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Abstract: Studies on children’s nutritional behaviour (CNB) rarely compare children’s answers
regarding the frequency of their sugar intake with the respective statements of their parents. Therefore,
data from a prevention study were used to analyse this aspect, as well as a potential correlation
between Marburg Sugar Index (MSI) values and caries experience of children. The present study
based its questionnaire data on CNB and caries data. Pairs of questionnaires filled in separately by
children and parents of the participating families were dichotomised by either having completed the
diet section entirely (Group A) or in part (Group B). The MSI scores were calculated separately for
children and parents. The statistical confidence level was set at α = 0.05 (two-sided). Furthermore, the
Pearson correlation coefficient was calculated and tested for “r = 0”. Additionally, a test for equality
of the correlations was applied. The number of available questionnaire pairs was 429 in Group A
and 400 in Group B. In both groups, significant correlations between children’s and parents’ MSI
scores (A: r = 0.301, p < 0.001; B: r = 0.226, p < 0.001) were found. Using Spearman’s Rho, a significant
correlation between MSI scores and children’s caries experiences was observed in Group A. MSI
scores based on dietary questionnaires can be used to obtain consistent information on children’s
CNB provided by the children themselves or their parents. This is true even when the MSI score has
to be calculated on the basis of incomplete questionnaires. Questionnaire-based CNB information can
improve the effectiveness of individual or group preventive measures supplemented by individually
adapted nutritional counselling.

Keywords: caries experience; living environment; children’s nutritional behaviour

1. Introduction

Different authors have labelled caries as one of the most commonly occurring child-
hood diseases [1], if not even the most widely distributed chronic disease across the
globe [2]. Moreover, the results of various studies indicate a linear correlation between
the consumption of sugar and caries experience [3–6]. Nowadays, this correlation has
become less apparent and is no longer deemed unconditionally true due to the effect of
different caries-preventive confounders, such as fluoridation interventions or the use of
fissure sealants in children and juveniles, which exert a moderating effect [7,8].

It is well-known that certain cariogenic oral bacteria, such as Streptococcus mutans,
metabolise mono- and disaccharides. To be able to cause carious lesions, cariogenic mi-
croorganisms such as these must, however, have contact with tooth surfaces for a sufficient
length of time [9,10]. The development of caries is thus promoted when orally ingested
sugar interacts with bacterial plaque on tooth surfaces [11].
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The large amounts of sugar consumed across the globe during the last several decades
indicate that this threat to dental health is universal [6,12–14]. Moreover, sugar consumption
also has a dire effect on health economics: In terms of economic costs in the year 2010,
mono- and disaccharide-related dental diseases were associated with a global financial
burden of 172 billion USD, the largest share of which (151 billion USD) was incurred
in OECD countries [15]. Consequently, strategies designed to change dietary habits—in
particular, a reduction of sugar intake—are gaining attention in the field of dental science
as an approach to preventing caries, and, therefore, to improving oral health. There is,
hence, a need for more clinical trials to assess the effectiveness of interventions based on
psychological theory on reducing the dietary sugar intake in children, adolescents, and
adults, as Al Rawahi pointed out [16].

To be able to precisely plan and execute appropriate individual or group preventions,
it is, amongst other things, necessary to first collect reliable data on nutritional behaviours.
In particular, in regard to children, the informative value of such surveys conducted to
determine children’s nutritional behaviours (CNB) is, however, often limited. Chi et al.
(2015), for example, reported that it is problematic to accurately capture the dietary habits
of children and adolescents—in particular, in regard to their intake of sugar [17]. This
problem, in part, stems from the fact that it is unclear whether children’s own responses to
the CNB or those of their parents deliver more valid results.

Although various tools have been developed to survey children and adolescents in
this context, the publications on the topic frequently fail to disclose whether the results
were based on responses given by the children themselves or on responses given by their
parents [18–21]. Moreover, to date, hardly any studies have focused on surveying both
children and their parents to compare their responses in regard to CNB. Therefore, the
present study set out to investigate to what extent children’s responses to a questionnaire
surveying the frequency of their dietary sugar intake (the Marburg Sugar Index, MSI)
correlated with their parents’ responses to the same questionnaire reporting about their
children’s nutritional behaviour. An additional goal was to investigate whether correlations
diverged for families from different social classes. The following hypotheses were tested:

1. Children’s responses in regard to CNB and those of their parents correlate.
2. The sugar indices are correlated with the caries experience.

In addition, due to the expectation that parents and children in families with a higher
socioeconomic status (SES) talk about nutritional behaviour and oral hygiene more fre-
quently than families with a lower socioeconomic status, the following question was also
investigated: Are the correlations between responses given by parent–child pairs in regards
to CNB higher in families with higher SES than in lower-class families?

2. Study Population and Methods

This study evaluated data previously collected within the scope of a caries prevention
study carried out in the years 2010–2012 in primary schools in Northern Hesse, Ger-
many [22]. The data collected from the questionnaire and the final examination in this
previous study formed the dataset that was statistically evaluated in the present study
(data on caries experience, SES, and CNB).

In the original study, 43 out of 53 primary schools in the North Hessian District
“Waldeck-Frankenberg” (Germany) had participated in the project. Twenty schools were
chosen by lot to be included in an intensified prevention program based on toothbrushing
with elmex® gelée (fluoride content 12,500 ppm, elmex research/Colgate-Palmolive Europe
sàrl, Therwil, Switzerland) under the supervision of a “Tooth Brushing Fairy” (TBF) at
intervals of three weeks during school sessions (test group).

The study was approved by the ethics committee of the Faculty of Medicine, University
of Marburg, Germany (file number: study 146/10, chairman: Prof. G. Richter). In addition,
informed written consent was obtained from the parents of participating children before
the start of the study. Schoolchildren whose parents had not given written consent were
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excluded from the study. This was the case in less than 1% of the schoolchildren. Pupils
with severe physical or learning disabilities were also excluded.

To determine the caries experience and caries increment, a basic examination was
performed between September 2010 and May 2011 in 7- to 8-year-olds and a final exam-
ination in the same schoolchildren (9- to 10-year-olds) between August and November
2012 by using the International Caries Detection and Assessment System (ICDAS) [23]. The
dental examinations were performed by using plane mirrors, blunt periodontal probes,
compressed air for drying the teeth, and artificial light. No radiographs were taken. Instead,
fibreoptic transillumination was used.

Apart from dietary habits as the most important independent variable of interest, other
factors such as dental health knowledge, dental health behaviour, and attitudes toward
prevention were examined psychometrically.

The respective surveys with standardised questionnaires were carried out among the
then 8- to 11-year-olds and their parents shortly before the final dental examination. The
parents filled out their questionnaires at home. The schoolchildren, on the other hand,
completed their questionnaires in the classroom under the supervision of their class teacher,
the dental examiner, and a dental assistant. This supervision ensured that the children did
not influence each other while answering the questions and that they could ask the adults
for advice, if they did not understand a question.

The new diet questionnaire had been developed to examine dietary habits, with the
aim of obtaining information based on actual behaviours concerning eating habits relevant
to oral health [8]. In designing the CNB questionnaire, the following principles were
adhered to: Structured questions were formulated (“How often do you eat . . . ”) that were
related to specific everyday eating situations, especially between main meals, which proved
to be relevant for higher caries risk. The food items consumed in these situations should
contain foods harmless, as well as detrimental, to dental health (cariogenic).

The situations included

• Breakfast;
• Between-meal snacks;
• Watching television;
• Eating on the go.

The frequency of consumption of the listed food items was grouped into five options
(never, seldom, occasionally, often, and always), which were given point values from 0 to 4.
All checked foods and beverages that were tooth friendly were given a score of 0 points
during processing of the data, regardless of how often they were reportedly consumed. The
other foodstuffs were given the point scores listed above. For each situation, item scores
were counted as the sum of the point values of the indicated foods. The number of food
items varied between 7 and 11 in different situations. The questionnaire thus contained
about 60 possible answers. The questionnaires were also used at earlier points in the period
of a previous study and have, therefore, been described in depth in this context [24].

For further analyses, the item sum scores for all the situations were added to yield
the so-called sugar index. This index serves as an indicator of the frequency of mono-
and disaccharide intake, and a high value of the sugar index stands for unfavourable
eating habits. The calculation of the “Marburg Sugar Index” (MSI) has also been described
in earlier papers, where it was still called the “New Sugar Index” [8,22] The new diet
questionnaire and a description for calculating the “Marburg Sugar Index” (MSI) can be
found as online Supplementary. The link can be found behind “Supplementary Materials”.

In one of these papers, Winter et al. [22] also described the dichotomisation of the
surveyed families into different SES subgroups. Three different indications for the parents
were surveyed separately to calculate the SES and the respective characteristics of the
variables coded in ascending order:

• Schooling: ranging from no diploma up to high school diploma enabling university
attendance (1–5 points);

• Occupational training: ranging from no degree up to a university degree (1–4 points);



Nutrients 2022, 14, 1630 4 of 11

• Occupational status: ranging from unemployed up to academic/self-employed
(1–6 points).

The SES data were obtained separately for father and mother and combined into a
total score. Within a couple, the higher professional position was evaluated. If there was
only one parent in the family, or if the information of a partner was missing, the existing
information was used, whereby the determined value was doubled. The range of the
SES scores was 6–30. Thus, it was possible to dichotomise the parents into two different
subgroups according to their SES:

• Low class (Low SES): 6–18 points;
• Middle and upper class (Higher SES): 19–30 points.

Further detailed information on the study area and study population can be found in
previously published papers [8,22].

Statistical Analysis

Statistical analysis for the present study was performed using IBM® SPSS Version 24
software (IBM, Armonk, NY, USA). The confidence level for the significance tests with
two-sided testing was α = 0.05. The Pearson correlation coefficient r was calculated and
tested for “r = 0” as a measure of the linear relationship between the MSI score determined
on the basis of the children’s or parents’ data. Furthermore, a test for equality of the
correlation was performed, where N was the testing variable for the difference between
two correlations. The association between the sugar indices and the caries experiences was
evaluated by Spearman’s Rho.

3. Results

In total, 1089 fourth graders had filled out children’s questionnaires, while 829 filled-
out parent questionnaires, which had been taken home, were returned. During the evalua-
tion, it turned out that some of the participants in the survey did not respond to all of the
food items. For this reason, two groups were formed for the statistical analysis:

• Group A comprised matched parent–child pairs who had responded to all of the food
items in the diet section of the questionnaire.

• Group B comprised matched parent–child pairs who did not respond to all of the food
items in the diet section of the questionnaire.

Details on the studied collective and the distribution thereof in the various subgroups
are presented in Figure 1 and Table 1.

Figure 1. Overview of the study population (children and parents) and the distribution among
the different subgroups (Group A—questionnaires with a fully completed diet section; Group B—
questionnaires with incompletely completed diet sections; SES—socioeconomic status).
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Table 1. Demographic description of schoolchildren from the parent–child pairs of Group A and
Group B (gender and age distributions).

Gender Age Distribution Total

Boys Girls 8 yrs 9 yrs 10 yrs 11 yrs

Group A
n 216 213 28 307 91 3 429

50.3% 49.7% 6.5% 71.6% 21.2% 0.7% 100%
Group B

n 187 213 26 281 85 8 400
46.8% 53.2% 6.6% 70.3% 21.3% 2.0% 100%

Data from Group A, in which 681 children’s questionnaires and 429 parents’ question-
naires were available, were used to test our hypotheses. In this group, the questionnaires
for 429 parents and their children could be matched to yield a total of 429 parent–child pairs
for comparison. Based exclusively on the responses of the 429 schoolchildren belonging
to these parent–child pairs, a mean MSI score of 48.6 was calculated for their nutritional
behaviours (Table 2). A mean MSI score of 49.8 was calculated based exclusively on the
responses from the 429 parental questionnaires. The distributions in each of these two sub-
groups did not deviate significantly from the normal distribution. The MSI scores for
the two subgroups were, however, significantly correlated (r = 0.301/p < 0.001). Further
statistical values for Group A are given in Table 2.

Table 2. Mean values of the MSI scores of the children and parents from Group A.

Children Parents

n 429 429
MSI score (mean) 48.6 49.8
MSI score (min) 23 29

Median 48 49
MSI score (max) 83.0 89.0

±SD 10.4 8.6
The maximum possible value of the MSI is 125.

To gain a more complete picture, the results for Group B, in which the question-
naires were not wholly completed, were similarly evaluated. In this group, 408 children’s
questionnaires and 400 parents’ questionnaires were available. Additionally, in this evalu-
ation, only questionnaires that were filled out by both parent and child were considered
(i.e., n = 400 parent–child pairs).

Table 3 shows the frequencies for the individual items omitted in the children’s and in
the parents’ diet questionnaires. As can be seen, in 85% of the cases, the participants omitted
no more than two items. There was thus still sufficient data to also estimate the correlation
between the parent–child responses in Group B. The correlation between the MSI scores
determined from the children’s questionnaires and those determined from the parents’
questionnaires was also found to be significant in this group. The correlation coefficient
for this group was r = 0.226 (p < 0.001). The test for equality of the correlation showed no
statistically significant difference between the two correlations (N = 1.156, p = 0.124).

Table 3. Frequencies of missing data for children and parents (Group B) in the diet section of the
questionnaire (number of items was 22).

Number of Omitted Items Children (%) Parents (%)

0–1 70.0 80.8
2 13.5 7.5
3 5.5 2.3

4–5 5.3 5.0
6 and more 5.7 4.5
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3.1. Correlation between the Children’s Caries Experience and the Sugar Indices of the
Parent–Child Pairs

Figure 2 shows the distribution of the dfs scores for schoolchildren from Group A.

Figure 2. Distribution of the dfs scores (d1–6fs and d3–6fs) for schoolchildren from Group A.

Table 4 shows the correlation between the sugar scores determined from the children’s
responses and the caries scores d1–6fs and d3–6fs for Group A, as well as for those deter-
mined from the parents’ responses. Three of the correlations were statistically significant.

Table 4. Correlations of the MSI scores calculated from the parents and children’s responses with the
outcome variables d1–6fs and d3–6fs from Group A.

d1–6fs d3–6fs

MSI Score
(Children)

MSI Score
(Parents)

MSI Score
(Children)

MSI Score
(Parents)

n 429 429 429 429
Spearman’s Rho 0.107 0.111 0.053 0.111

p-value 0.026 * 0.021 * 0.275 0.022 *
* Statistically significant.

3.2. SES and Correlations between the MSI Values for Parent–Child Pairs
3.2.1. Group A

Four hundred and eighteen (418) parent–child pairs with fully answered question-
naires could be dichotomised into groups with higher and lower socioeconomic statuses. Of
the 418 questionnaire pairs, 230 questionnaire pairs (53.6%) were from families belonging to
a lower SES group (low SES), and 188 (43.8%) of the questionnaire pairs were from families
belonging to a higher SES group (high SES). In 11 cases, parents did not disclose which
social class the family belonged to (Figure 1 and Table 5). The correlation coefficient for the
MSI values for the parent–child pairs from lower SES families was r = 0.206 (p = 0.002) and
r = 0.425 (p < 0.001) for those from higher SES families. The test for equality of the correla-
tion showed a statistically significant difference between the two correlations (N = 2.471,
p = 0.013). Figure 3 illustrates the correlations between the MSI scores for the parent–child
pairs in Group A for both status classes in scatterplots.
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Table 5. Correlation of the MSI scores for all parent–child pairs with different SES from Group A and
Group B.

Total Low SES High SES

Group A
n 429 230 188

r-value 0.301 0.206 0.425
p-value <0.001 * 0.002 * <0.001 *

Group B
n 400 212 172

r-value 0.226 0.212 0.225
p-value <0.001 * 0.002 * 0.003 *

* Statistically significant.

Figure 3. Correlation of the MSI scores for all parent–child pairs with different SES from Group A:
(a) left—Group A, families with high SES; (b) right—Group A, families with low SES.

3.2.2. Group B

The correlation coefficient for the MSI values for the parent–child pairs in Group B
was r = 0.212 (p = 0.002) for families with low SES and r = 0.225 (p = 0.003) for families
with high SES. The test for equality of the correlation showed no statistically significant
difference between the two correlations (N = 0.132, p = 0.895).

Depending on how fully the questionnaires were completed, the correlation between
the MSI scores for the children and those of the parents was, thus, more marked for families
with high SES than for families with low SES (Figure 3 and Table 5). This was true for
Group A but not for Group B.

4. Discussion

In an earlier study, Pieper et al. already gained important insights in regards to the
use of their newly developed nutrition questionnaire [8]. The researchers reported that
the questionnaire, which was used as a data collection tool, “(a) gave a good depiction of
eating habits relevant to dental health, as the correlation with caries experience showed;
(b) showed a good acceptance for children and (c) that a content validity can be claimed”.
The results of the current study, which were based on data acquired in the context of
Winters et al.’s study [22], have yielded even further insights. In light of the fact that the
correlation between the children’s answers and those of their parents in respect to CNB
was found to be significant, Hypothesis 1 of our study can thus be accepted. Similarly, our
results also corroborate Hypothesis 2.

The finding that both the children and their parents provided correlating information
in respect to CNB is important for several reasons. On the one hand, this shows that parents
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do seem to have a good idea of their children’s CNB, even if the correlation between their
responses and those of their children was not strong enough to suggest that one of these
responders might be replaced by the other. On the other hand, this confirms that predictions
about caries experience and caries increment are possible both on the basis of CNB data
given by the children, as well as on the basis of that given by their parents.

Moreover, the results show that the correlation between MSI values in parent–child
pairs was similar, regardless of whether the calculations of the sugar indices were based
on completely or on incompletely answered questionnaires. This finding suggests that
the level of sugar consumption can be confidently estimated even if a few items in the
questionnaire are omitted.

Furthermore, as the evaluation of the results shows, the MSI scores in regard to CNB
correlated more strongly within parent–child pairs in families with high SES than in families
with low SES. Our second hypothesis, thus, is also confirmed.

To date, the published literature has consisted mainly of studies based on CNB ques-
tionnaire surveys that were conducted exclusively on groups of children, adolescents, or
adults [18–21,25]. However, the validity of surveys conducted exclusively on children is a
controversial topic. In this respect, the ages of the surveyed children must be considered a
decisive factor.

Since children’s cognitive ability to self-report on the foods they eat only begins to
rapidly increase from the ages of 7 to 8 years onwards, parents have been found to be the
more reliable reporters of their child’s food intake in children younger than this [26]. From
the ages of 10 to 12 years onward, children are then generally able to reliably report their
own food intake; however, it should be borne in mind that, in adolescents, self-reports in
this respect can be subject to distortion, due not only to less interest in this age group in
participating in surveys of this kind, but also to the influence of peer groups or even social
desirability [26].

Although the correlation between the MSI scores from the children’s questionnaires
and the parents’ questionnaires was found to be only moderate in our study, it was,
nonetheless, still significant. In Group A, the mean values for these scores were close
together (Table 1). For some of the parent–child pairs in this group, the responses given by
the children and their parents diverged considerably on an individual basis. This finding
can also be seen in the corresponding scatterplots: Some of the MSI values calculated on the
basis of the children’s questionnaires were almost twice as high as the MSI scores calculated
on the basis of their parents’ questionnaires (Figure 3).

Determination of the MSI score is important in terms of being able to offer and
implement individual measures in dental practices. Since 1993, statutory health insurances
in Germany, in which around 90% of the population are enrolled, have included various
individual prophylactic dental measures in the scope of their services [27,28]. In 2019,
the scope of this service was further expanded to also include dental screening programs
for young children [29]. In Germany, every child aged between 6 months and 17 years
is thus entitled to a range of preventive services that also encompass dietary oral health
counselling by a dentist [30]. Guidance for dentists on how best to assess the dietary habits
of their patients has, however, been lacking so far.

Our questionnaire is fundamentally a suitable tool for this purpose, as it allows the
recording of dietary intake in everyday situations, and the responses to the included
questions can serve as a basis from which to determine the counselling needs of patients
in regards to their current nutritional risks [8]. Pieper et al. (2019) previously identified
various aspects that could help dentists use both the questionnaire and the sugar index
calculated on the basis of the responses sensibly within their daily clinical routine. The
authors of that study offered the following suggestion: “The patients could be advised
to reduce their sugar index to a value below the median, if they want to make a greater
contribution to prevention by reducing their sugar intake” [8].

As the results of the present study show, the responses of the 8- to 11-year-olds who
participated in the survey were nearly as reliable as those given by their parents. This
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insight is corroborated by the fact that no significant differences were found between the
correlations (Table 4). Livingston and Robson also emphasised in their publication that
parents are usually well able to report on their children’s CNB at home [26].

As Pieper et al.’s (2019) previously published article on MSI reported, parents consid-
erably influence their children’s CNB [8]. In that study, a significant correlation between
caries experience and sugar consumption was found for the deciduous teeth of fourth
graders. This observation led the authors to conclude that caries experience in deciduous
teeth was largely related to the dietary habits of families.

As can be seen in Figure 2, the deviation in the MSI scores between parents and
children in the parent–child pairs from lower social classes was greater than that for the
parent–child pairs from higher social classes. This finding may be related to differences in
dietary behaviours in different social settings. Further independent variables that may act
as confounding factors on the correlation between sugar consumption and caries experience
have been described elsewhere [31–38]. Socioeconomic status (SES) is one of the named
factors [22,24,35].

Winter et al. (2018) thus reported that the caries experiences of children from families
with low SES are greater than those of children from families with high SES [22]. They,
however, also reported that the early implementation of intensive prevention programs
can help level out this initial disadvantage [22]. It is on the basis of these findings that
Winter et al. deduced that group prophylaxis could prove to be a pertinent measure,
especially in socially problematic settings (deprived areas and suburbs), as the prerequisite
for individual prophylaxis in children is that they are taken to a dental practice or dental
clinic. As various other authors have also pointed out, visits not only to dentists but, also,
to paediatricians may pose barriers to the acceptance of preventive measures in families
with low SES [31,39]. A study conducted by Hong et al. (2018) illustrated that children with
a low social status not only consume more sugar than children with a high social status,
they also visit the dentist less frequently [31].

Children from families in which both parents hold out-of-home jobs frequently attend
full-time schools or day-care centres or are looked after by other persons, such as grandpar-
ents or childminders. Our current study did not include a survey of persons from these
groups, but it might prove interesting to also survey persons from the children’s wider
circle of care providers in future studies on CNB.

5. Conclusions

The dietary questionnaires used in this study are a tool to gather data on CNB. Since
the reliability of the responses children give to the items on the questionnaire depends
on the child’s age, it is advisable to also include parents or other caregivers from the
child’s social circle in the survey, especially for young children. The results of the present
study corroborate that the used questionnaire is suitable for surveys in various groups
(i.e., children and their parents) and delivers interpretable results. Both the responses given
by the children and by their parents proved to be a suitable means to portray relevant
dietary behaviours that predict oral health. The questionnaire and the MSI score determined
from the responses can thus be used as a tool in everyday practice by dental professionals,
such as regular dentists, dental hygienists, or dentists working for the public health services.
This gain in information on CNB can help increase the effectiveness of individual or group
preventive measures and can help the dentist custom tailor dietary advice to the patient’s
individual needs.

Supplementary Materials: The new diet questionnaire and a description for calculating the “Marburg
Sugar Index” (MSI) can be found as online Supplementary Files S1 and S2 (see www.karger.com/
doi/10.1159/000486102 for all online Supplementary Materials).

Author Contributions: Conceptualisation, K.P. and J.M.-S.; methodology, K.P. and M.H.-G.; software,
M.H.-G.; validation, K.P., J.M.-S. and M.H.-G.; formal analysis, M.H.-G. and K.P.; investigation, K.P.;
data curation, M.H.-G., K.P. and P.S.; writing—original draft preparation, P.S. and K.P.; writing—

www.karger.com/doi/10.1159/000486102
www.karger.com/doi/10.1159/000486102


Nutrients 2022, 14, 1630 10 of 11

review and editing, K.P., A.G.S. and J.M.-S.; visualisation, P.S. and M.H.-G.; project administration,
K.P.; and funding acquisition, K.P. All authors have read and agreed to the published version of
the manuscript.

Funding: The present study results are based on a secondary evaluation of a previously published
prevention study funded by Colgate-Palmolive Europe sàrl Switzerland, Grabetsmattweg, 4106
Therwil, (funding number: GASAS-1005X).

Institutional Review Board Statement: The present study results are based on a secondary evalua-
tion of a previously published prevention study, which was approved by the Ethics Committee of
the Faculty of Medicine, University of Marburg, Germany (file number: study 146/10, chairman:
G. Richter).

Informed Consent Statement: Informed consent was obtained from all parents whose children
participated in the previously published prevention study.

Data Availability Statement: Not applicable.

Acknowledgments: The data were, in part, already presented orally and with a poster presen-
tation at the 26th Congress of the German Association of the Paediatric Dentistry (DGKIZ) in
Vienna/Austria (2019).

Conflicts of Interest: The authors declare no conflict of interest, and the funder Colgate-Palmolive AG
Switzerland played no role in the analysis and interpretation of the data or in the design, execution,
or writing of the study.

References
1. Garcia-Closas, R.; Garcia-Closas, M.; Serra-Majem, L. A cross-sectional study of dental caries, intake of confectionery and foods

rich in starch and sugars, and salivary counts of Streptococcus mutans in children in Spain. Am. J. Clin. Nutr. 1997, 66, 1257–1263.
[CrossRef] [PubMed]

2. Schulte, A.G.; Tsakos, G. The Joint ORCA-EADPH Symposium on Sugar: The Oral Health Perspective—A Commentary. Caries
Res. 2019, 53, 145–148. [CrossRef] [PubMed]

3. Hancock, S.; Zinn, C.; Schofield, G. The consumption of processed sugar- and starch-containing foods, and dental caries: A
systematic review. Eur. J. Oral Sci. 2020, 128, 467–475. [CrossRef] [PubMed]

4. Sheiham, A.; James, W.P. A new understanding of the relationship between sugars, dental caries and fluoride use: Implications
for limits on sugars consumption. Public Health Nutr. 2014, 17, 2176–2184. [CrossRef]

5. Moynihan, P.J.; Kelly, S.A. Effect on caries of restricting sugars intake: Systematic review to inform WHO guidelines. J. Dent. Res.
2014, 93, 8–18. [CrossRef]

6. Macigo, F.G.; James, R.M.; Ogunbodede, E.; Gathece, L.W. Sugar consumption and dental caries experience in Kenya. Int. Dent. J.
2016, 66, 158–162. [CrossRef]

7. Ahovuo-Saloranta, A.; Forss, H.; Hiiri, A.; Nordblad, A.; Makela, M. Pit and fissure sealants versus fluoride varnishes for
preventing dental decay in the permanent teeth of children and adolescents. Cochrane Database Syst. Rev. 2016, 1, CD003067.
[CrossRef]

8. Pieper, K.; Winter, J.; Heinzel-Gutenbrunner, M.; Margraf-Stiksrud, J. Association between a New Sugar Index and Caries
Experience: Results of a Cross-Sectional Field Study. Caries Res. 2019, 53, 160–167. [CrossRef]

9. König, K.G.; Navia, J.M. Nutritional role of sugars in oral health. Am. J. Clin. Nutr. 1995, 62, 275S–282S; discussion 282S–283S.
[CrossRef]

10. König, K.G. Diet and oral health. Int. Dent. J. 2000, 50, 162–174. [CrossRef]
11. Kleemola-Kujala, E.; Rasanen, L. Relationship of oral hygiene and sugar consumption to risk of caries in children. Community

Dent. Oral Epidemiol. 1982, 10, 224–233. [CrossRef]
12. Ismail, A.I.; Tanzer, J.M.; Dingle, J.L. Current trends of sugar consumption in developing societies. Community Dent. Oral

Epidemiol. 1997, 25, 438–443. [CrossRef]
13. Llena, C.; Forner, L. Dietary habits in a child population in relation to caries experience. Caries Res. 2008, 42, 387–393. [CrossRef]
14. Della Corte, K.; Fife, J.; Gardner, A.; Murphy, B.L.; Kleis, L.; Della Corte, D.; Schwingshackl, L.; LeCheminant, J.D.; Buyken, A.E.

World trends in sugar-sweetened beverage and dietary sugar intakes in children and adolescents: A systematic review. Nutr. Rev.
2021, 79, 274–288. [CrossRef]

15. Meier, T.; Deumelandt, P.; Christen, O.; Stangl, G.I.; Riedel, K.; Langer, M. Global Burden of Sugar-Related Dental Diseases in
168 Countries and Corresponding Health Care Costs. J. Dent. Res. 2017, 96, 845–854. [CrossRef]

16. Al Rawahi, S.H.; Asimakopoulou, K.; Newton, J.T. Theory based interventions for caries related sugar intake in adults: Systematic
review. BMC Psychol. 2017, 5, 25. [CrossRef]

http://doi.org/10.1093/ajcn/66.5.1257
http://www.ncbi.nlm.nih.gov/pubmed/9356546
http://doi.org/10.1159/000490951
http://www.ncbi.nlm.nih.gov/pubmed/30086549
http://doi.org/10.1111/eos.12743
http://www.ncbi.nlm.nih.gov/pubmed/33156952
http://doi.org/10.1017/S136898001400113X
http://doi.org/10.1177/0022034513508954
http://doi.org/10.1111/idj.12208
http://doi.org/10.1002/14651858.CD003067.pub4
http://doi.org/10.1159/000486102
http://doi.org/10.1093/ajcn/62.1.275S
http://doi.org/10.1111/j.1875-595X.2000.tb00555.x
http://doi.org/10.1111/j.1600-0528.1982.tb00384.x
http://doi.org/10.1111/j.1600-0528.1997.tb01735.x
http://doi.org/10.1159/000154784
http://doi.org/10.1093/nutrit/nuaa070
http://doi.org/10.1177/0022034517708315
http://doi.org/10.1186/s40359-017-0194-z


Nutrients 2022, 14, 1630 11 of 11

17. Chi, D.L.; Hopkins, S.; O’Brien, D.; Mancl, L.; Orr, E.; Lenaker, D. Association between added sugar intake and dental caries in
Yup’ik children using a novel hair biomarker. BMC Oral Health 2015, 15, 121. [CrossRef]

18. Hinnig Pde, F.; Mariath, A.B.; Freaza, S.R.; Gambardella, A.M.; Bergamaschi, D.P. Development of a food frequency questionnaire
for children from 7 to 10 years old. Rev. Bras. Epidemiol. 2014, 17, 479–494. [CrossRef]

19. Kobayashi, T.; Tanaka, S.; Toji, C.; Shinohara, H.; Kamimura, M.; Okamoto, N.; Imai, S.; Fukui, M.; Date, C. Development of a
food frequency questionnaire to estimate habitual dietary intake in Japanese children. Nutr. J. 2010, 9, 17. [CrossRef]

20. Neelakantan, N.; Whitton, C.; Seah, S.; Koh, H.; Rebello, S.A.; Lim, J.Y.; Chen, S.; Chan, M.F.; Chew, L.; van Dam, R.M.
Development of a Semi-Quantitative Food Frequency Questionnaire to Assess the Dietary Intake of a Multi-Ethnic Urban Asian
Population. Nutrients 2016, 8, 528. [CrossRef]

21. Bertoli, S.; Petroni, M.L.; Pagliato, E.; Mora, S.; Weber, G.; Chiumello, G.; Testolin, G. Validation of food frequency questionnaire
for assessing dietary macronutrients and calcium intake in Italian children and adolescents. J. Pediatr. Gastroenterol. Nutr. 2005, 40,
555–560. [CrossRef]

22. Winter, J.; Jablonski-Momeni, A.; Ladda, A.; Pieper, K. Long-term effect of intensive prevention on dental health of primary
school children by socioeconomic status. Clin. Oral. Investig. 2018, 22, 2241–2249. [CrossRef]

23. Pitts, N. “ICDAS”—An international system for caries detection and assessment being developed to facilitate caries epidemiology,
research and appropriate clinical management. Community Dent. Health 2004, 21, 193–198.

24. Pieper, K.; Dressler, S.; Heinzel-Gutenbrunner, M.; Neuhäuser, A.; Krecker, M.; Wunderlich, K.; Jablonski-Momeni, A. The
influence of social status on pre-school children’s eating habits, caries experience and caries prevention behavior. Int. J. Public
Health 2012, 57, 207–215. [CrossRef]

25. Kiwanuka, S.N.; Astrom, A.N.; Trovik, T.A. Sugar snack consumption in Ugandan schoolchildren: Validity and reliability of a
food frequency questionnaire. Community Dent. Oral Epidemiol. 2006, 34, 372–380. [CrossRef]

26. Livingstone, M.B.; Robson, P.J. Measurement of dietary intake in children. Proc. Nutr. Soc. 2000, 59, 279–293. [CrossRef]
27. Bundegesundheitsministerium. Mitglieder und Versicherte der Gesetzlichen Krankenversicherung (GKV). Available online: https:

//www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/
mitglieder-und-versicherte.html (accessed on 10 March 2022).

28. Pieper, K.; Schulte, A.G. The decline in dental caries among 12-year-old children in Germany between 1994 and 2000. Community
Dent. Health 2004, 21, 199–206. [PubMed]

29. Bundesgesundheitsministerium. Bekanntmachung eines Beschlusses des Gemeinsamen Bundesausschusses über die Richtlinien
des Bundesausschusses der Zahnärzte und Krankenkassen über die Früherkennungsuntersuchungen auf Zahn-, Mund- und
Kieferkrankheiten (zahnärztliche Früherkennung gemäß § 26 Absatz 1 Satz 2 des Fünften Buches Sozialgesetzbuch–SGB V)–
Neufassung–vom: 17.01.2019, BAnz AT 28.05.2019 B2. Available online: https://www.bundesanzeiger.de/pub/de/amtliche-
veroeffentlichung?13 (accessed on 11 April 2022).

30. Gemeinsamer Bundesausschuss. Richtlinien Individualprophylaxe—Richtlinien des Bundesausschusses der Zahnärzte und
Krankenkassen über Maßnahmen zur Verhütung von Zahnerkrankungen (Individualprophylaxe). Available online: https:
//www.g-ba.de/downloads/62-492-10/2003-06-04_IP-RL.pdf (accessed on 11 March 2022).

31. Hong, J.; Whelton, H.; Douglas, G.; Kang, J. Consumption frequency of added sugars and UK children’s dental caries. Community
Dent. Oral Epidemiol. 2018, 46, 457–464. [CrossRef] [PubMed]

32. Goodwin, M.; Patel, D.K.; Vyas, A.; Khan, A.J.; McGrady, M.G.; Boothman, N.; Pretty, I.A. Sugar before bed: A simple dietary risk
factor for caries experience. Community Dent. Health 2017, 34, 8–13. [CrossRef] [PubMed]

33. Johansson, I.; Holgerson, P.L.; Kressin, N.R.; Nunn, M.E.; Tanner, A.C. Snacking habits and caries in young children. Caries Res.
2010, 44, 421–430. [CrossRef] [PubMed]

34. Tramini, P.; Molinari, N.; Tentscher, M.; Demattei, C.; Schulte, A.G. Association between caries experience and body mass index
in 12-year-old French children. Caries Res. 2009, 43, 468–473. [CrossRef]

35. Maliderou, M.; Reeves, S.; Noble, C. The effect of social demographic factors, snack consumption and vending machine use on
oral health of children living in London. Br. Dent. J. 2006, 201, 441–444; discussion 437; quiz 466. [CrossRef]

36. Okullo, I.; Astrom, A.N.; Haugejorden, O.; Rwenyonyi, C.M. Variation in caries experience and sugar intake among secondary
school students in urban and rural Uganda. Acta Odontol. Scand. 2003, 61, 197–202. [CrossRef]

37. Gordon, Y.; Reddy, J. Prevalence of dental caries, patterns of sugar consumption and oral hygiene practices in infancy in S. Africa.
Community Dent. Oral Epidemiol. 1985, 13, 310–314. [CrossRef]

38. Eronat, N.; Koparal, E. Dental caries prevalence, dietary habits, tooth-brushing, and mother’s education in 500 urban Turkish
children. J. Marmara Univ. Dent. Fac. 1997, 2, 599–604.

39. Robert Koch Institut. Inanspruchnahme von Früherkennungsuntersuchungen. Faktenblatt zu KiGGS Welle 1: Studie zur Gesundheit von
Kindern und Jugendlichen in Deutschland—Erste Folgebefragung 2009–2012; RKI: Berlin, Germany, 2015.

http://doi.org/10.1186/s12903-015-0101-z
http://doi.org/10.1590/1809-4503201400020015ENG
http://doi.org/10.1186/1475-2891-9-17
http://doi.org/10.3390/nu8090528
http://doi.org/10.1097/01.MPG.0000153004.53610.0E
http://doi.org/10.1007/s00784-017-2318-5
http://doi.org/10.1007/s00038-011-0291-3
http://doi.org/10.1111/j.1600-0528.2006.00287.x
http://doi.org/10.1017/S0029665100000318
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/mitglieder-und-versicherte.html
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/mitglieder-und-versicherte.html
https://www.bundesgesundheitsministerium.de/themen/krankenversicherung/zahlen-und-fakten-zur-krankenversicherung/mitglieder-und-versicherte.html
http://www.ncbi.nlm.nih.gov/pubmed/15470829
https://www.bundesanzeiger.de/pub/de/amtliche-veroeffentlichung?13
https://www.bundesanzeiger.de/pub/de/amtliche-veroeffentlichung?13
https://www.g-ba.de/downloads/62-492-10/2003-06-04_IP-RL.pdf
https://www.g-ba.de/downloads/62-492-10/2003-06-04_IP-RL.pdf
http://doi.org/10.1111/cdoe.12413
http://www.ncbi.nlm.nih.gov/pubmed/30125961
http://doi.org/10.1922/CDH_3926Goodwin06
http://www.ncbi.nlm.nih.gov/pubmed/28561551
http://doi.org/10.1159/000318569
http://www.ncbi.nlm.nih.gov/pubmed/20720422
http://doi.org/10.1159/000264684
http://doi.org/10.1038/sj.bdj.4814072
http://doi.org/10.1080/00016350310003882
http://doi.org/10.1111/j.1600-0528.1985.tb00462.x

	Introduction 
	Study Population and Methods 
	Results 
	Correlation between the Children’s Caries Experience and the Sugar Indices of the Parent–Child Pairs 
	SES and Correlations between the MSI Values for Parent–Child Pairs 
	Group A 
	Group B 


	Discussion 
	Conclusions 
	References

