retention Oral Retention
Estimate 3.50 3.23 3.25 N.S. Estimate 1.47 1.30 1.49 N.S.
“Hidden” Sugar “Hidden” Sugar F(2,940d.f.) =
Estimate 3.47 3.25 327 N.S. Estimate 1.59 1.36 1.27 3.6033;

P = .0276

positive correlations but must be questioned in terms
of the very small sample sizes and the selection of
caries-free and caries-active groups. Duany stated
that strong correlations might not have been found
in a normal population representing varying dental
caries experience.

The present authors felt that a large study of a
normal population utilizing valid and appropriate
methods for gathering both dietary and dental data
would be necessary to adequately relate dental car-
ies experience to sucrose consumption. For this rea-
son the dental data were collected using a single ex-
aminer carefully trained in epidemiologic methods.

Table 7. Mean DMF teeth scores for low, medium, and
high consumption of sucrose-containing foodstuffs by four
diet indices (for between-meal periods)

Consumption
I . ; Significance

Diet indices Low  Medium High ?
tests

Confection

Clounting 1.32 1.34 1.51 N.S.

Exposure

Counting 1.29 1.42 1.49 N.S.

Oral Retention

Estimate 1.31 1.42 1.49 N.S.

“Hidden” Sugar

Estimate 1.39 1.32 1.53 N.S.

The dietary information was gathered using the in-
terview method based on survey research principles.
The interview instrument was carefully constructed
and pretested and all interviewers were trained in the
use of the instrument and were closely supervised.
On these bases the data were assumed to be valid.

Several explanations could be given for the lack
of positive associations between sucrose consumption
and dental caries experience in this study. One
plausible factor could be that with retrospective
studies dental caries prevalence, which is a lifetime
accumulation, would not necessarily show a rela-
tionship to sucrose intake, a very changeable or re-
cent effect. A more meaningful method of study
would be to follow individuals over time and exam-
ine caries incidence in relation to diet. We have
continued our investigation to include incidence;
however, preliminary findings also indicate a similar
lack of correlation.

It is possible that the diets of today’s American
children include sucrose to such an extent that it is
impossible to identify individuals with a truly low
sucrose intake. Possibly the level of sucrose con-
sumption for all individuals is such that it may be
difficult to show differences in caries experience in
a natural urban population as a function of sucrose
intake.
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