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Abstract

Objective: The objective of the present study was to investigate the association
between salivary counts of mutans streptococci (MS) and children’s weight status,
while considering associated covariates. MS ferments carbohydrates from the diet
and contributes to caries by lowering the pH in dental plaque. In adults, high
counts of MS in saliva have been associated with overweight, but this has not been
shown in children.

Design: Cross-sectional study investigating salivary counts of MS, BMI Z-score, waist
circumference, meal frequency, sugar propensity and sleep duration, in children.
Setting: West Sweden.

Subjects: Children (n 271) aged 4-11 years.

Results: Medium-high counts of MS were positively associated with higher
BMI Z-score (OR=1-6; 95% CI 1-1, 2-3). Positive associations were also found
between medium-high counts of MS and more frequent meals per day (OR=1-5;
95 % CI 1-1, 2-2), greater percentage of sugar-rich foods consumed (OR=1-1; 95 %
CI 1-0, 1-3) and female sex (OR = 2-4; 95 % CI 1-1, 5-4). A negative association was

found between medium-high counts of MS and longer sleep duration (OR=0-5; ;(m;l;r;:
95 % CI 0-3, 1-0). IDEFICS

Conclusions: BMI Z-score was associated with counts of MS. Promoting adequate
sleep duration and limiting the intake frequency of sugar-rich foods and beverages
could provide multiple benefits in public health interventions aimed at reducing
dental caries and childhood overweight.

Mutans streptococci
Meal frequency
Sugar propensity
Sleep duration

During the last decades levels of dental caries seem to be
increasing worldwide® reflecting the well-known devel-
opment of childhood obesity. This has led to recent
interest in the relationship between caries and obesity as
they may have common aetiologies that lend themselves
to common solutions*®. For instance, intake of sugar-
sweetened beverages has been positively associated with
BMI in children®. Sugar, especially in large quantity and
when consumed frequently, is also known to contribute to
the development of caries®”. Further, shorter sleep
duration and nocturnal eating have been associated with
overweight and obesity®!? as well as with dental
disease ™1,
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The cariogenic micro-organism mutans streptococci
(MS), an important factor in the development of caries,
ferments carbohydrates from the diet and contributes to
caries by lowering the pH in dental plaque, resulting in
tooth demineralization®'®. High counts of MS in saliva can
be used as a biomarker for intake of fermentable carbo-
hydrates''*, and positive associations between MS and BMI
have been identified in adults">*” but not in children"®
or adolescents’”. Given the obesity epidemic, the link
between overweight and risk of dental caries is of interest.
The objective of present study was to investigate the
potential relationship between counts of MS and weight
status in children while considering important covariates.
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Methods

Participants

The present study included 294 children, aged 4-11 years,
from the Swedish cohort of the IDEFICS study (Identifi-
cation and prevention of Dietary- and lifestyle-induced
health Effects In Children and infantS). IDEFICS is a pro-
spective cohort study on child health with an embedded
community-based intervention, including eight centres in
Europe. The diet part of the intervention aimed to improve
dietary habits by increasing daily consumption of water,
fruits and vegetables''” and thereby decreasing intake of
added sugars. Ethics approval was obtained from the
central ethical review board in Gothenburg. Parents pro-
vided written informed consent, and children gave oral
consent for examinations and sample collections. Further
information about the IDEFICS study can be obtained from
previous reports(w'ZO) .

Data on anthropometrics, diet and sleep were collected
during 2009 to 2010 when 1511 (84 %) children from the
Swedish cohort returned for a follow-up. Saliva was
collected in connection with a dietary sub-study, preceded
by a strategic sampling to represent both the control
(Alingsas and Molndal) and intervention (Partille) areas in
Sweden, including 728 children, of whom 40 % provided a
saliva sample. Reasons for not providing saliva were lack
of time, child refused or parents did not want their child to
chew the paraffin. After excluding twenty-four children
because of inconclusive data on saliva (12 3), missing diet
information (z 18) and incomplete anthropometric data
(n 3), 271 children are included in the present study.

Cariogenic bacteria in saliva

Paraffin-stimulated saliva was collected during a fasting
morning examination and sent to the Department of
Cariology at the Dental School in Gothenburg, where it was
processed within 24 h. The saliva was shaken on a Whirli-
mixer, diluted in tenfold steps in 0-05-m phosphate buffer
and plated on Mitis Salivarius-Bacitracin agar. The agar
plates were incubated anaerobically at 37°C for 2 d. Colony-
forming units (CFU) of MS were counted and identified by
their colony morphology*" and divided into two groups for
categorical analysis: medium-high counts (>10° CFU/ml),
also referred to as ‘higher’, and low counts (<10° CFU/ml).
These thresholds are commonly used in dental research and
known to predict high or low risk of caries®?.

Meal frequency, sugar propensity and sleep

Meal frequency and sleep duration were calculated from
SACINA (Self-Administered Children and Infant Nutrition
Assessment), a 24h diet recall (24-HDR) program‘®.
The parents or other caregivers, assisted by a registered
dietitian, reported what the child had been eating and
drinking the previous 24 h, as well as wake-up time and
bed time.
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Due to the high day-to-day variation in diet®**>, usual

sugar intake was estimated using the sugar propensity
ratio derived from a reproducible®® and validated®”
FFQ. The sugar propensity ratio is defined as the sum of
sugar-rich foods and beverages divided by the sum of all
foods reported. A more detailed description of the sugar
propensity ratio is presented elsewhere®**”,

Amntbropometrics

Weight of the children was measured to the nearest 0-1 kg
by a Tanita BC 420 SMA scale and height was measured to
the nearest 0-1 cm by a SECA 225 stadiometer. Measure-
ments were done in the morning, with the children fasting
and wearing only underwear. Waist circumference was
measured according to a standard protocol®”. Age- and
gender-specific BMI and BMI Z-scores for children and
adolescents developed by the International Obesity Task
Force®” were calculated.

Parental education

Data on education level was based on the International
Standard Classification of Education (ISCED) for cross-
country comparability®® and used to determine the
maximum highest level of the parents” education, a proxy for
socio-economic status. Levels 1-3 represent upper second-
ary school and are classified as low education level while
levels 4-6 represent post-secondary education and are

classified as high education level.

Statistics

Descriptive statistics were used to define basic character-
istics, i.e. mean and standard deviation for continuous
variables, and number and percentage for binary
variables. For comparison by MS (medium-high v. low)
the Student ¢ test was used for continuous variables (age,
sugar propensity ratio, sleep duration, meal frequency,
BMI Z-score, waist circumference) and Pearson’s y* test to
compare categorical variables (sex, education level,
intervention exposure). Age-adjusted univariate logistic
regression was used to investigate the association of
potential covariates with medium-high counts of MS. The
final model was obtained by multiple logistic regression
with stepwise forward selection among the whole set of
covariates. Area under the receiver-operating character-
istic curve was used to estimate how well the final model
predicted the outcome™®. To examine the possible effect
of dietary under-reporting, and age respectively, sensitivity
analyses were performed by excluding participants with
only one meal reported (7 4) in the 24-HDR, and by for-
cing age into the multivariable model. For calculation of
the area under the receiver-operating characteristic curve,
the statistical software package SAS version 9-3 was used,
otherwise data were analysed using IBM SPSS Statistics
Version 20. The significance level was set to 0-05.
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Results

Descriptive properties and comparison by MS status are
presented in Table 1. Medium-high counts of MS were found
among 18 % of the children. Low counts were found in 82 %
(including children with counts below the detection limit).
No differences were found between the low and medium-—
high counts group regarding the proportion of females (44 v.
52 %, P=0-30), of high parental education level (86 v. 80 %,
P=0-40) or of being in the intervention group (59 v. 58 %,
P=0-9). Children with higher counts were older (P=0-01),
reported greater sugar propensity ratio (P=0-02), less sleep
(P=0-00) and more frequent meals (P=0-03). Additionally,
they had larger waist circumference (P=0-03) and

Table 1 Distribution of variables by bacterial status (low v.
medium-high counts of mutans streptococci) among children
(n 271) aged 4-11 years, the IDEFICS Sweden study

Medium—high

Low counts* counts

(<10°CFU/  (>10° CFU/

ml, n 223) ml, n 48)
Variable Mean sp Mean sp Pvaluet
Age (years) 82 19 89 16 0-01
Sugar propensity ratio (%) 219 35 235 46 0-02
Sleep duration (h) 101 07 97 06 0-00
Number of meals 556 1.2 59 12 0-03
BMI Z-score 01 13 05 12 0-05

Waist circumference (cm)  57- 68 605 84 0.03

IDEFICS, Identification and prevention of Dietary- and lifestyle-induced
health Effects In Children and infantS; CFU, colony-forming units;
MS, mutans streptococci.

*No. of participants below detection limit of MS (200 CFU/ml) =183 (67-5 %);
median (interquartile range) count of MS among participants with MS above
detection limit=1-3 (0-46—13-8) x 10° CFU/ml.

1P values from t test for continuous variables.

Table 2 Odds ratios for medium-high counts of mutans strepto-
cocci among children (n 271) aged 4-11 years, the IDEFICS
Sweden study*

Variable OR 95% ClI P value
Univariate regression
Age (years) 1.3 1.0, 1.6 0.02
Age-adjusted logistic regression
Sugar propensity ratio (%) 11 1.0, 1.2 0.03
Sleep duration (h) 05 0.3, 09 0-02
Number of meals 1.3 1.0, 1-8 0-08
BMI Z-score 14 1.0, 2.0 0-03
Waist circumference (cm) 1.0 1.0, 1-1 0-10
Sex (female) 1.6 08, 34 0-20
Education level (high) 08 03, 2. 0-61
Intervention area 1.0 05,18 0-89

Final model (multiple logistic regression with forward stepwise
selection of variables)

Sugar propensity ratio (%) 11 1.0, 1.3 0-03
Sleep duration (h) 05 03, 10 0-04
Number of meals 1.5 11,22 0-01
BMI Z-score 1.6 11,23 0-01
Sex (female) 24 11,54 0-03

IDEFICS, Identification and prevention of Dietary- and lifestyle-induced
health Effects In Children and infants.
*No. of participants included in both analyses =233.
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marginally significantly greater BMI Z-score (P=0-05) com-
pared with those with low counts of MS.

Our main results are presented in Table 2. Using
age-adjusted logistic regression, we found that higher
counts of MS were associated with sugar propensity ratio,
sleep duration and BMI Z-score. The final multiple logistic
regression analysis with stepwise forward selection iden-
tified five variables which independently explained the MS
categorization of these children. More frequent meals,
sugar propensity ratio, BMI Z-score and female sex were
all positively associated with medium-high counts, while a
negative association was found for longer sleep duration.
The area under the receiver-operating characteristic curve
was given by 0-78 (95% CI 0-70, 0-85), indicating good
discrimination properties of the final model. The exclusion
of children with only one meal reported (1 4) in the
24-HDR did not change the results. A separate sensitivity
analysis where age was added to the full model chosen by
stepwise procedures confirmed the result of lack of asso-
ciation between MS count and age of the child. However,
adding age to the final model attenuated the effect of sex
to marginal significance while the other estimates
remained unchanged (data not shown). No stratifications
were made for age or sex due to the small sample size.

Discussion

Our finding that higher BMI Z-score was positively asso-
ciated with higher counts of MS in children is novel
although in line with earlier findings in adult popula-
tions'">”. In the age-adjusted model higher BMI Z-score
was positively associated with higher counts of MS and the
association was strengthened in the multivariable model.
The fact that the association between higher BMI Z-score
and counts of MS remained after mutual adjustments
suggests that some other common denominator, not
accounted for in present study, may be driving the asso-
ciation. Other micro-organisms like e.g. lactobacilli have
also been identified as a risk factor for dental caries in
children®'®; however, no associations between salivary
counts of lactobacilli and higher BMI Z-score were found
in the present sample (data not shown).

The proportion of sugar-rich foods and beverages
reported during a typical week was greater in children
with higher counts compared with children with low
counts, in agreement with other studies'"***. Children
with higher counts of MS also reported more frequent
meals compared with children with low counts. Higher
meal frequency implies snacking and less time for oral
clearance, which could lead to increased availability of
carbohydrates, promoting colonization of MS. Meal fre-
quency® and taste preference for sugar-rich foods™®®
have been associated with overweight, and both diet
patterns also increase colonization of cariogenic micro-
organisms in children®”3®. Therefore, it was surprising
that the association between higher BMI Z-score and
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medium-high counts of MS observed here could not be
accounted for by these factors. Reporting errors in parental
estimates of usual sugar intake and meal frequency may
explain this result.

Children’s food preferences are formed at an early age
and are relatively stable during pre-school years®”,
although there is an increasing soft drink consumption‘*®
and a higher preference for fruits and foods rich in fat and
sugar in school-aged children®”. Therefore it was
important to consider the age range by adding age to the
final model. However, the estimates remained unchanged
suggesting no effect of age on the association between
propensity for consuming sugar, meal frequency and
counts of MS in the present study. Considering the young
age groups included (age span 4-11 years) one can
speculate that eating habits are still highly moderated by
the parents. Furthermore, in Sweden pre-school and
school food environments can be expected to be similar
for all age groups, which could explain the lack of an age
effect on the associations in the present study.

The recent findings of a negative association between
longer sleep duration and the development of over-
weight®” was the reason for investigating the effect of
sleep duration on counts of MS. Sleep duration was inver-
sely associated with counts of MS. Night eating has been
associated with less sleep, overweight and dental disease in
earlier studies***?_ but since data are not available for the
times of sugar consumption, we can only speculate about
the possible role of night eating in this context.

Our finding that counts of MS were significantly higher in
females has not been reported earlier and could be related to
the fact that permanent teeth eruption occurs earlier in
girls““*? implying a longer period of MS colonization in girls
than boys of the same age. This is further supported by the
fact that the association between MS and sex was only mar-
ginally significant when age was added to the final model.

Despite our unique findings the present study is not
without limitations. First, we cannot establish causality from
our study. Second, meal frequency and sleep are based on a
single 24-HDR which is unlikely to accurately reflect usual
habits. However, our finding of meal frequency being
positively associated with counts of MS is in line with earlier
studies®7%. Usual sugar intake was assessed by an FFQ,
which is considered superior to a single 24-HDR for asses-
sing usual sugar exposure. As with all methods of measuring
dietary intake related to obesogenic foods, it is likely that
that our study suffers from biased parental reports of usual
intake. In contrast to parental reported dietary measures,
anthropometric variables and counts of MS were measured
objectively and BMI Z-score was analysed as a continuous
variable, all of which strengthens the study.

Conclusions

In this sample of 4-11-year-olds BMI Z-score was asso-
ciated with higher counts of MS. Meal frequency,
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propensity to consume sugar, sleep duration and female
sex were also independently associated with higher
counts of MS. Therefore, public health efforts aimed at
reducing dental caries and overweight could provide
multiple benefits, as these problems might both be
resolved in the same fashion. Important targets for joint
interventions should include limiting intake frequency of
sugar-rich foods and beverages and promoting an
adequate amount of sleep.

Acknowledgements

Acknowledgements: The authors thank Ann-Britt Lundberg
(Department of Cariology at the Institute of Odontology in
Gothenburg) for analysing the saliva samples. Financial
support: This study was done as a part of the IDEFICS study
(http://www.idefics.eu), which was funded by the Eur-
opean Community within the Sixth RTD Framework Pro-
gramme Contract No. 016181 (FOOD) with additional
financial support from Stiftelsen Fru Mary von Sydows,
fodd Wijk, donations fund and Epilife Teens. These funders
had no role in the design, analysis or writing of this article.
Conflict of interest: None. Authorships: L.A. analysed the
data and drafted the manuscript; D.B. and S.M. assisted in
conceptualizing the study, data interpretation and super-
vision; LL. and M.H. assisted in data interpretation and
supervision; K.M. assisted in the data analyses; A.L. devel-
oped the sugar propensity score; and G.E. assisted in data
interpretation and supervision. Ethics of human subject
participation: Ethics approval was obtained from the cen-
tral ethical review board in Gothenburg. Parents provided
written informed consent, and children gave oral consent
for examinations and sample collections.

References

1. Bagramian RA, Garcia-Godoy F & Volpe AR (2009) The
global increase in dental caries. A pending public
health crisis. Am J Dent 22, 3-8.

2. Hayden C, Bowler JO, Chambers S et al. (2013) Obesity and
dental caries in children: a systematic review and meta-
analysis. Community Dent Oral Epidemiol 41, 289-308.

3. Costacurta M, DiRenzo L, Sicuro L et al. (2014) Dental caries
and childhood obesity: analysis of food intakes, lifestyle.
Eur ] Paediatr Dent 15, 343-348.

4. Te Morenga L, Mallard S & Mann J (2013) Dietary sugars and
body weight: systematic review and meta-analyses of ran-
domised controlled trials and cohort studies. BMJ 346, 7492.

5. Kawashita Y, Kitamura M & Saito T (2011) Early
childhood caries. Int J Dent 2011, 725320.

6. Moynihan P & Petersen PE (2004) Diet, nutrition and the
prevention of dental diseases. Public Health Nutr7, 201-226.

7. Touger-Decker R & van Loveren C (2003) Sugars and
dental caries. Am J Clin Nutr 78, 881-892.

8. Hense S, Pohlabeln H, De Henauw S et al. (2011) Sleep
duration and overweight in European children: is the asso-
ciation modified by geographic region? Sleep 34, 885-890.

9. Seegers V, Petit D, Falissard B et al. (2011) Short sleep
duration and body mass index: a prospective longitudinal
study in preadolescence. Am J Epidemiol 173, 621-629.


http://www.idefics.eu
https://doi.org/10.1017/S1368980015002347

1092

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

https://doi.org/10.101

Gallant AR, Lundgren J & Drapeau V (2012)
The night-eating syndrome and obesity. Obes Rev 13,
528-530.

Lundgren JD, Smith BM, Spresser C et al. (2010) The
relationship of night eating to oral health and obesity in
community dental clinic patients. Gen Dent 58, e134-e139.
Pieper K, Dressler S, Heinzel-Gutenbrunner M et al. (2012)
The influence of social status on pre-school children’s
eating habits, caries experience and caries prevention
behavior. Int J Public Health 57, 207-215.

Harris R, Nicoll AD, Adair PM er al. (2004) Risk factors for
dental caries in young children: a systematic review of the
literature. Community Dent Health 21, 71-85.

Bradshaw DJ & Lynch RJ (2013) Diet and the microbial
aetiology of dental caries: new paradigms. Int Dent J 63,
Suppl. 2, 64-72.

Barkeling B, Linné Y, Lindroos AK et al. (2002) Intake of
sweet foods and counts of cariogenic microorganisms in
relation to body mass index and psychometric variables
in women. Int | Obes Relat Metab Disord 26, 1239-1244.
Barkeling B, Andersson I, Lindroos AK et al. (2001) Intake
of sweet foods and counts of cariogenic microorganisms in
obese and normal-weight women. Eur J Clin Nutr 55,
850-855.

Vagstrand K, Lindroos AK, Birkhed D et al. (2008) Asso-
ciations between salivary bacteria and reported sugar intake
and their relationship with body mass index in women and
their adolescent children. Public Health Nutr 11, 341-348.
Tong HJ, Rudolf MC, Muyombwe T et al. (2013) An inves-
tigation into the dental health of children with obesity: an
analysis of dental erosion and caries status. Eur Arch
Paediatr Dent 15, 203-210.

De Henauw S, Verbestel V, Marild S et al. (2011) The
IDEFICS community-oriented intervention programme: a
new model for childhood obesity prevention in Europe? Int
J Obes (Lond) 35, Suppl. 1, S16-S23.

Ahrens W, Bammann K, Siani A et al. (2011) The IDEFICS
cohort: design, characteristics and participation in the
baseline survey. Int J Obes (Lond) 35, Suppl. 1, S3-S15.
Emilson CG (1983) Prevalence of Streptococcus mutans
with different colonial morphologies in human plaque
and saliva. Scand J Dent Res 91, 26-32.

Klock B & Krasse B (1979) A comparison between different
methods for prediction of caries activity. Scand J Dent Res
87, 129-139.

Vereecken CA, Covents M, Sichert-Hellert W et al. (2008)
Development and evaluation of a self-administered
computerized 24-h dietary recall method for adolescents
in Europe. Int J Obes (Lond) 32, Suppl. 5, S26-S34.

Willett W (editor) (2013) Nature of variation in diet. In
Nutritional Epidemiology, 3rd ed., pp. 34—48. New York:
Oxford University Press.

Svensson A, Larsson C, Eiben G et al. (2014) European
children’s sugar intake on weekdays versus weekends: the
IDEFICS study. Eur J Clin Nutr 68, 822-828.

7/51368980015002347 Published online by Cambridge University Press

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

30.

37.

38.

39.

40.

41.

L Arvidsson et al.

Lanfer A, Hebestreit A, Ahrens W et al. (2011) Reproduci-
bility of food consumption frequencies derived from
the Children’s Eating Habits Questionnaire used in the
IDEFICS study. Int J Obes (Lond) 35, Suppl. 1,
S61-S68.

Bel-Serrat S, Mouratidou T, Pala V et al. (2014) Relative
validity of the Children’s Eating Habits Questionnaire-food
frequency section among young European children: the
IDEFICS Study. Public Health Nutr 17, 266-276.

Lanfer A, Knof K, Barba G et al. (2012) Taste preferences in
association with dietary habits and weight status in
European children: results from the IDEFICS study.
Int ] Obes (Lond) 36, 27-34.

Lissner L, Lanfer A, Gwozdz W er al. (2012) Television
habits in relation to overweight, diet and taste preferences
in European children: the IDEFICS study. Eur J Epidemiol
27, 705-715.

Marfell-Jones M, Olds T, Stewart A et al. (2006) Interna-
tional Standards for Anthropometric Assessment. Potch-
efstroom, South Africa: International Society for the
Advancement of Kinanthropometry.

Cole TJ, Bellizzi MC, Flegal KM et al. (2000) Establishing a
standard definition for child overweight and obesity
worldwide: international survey. BMJ 320, 1240-1243.
United Nations Educational, Scientific and Cutlural
Organization (2006) International Standard Classification of
Education ISCED 1997. http://www.uis.unesco.org/Educa
tion/Pages/international-standard-classification-of-education.
aspx (accessed April 2013).

Hosmer DW & Lemeshow S (2000) Applied Logistic
Regression, 2nd ed., pp. 160-164. Toronto: Wiley.
Vagstrand KE & Birkhed D (2007) Cariogenic bacteria as
biomarkers for sugar intake. Nutr Rev 65, 111-121.
Berteus Forslund H, Lindroos AK, Sjostrom L et al. (2002)
Meal patterns and obesity in Swedish women-a simple
instrument describing usual meal types, frequency and
temporal distribution. Eur J Clin Nutr 56, 740-747.

Law V, Seow WK & Townsend G (2007) Factors influencing
oral colonization of mutans streptococci in young children.
Aust Dent J 52, 93-100.

Skinner JD, Carruth BR, Bounds W et al. (2002) Children’s
food preferences: a longitudinal analysis. J Am Diet Assoc
102, 1638-1647.

Lytle LA, Seifert S, Greenstein J et al. (20000 How do
children’s eating patterns and food choices change over
time? Results from a cohort study. Am J Health Promot 14,
222-228.

Cooke 1IJ & Wardle J (2005) Age and gender differences in
children’s food preferences. BrJ Nutr 93, 741-746.

Hagg U & Taranger J (1986) Timing of tooth emergence — a
prospective longitudinal-study of Swedish urban children
from birth to 18 years. Swed Dent J 10, 195-200.

Del Cojo MB, Lopez NEG, Martinez MRM et al. (2013) Time
and sequence of eruption of permanent teeth in Spanish
children. Eur J Paediatr Dent 14, 101-103.


https://doi.org/10.1017/S1368980015002347

	BMI, eating habits and sleep in relation to salivary counts of mutans streptococci in children &#x2013; the IDEFICS Sweden�study
	Methods
	Participants
	Cariogenic bacteria in saliva
	Meal frequency, sugar propensity and sleep
	Anthropometrics
	Parental education
	Statistics

	Results
	Discussion
	Table 1Distribution of variables by bacterial status (low v.
	Table 2Odds ratios for medium&#x2013;high counts of mutans streptococci among children (n 271) aged 4&#x2013;11 years, the IDEFICS Sweden study&#x002A;
	Conclusions
	Acknowledgements
	ACKNOWLEDGEMENTS
	References


