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ABSTRACT
Objective: To investigate associations between a wide panel of salivary inflammatory markers and the
presence of dental caries among children.
Material and methods: In this exploratory, cross-sectional study, 176 children, aged 7–9, underwent a
dental examination. Information on the children’s oral health habits and lifestyles was collected from
their mothers. In addition, saliva samples were collected and analyzed using a multiplex immunoassay.
Of 92 inflammatory markers measured, 56 were included in the statistical analyses. To identify poten-
tial inflammatory markers associated with caries, we applied low to advanced statistical analyses. First,
we performed traditional logistic regression analysis followed by Bonferroni corrections. Thereafter, a
more robust and less conservative statistical approach, i.e. Least Absolute Shrinkage and Selection
Operator (LASSO), was applied. The models were adjusted for potential confounders.
Results: Of the 176 children in the study, 22.2% were affected by caries. Among the 56 salivary inflam-
matory markers, only macrophage colony-stimulating factor 1 (CSF1) was selected by the LASSO and
found to be positively associated with the presence of caries.
Conclusions: The observed association between CSF1 and the presence of caries may be of clinical
value in caries risk management and early diagnosis. Larger studies are warranted to assess the replic-
ability of our findings.

ARTICLE HISTORY
Received 14 May 2021
Revised 10 September 2021
Accepted 19 November 2021

KEYWORDS
Dental caries; oral health;
inflammatory markers; child
health; public health

Introduction

Although largely preventable, dental caries continues to be
one of the most common chronic diseases among children
worldwide and at advanced stages it can have a consider-
able impact on children’s quality of life [1,2]. Therefore, den-
tal caries is a major public health concern, and it is
important to continue to improve our understanding of the
underlying factors influencing the initiation and progression
of the disease, and ways in which to prevent or stagnate its
development.

Dental caries is a dynamic, sugar-driven disease process
characterized by repeated cycles of demineralization and
remineralization of dental hard tissue [3]. Initiation or pro-
gression of lesions occurs when net demineralization prevails
during a sufficient period, i.e. when pathological factors have
shifted the balance and overcome the protective factors,
with mineral loss as a consequence. Caries etiology is multi-
factorial and involves risk factors related to socioeconomic
status, health behaviours, and lifestyle [4,5]. Dental caries-

related risk factors have been associated with both compos-
ition and metabolism of the microbial biofilm on teeth, and
their presence over time may result in aberrant colonization
by cariogenic bacteria, creating an environment that encour-
ages frequent demineralization [6]. Oral bacteria are key
components of the oral microbiota, and several cariogenic
bacteria have been identified, of which the acid-producing
Mutans streptococci and Lactobacilli species are among those
most commonly identified in children [7].

In the interplay between demineralization and remineral-
ization of dental hard tissue, saliva plays an important caries
protective role as part of the innate immune response for
the oral cavity, for example, by buffering the oral environ-
ment at a neutral pH and by having anti-microbial effects
[4,8]. Previous epidemiological studies among children have
investigated potential associations between selected salivary
inflammatory markers and dental caries, and have indicated
that they have a role in regulating cariogenic bacterial
growth and infection related to dental caries manifestation
[9–16]. However, the detailed aspects of the inflammatory
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response to dental caries have not been extensively investi-
gated, and to the best of our knowledge, no published stud-
ies have used wide panels of salivary inflammatory markers
to explore this. More knowledge in this area is essential, as it
may imply clinical value regarding caries risk management
and early diagnosis. Hence, the present study aimed to per-
form a systematic assessment of associations between a
wide panel of salivary inflammatory markers and the pres-
ence of dental caries among healthy 7–9-year-old children.

Material and methods

Study design and setting

A cross-sectional study design was used in the investigation.
In brief, mother and child pairs who were invited to partici-
pate in a 7-year follow-up of the TRaining In Pregnancy
(TRIP) study between 2014 and 2016, were also invited and
eligible to participate in an oral health sub-study (a detailed
description of the TRIP-study and follow-up can be found
elsewhere [17,18]). The oral health sub-study (TRIP-tann)
included a dental examination and saliva collection from the
participating children who were 7–9 years old. The examina-
tions were conducted at the Centres for Oral Health Services
and Research in Trondheim and Stavanger between May
2016 and August 2017. Additionally, an electronic self-report
questionnaire was filled in by the mothers at the examin-
ation using the software CheckWare.

Saliva collection and assessment

Stimulated whole saliva was collected from the children
before the clinical dental examination, based on the guide-
lines for saliva collection from the University of Oslo [19]. All
participants were instructed not to brush or rinse their teeth
on the day of the examination, and not to eat or drink
60min before the study visit. Any medications taken in the
24 h before the sample was taken, were noted. To stimulate
saliva secretion, the participants chewed on a paraffin pellet
for 30 s before commencing the saliva collection. The chil-
dren were instructed to swallow once after 30 s, and then
continue to chew on the pellet while collecting saliva in a
15ml graded collection tube with a funnel for 5min. The vol-
umes of the saliva samples were recorded directly after col-
lection. The saliva samples were then subjected to detection
of Streptococcus mutans and Lactobacilli and graded inde-
pendently by two of the authors (AJF and TB) according to
the kit instructions (CRT Bacteria, Ivoclar Vivadent). The grad-
ing consisted of a range from 1–4, where grades 1–2 repre-
sented a low count (<105 colony forming units), and grades
3–4 represented a high count (�105 colony forming units).
The remaining saliva samples were aliquoted and stored
at �80 �C.

Exposure assessment

A multiplex proximity enhanced extension assay (PEA) was
conducted with remaining saliva samples using the Proseek

Multiplex Inflammation I panel (Olink Bioscience) [20]. The
panel included 92 high-quality assays for proteins related to
inflammation, including chemokines, chemokine receptors,
cytokines, cytokine receptors, enzymes, and growth factors.
Data were expressed as normalized protein expression (NPX)
values. An NPX value is an arbitrary unit in a Log2 scale,
where one NPX corresponds to a doubling of the protein
concentration. It is a relative quantification method, so differ-
ent proteins with the same NPX values, may still differ in
concentration. Therefore, we could not make comparisons of
NPX values between different proteins, but it was possible to
compare NPX values of the same protein between the study
participants [21]. Of the 92 inflammatory markers measured,
36 markers had an NPX value below the limit of detection
for more than 50% of our study samples and were excluded
from the data analysis (see Supplementary Table S1 for a list
of the excluded markers). The remaining 56 inflammatory
markers were considered for the statistical analyses, and a
summary of the included markers is presented in
Supplementary Table S2. In addition, a heatmap plot is pre-
sented in Supplementary Figure S1 to illustrate the levels of
the included inflammatory markers by dental caries status
for each participant. The heatmap was produced using R ver-
sion 4.0.2 (R Core Team 2020) and the Complex Heatmap
package [22].

Outcome assessment

The dental examinations were performed by two experi-
enced dentists according to a detailed 5-graded caries diag-
nostic tool [23]. Enamel lesions were denoted as grades 1
and 2, and dentin lesions as grades 3, 4, and 5. Before and
during the study the two dentists both attended calibration
courses and exercises. The mean weighted Cohen’s kappa
achieved from the calibration exercises was 0.95 for intra-
examiner reliability, 0.63 for inter-examiner reliability when
compared to the gold standard, and 0.90 for inter-examiner
reliability between the two examiners (further details of the
calibration procedure can be found in Supplementary Text
S1). Caries data were collected by the use of the dmft/DMFT
index, summarizing the number of decayed (including both
enamel (d1–2/D1–2) and dentin (d3–5/D3–5) caries), missing due
to caries (m/M) and filled (f/F) primary and permanent teeth
(t/T) for each participant [24]. The examination protocol
included detailed instructions on how the examiners were to
distinguish missing teeth due to caries from missing due to
exfoliation.

Covariates

The electronic questionnaire filled in by the mothers at the
dental examination included items concerning the child’s
oral health habits and lifestyle, such as frequency of brushing
teeth, use of fluoride tablets and vitamin D supplements,
and intake of sugary beverages and milk-related desserts.
The age and gender of the children were obtained from the
TRIP-study records. Height in centimetres and weight in kilo-
grams was also measured for most of the study participants
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(n¼ 153). Body mass index (BMI) was calculated as weight in
kilograms divided by height in metres squared according to
the BMI-for-age standard from the World Health
Organization [25]. The participants’ salivary volume was
measured as part of the saliva collection procedure.

Statistical analyses

The statistical analyses were performed using Stata/IC 16
(Stata Corp). Descriptive variables were presented as mean
(standard deviation (SD)) for continuous variables, and fre-
quency (percentage) for categorical variables. Tests of signifi-
cance were performed using Pearson’s chi-square test for
categorical variables and the Mann-Whitney U test for con-
tinuous variables. Caries presence (d1–5mft/D1–5MFT>0) and
absence (d1–5mft/D1–5MFT¼0) were used as a binary out-
come variable, and the 56 salivary inflammatory markers
(exposures) were considered as continuous variables. For the
logistic regression analyses, one model for each salivary
inflammatory marker was included at a time, and the models
were adjusted for the potential confounders: age (continu-
ously in years), use of vitamin D supplements (any use or
non-users), saliva volume (continuously in ml), frequency of
brushing teeth (�once a day or�twice a day), use of fluoride
tablets (0–5 times a week or 6–7 times a week), intake of ice
cream and milk-based desserts (never/rarely, 1–3 times a
month, 1–2 times a week or 3–4 times a week), intake of soft
drinks with sugar (never/rarely, 1–3 glasses a month, 1–3
glasses a week or 4–6 glasses a week), salivary Streptococcus
mutans (high or low count) and Lactobacilli (high or low
count). Results from the logistic regression models were pre-
sented as odds ratios (ORs) and 95% confidence intervals
(95% CIs). We then applied a traditional multiple testing
approach, i.e. Bonferroni corrections (the significance level of
a¼ 0.05 was divided by the number of tests). Further, to cir-
cumvent the issue of conservative approaches, and trad-
itional variable selection methods when the number of
covariates is large, we applied a shrinkage method, i.e. the
Least Absolute Shrinkage and Selection Operator (LASSO)
(including all confounders and inflammatory markers in one
model) [26,27]. Ten-fold cross-validation was carried out to
assess the robustness of the model. LASSO performs both
variable selection and regularization to prevent overfitting by
constraining the size of the regression coefficients and
‘shrinking’ the coefficients towards zero. This allows the least
contributing variables to have a coefficient very close or
equal to zero, equating to an odds ratio of ‘1’, suggesting no
association.

Ethics

Ethical approval from the Norwegian Regional Committees
for Medical and Health Research was acquired before the ini-
tiation of the original TRIP-study (4.2007.81), the 7-year fol-
low-up (2014/618/REK midt), and the TRIP-tann oral health
sub-study (2015/639/REK sør-øst). Parents of the children par-
ticipating in the dental examination gave written consent.

Results

The recruitment of the participants into the TRIP-tann oral
health sub-study is illustrated in Figure 1. A total of 176 chil-
dren completed the dental examination and were included
in the analyses for the present study. The mean age of the
children was 8.1 years, and 48.3% were girls. Of the 176
study participants, 39 (22.2%) had at least one tooth with
presence of caries (d1–5mft/D1–5MFT>0), and among those, 9
(5.1%) had at least one tooth with dentin caries (d3–5/
D3–5>0). Seventeen (9.7%) children had at least one filling,
and of those, 11 children had at least one filling without any
other decayed teeth (d1–5/D1–5¼0). Two of the children had
experienced extractions of primary teeth due to caries (first-
child: 1 tooth, and second child: 2 teeth). The mean caries
experience including enamel caries (d1–5mft/D1–5MFT) was
0.44 (SD 1.05) for the total sample and 1.97 (SD 1.39) for
those with caries experience. There were no significant differ-
ences found in the descriptive variables between the chil-
dren with or without presence of caries, except Lactobacilli
count, where those with presence of caries were more likely
to have a higher count (p¼ .01) (Table 1).

The mean NPX value for each included salivary inflamma-
tory marker among the children with and without caries is
presented in Table 2, along with the logistic regression and
LASSO analyses. The logistic regression analyses suggested
that children with caries had a significantly higher mean NPX
value of the salivary inflammatory marker macrophage col-
ony-stimulating factor 1 (CSF1) than children without caries
(OR 2.11, 95% CI 1.21–3.65). None of the other included
inflammatory markers were found to be significantly associ-
ated with the presence of caries. As can be seen in Table 2,
after adjusting for potential confounders, the results
remained similar. Further, when correcting for multiple test-
ing via Bonferroni (not included in Table 2), none of the
inflammatory markers (including CSF1) were found to be
associated with caries. However, when the more robust and
less conservative statistical approach was applied, i.e. LASSO
regression, CSF1 was again selected and found to be posi-
tively associated with the presence of caries.

Discussion

To the best of our knowledge, this is the first exploratory
study that systematically assesses potential associations
between a wide range of salivary inflammatory markers and
the presence of caries among healthy, young children. The
main result of the present study was that out of the 56
inflammatory markers analyzed by use of the LASSO
approach, only CSF1 was selected and found to be positively
associated with the presence of caries.

CSF1 is a pleiotropic cytokine that regulates macrophage
formation, differentiation, and growth [28]. As such, CSF1 is a
pro-inflammatory factor that modulates immune function
and inflammation as part of the innate immune system [29].
CSF1 is also a regulator of osteoclastogenesis and induces
osteoclast fusion, spreading, and survival, thereby regulating
bone homeostasis [30]. In addition, CSF1 has been found to
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have an important role in tooth development, where it is
involved in tooth matrix formation and tooth eruption [31].

To the best of our knowledge, only one study has previously
investigated the association between salivary levels of CSF1

Figure 1. Flow chart of study recruitment.

Table 1. Characteristics of the study population.

Absence of caries (n¼ 137) Presence of caries (n¼ 39) p-value

Categorical variables, n (%)
Girls 67 (48.9) 18 (46.2) .76
Any intake of vitamin D supplements 107 (78.1) 33 (84.6) .37
Use of fluoride tablets� .09
0–5 times a week 56 (41.2) 22 (56.4)
6–7 times a week 80 (58.8) 17 (43.6)

Frequency of brushing teeth .53
� once a day 46 (33.6) 11 (28.2)
� twice a day or more 91 (66.4) 28 (71.8)

Intake of ice-cream and other milk-based desserts .23
Never/rarely 2 (1.5) 1 (2.6)
1–3 times a month 78 (56.9) 15 (38.5)
1–2 times a week 48 (35.0) 20 (51.3)
3–4 times a week 9 (6.6) 3 (7.7)

Intake of soft drinks with sugar .87
Never/rarely 33 (24.1) 7 (18.0)
1–3 glasses a month 63 (46.0) 20 (51.3)
1–3 glasses a week 38 (27.7) 11 (28.2)
4–6 glasses a week 3 (2.2) 1 (2.5)
Streptococcus mutans�� .09
�105 CFU/ml 22 (16.2) 11 (28.2)
Lactobacilli�� .01
�105 CFU/ml 63 (46.3) 27 (69.2)

Continuous variables, mean (SD)
Age at dental exam 8.1 (0.4) 8.2 (0.4) .34
Salivary volume (ml/5min) 4.35 (2.54) 4.40 (2.10) .66
BMI (WHO standardized)��� 16.2 (1.6) 16.2 (2.0) .74

�1 missing, ��1 missing, ���23 missing.
Presence of caries (d1–5mft/D1–5MFT>0).
Absence of caries (d1–5mft/D1–5MFT¼0).
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Table 2. Mean normalized protein expression (NPX) value and standard deviation (SD) of salivary inflammatory markers among children with and without pres-
ence of caries, odds ratios (ORs) and 95% confidence intervals (95% CIs) from logistic regression models, and estimates from logistic LASSO regression (adjusted
for confounders).

Inflammatory markers
Absence of caries (n¼ 137) Presence of caries (n¼ 39)

Logistic regression (unadjusted) Logistic regression (adjusted#) LASSO#

NPX mean SD NPX mean SD OR (95% CI) OR (95% CI) Estimate

Chemokine receptor
CD40 8.18 1.06 8.32 1.05 1.14 (0.81, 1.60) 1.24 (0.84, 1.83) 1.00

Chemokines
IL8 12.28 0.90 12.44 0.88 1.23 (0.82, 1.84) 1.14 (0.74, 1.75) 1.00
MCP1 8.07 0.89 8.14 1.02 1.09 (0.74, 1.61) 1.12 (0.73, 1.74) 1.00
CXCL11 4.58 1.68 4.41 1.97 0.94 (0.77, 1.16) 0.93 (0.74, 1.17) 1.00
CXCL9 7.73 1.18 7.61 1.41 0.92 (0.69, 1.23) 0.87 (0.64, 1.17) 1.00
CXCL1 9.39 1.81 9.28 2.07 0.97 (0.80, 1.17) 1.01 (0.81, 1.27) 1.00
CCL4 2.97 1.56 3.31 1.73 1.14 (0.92, 1.41) 1.16 (0.91, 1.47) 1.00
SCF 2.06 0.80 2.13 0.86 1.11 (0.72, 1.72) 1.21 (0.73, 2.01) 1.00
CCL19 2.06 1.36 2.03 1.34 0.99 (0.76, 1.29) 1.06 (0.79, 1.41) 1.00
CXCL5 10.26 2.24 10.36 2.27 1.02 (0.87, 1.20) 1.02 (0.85, 1.23) 1.00
CCL23 1.06 0.42 1.11 0.64 1.21 (0.61, 2.39) 1.11 (0.53, 2.33) 1.00
CCL3 3.44 1.22 3.83 1.24 1.29 (0.97, 1.70) 1.20 (0.88, 1.63) 1.00
CXCL6 6.45 1.77 6.50 1.99 1.02 (0.84, 1.24) 1.01 (0.81, 1.26) 1.00
CXCL10 6.73 2.70 6.30 3.13 0.95 (0.83, 1.08) 0.98 (0.85, 1.14) 1.00
CCL28 6.00 1.30 6.06 1.34 1.03 (0.79, 1.36) 1.11 (0.80, 1.53) 1.00
MCP2 2.13 1.12 2.07 1.04 0.94 (0.68, 1.31) 0.97 (0.67, 1.40) 1.00
CX3CL1 5.15 1.32 5.39 1.48 1.14 (0.87, 1.50) 1.30 (0.93, 1.82) 1.00
CCL20 5.72 2.21 5.73 2.21 1.00 (0.85, 1.18) 0.99 (0.83, 1.17) 1.00

Cytokine receptors
OPG 7.61 0.89 7.89 1.03 1.39 (0.94, 2.06) 1.22 (0.78, 1.92) 1.00
LIFR 2.76 1.35 2.72 1.38 0.98 (0.75, 1.27) 1.14 (0.82, 1.59) 1.00
IL10RB 3.04 0.80 3.18 0.86 1.24 (0.79, 1.94) 1.42 (0.82, 2.44) 1.00
IL18R1 6.03 1.26 6.17 1.31 1.09 (0.82, 1.44) 1.17 (0.84, 1.63) 1.00
TNFRSF9 2.77 1.04 3.01 1.18 1.22 (0.88, 1.70) 1.16 (0.81, 1.64) 1.00

Cytokines
CSF1 5.42 0.63 5.75 0.75 2.11 (1.21, 3.65) 2.22 (1.09, 4.53) 2.27
IL7 3.32 0.54 3.37 0.69 1.17 (0.63, 2.17) 1.09 (0.56, 2.14) 1.00
IL6 4.18 1.97 4.58 1.75 1.11 (0.93, 1.33) 1.04 (0.84, 1.30) 1.00
IL17A 0.75 0.30 0.75 0.26 1.03 (0.31, 3.43) 0.92 (0.25, 3.40) 1.00
TRAIL 8.72 0.59 8.83 0.72 1.32 (0.75, 2.33) 1.41 (0.72, 2.75) 1.00
IL1alpha 8.16 2.75 8.19 2.85 1.00 (0.88, 1.14) 1.04 (0.89, 1.21) 1.00
IL18 8.42 1.64 8.45 1.61 1.01 (0.81, 1.26) 1.01 (0.78, 1.31) 1.00
TNFSF14 6.36 1.12 6.57 1.24 1.17 (0.86, 1.59) 1.14 (0.80, 1.63) 1.00
TRANCE 1.89 0.83 2.11 1.01 1.29 (0.89, 1.89) 1.18 (0.79, 1.77) 1.00
IL12B 1.27 1.05 1.37 1.03 1.09 (0.78, 1.52) 1.13 (0.80, 1.60) 1.00
IL10 1.32 0.61 1.43 0.63 1.32 (0.76, 2,31) 1.47 (0.78, 2.77) 1.00
Flt3L 1.90 0.61 2.00 0.71 1.27 (0.73, 2.20) 1.08 (0.56, 2.08) 1.00
LIF 1.67 0.57 1.81 0.68 1.44 (0.83, 2.49) 1.30 (0.71, 2.38) 1.00
TWEAK 6.69 0.78 6.84 0.90 1.26 (0.80, 1.97) 1.01 (0.60, 1.68) 1.00

Enzymes
uPA 8.26 1.18 8.47 1.30 1.15 (0.86, 1.54) 1.12 (0.80, 1.57) 1.00
MMP1 8.75 1.99 9.18 1.72 1.13 (0.93, 1.36) 1.15 (0.94, 1.42) 1.00
MMP10 4.20 1.36 4.50 1.32 1.17 (0.90, 1.52) 1.20 (0.90, 1.60) 1.00
CASP8 4.59 1.58 4.80 1.67 1.08 (0.86, 1.36) 1.22 (0.93, 1.60) 1.00
ST1A1 1.88 1.04 1.99 1.12 1.11 (0.79, 1.55) 1.24 (0.85, 1.82) 1.00
STAMPB 3.09 0.90 3.20 0.94 1.14 (0.77, 1.68) 1.24 (0.77, 1.98) 1.00
ADA 4.44 1.16 4.73 1.16 1.24 (0.90, 1.69) 1.28 (0.89, 1.83) 1.00

Growth factors
LAPTGFbeta1 3.66 0.93 3.98 0.97 1.43 (0.98, 2.09) 1.39 (0.90, 2.14) 1.00
TGFalpha 4.21 0.81 4.36 1.09 1.22 (0.81, 1.82) 1.21 (0.77, 1.91) 1.00
HGF 7.17 0.92 7.40 0.98 1.29 (0.89, 1.89) 1.16 (0.74, 1.81) 1.00
FGF19 0.96 0.58 0.88 0.57 0.78 (0.40, 1.51) 0.95 (0.46, 1.98) 1.00

Other
CDCP1 6.02 0.98 6.30 0.96 1.34 (0.93, 1.94) 1.24 (0.80, 1.92) 1.00
CST5 8.19 0.86 8.39 0.76 1.35 (0.87, 2.08) 1.48 (0.89, 2.48) 1.00
OSM 6.01 1.32 6.35 1.43 1.22 (0.93, 1.59) 1.22 (0.91, 1.64) 1.00
CD5 3.22 1.29 3.41 1.37 1.12 (0.85, 1.47) 1.16 (0.86, 1.57) 1.00
EBP1 6.13 1.39 5.99 1.64 0.93 (0.73, 1.19) 0.97 (0.73, 1.28) 1.00
SIRT2 1.73 1.03 1.88 1.12 1.14 (0.82, 1.58) 1.32 (0.88, 1.97) 1.00
DNER 9.58 0.63 9.60 0.66 1.05 (0.60, 1.83) 1.36 (0.66, 2.76) 1.00
ENRAGE 6.98 0.89 7.11 0.83 1.20 (0.79, 1.83) 1.22 (0.76, 1.96) 1.00

#Adjusted for age, vitamin D supplements (any vs. non-users), frequency of brushing teeth (�once a day vs. �twice a day), intake of ice cream and milk-based
desserts (never/rarely, 1–3 times a month, 1–2 times a week, 3–4 times a week), intake of soft drinks with sugar (never/rarely, 1–3 glasses a month, 1–3 glasses
a week, 4–6 glasses a week), use of fluoride tablets (0–5 times a week vs. 6–7 times a week), saliva volume, salivary Streptococcus mutans and Lactobacilli count
(low vs. high). One participant was missing from the use of fluoride tablets variable and was excluded from the adjusted analyses.
Logistic Regression models with statistically significant results (p-value �.05) and salivary markers estimated and selected by LASSO are presented in bold.
Absence of caries (d1–5mft/D1–5MFT¼0).
Presence of caries (d1–5mft/D1–5MFT>0).
For full names of inflammatory markers see https://www.olink.com/products/inflammation/biomarkers/
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and dental caries, but among adults. In line with our find-
ings, this study suggested that an increased salivary level of
CSF1 was associated with dental caries [15]. However, when
this former study excluded individuals with periodontitis
from their analysis, the association between CSF1 and dental
caries did no longer remain significant. Thus, it was con-
cluded that the periodontal status may partly explain the
observed association between CSF1 and dental caries.
Comparatively, it may be that the involvement of periodontal
disease can be disregarded from our study, as the partici-
pants consisted of healthy and young children with favorable
oral hygiene (mean oral hygiene index score of 0.81, SD
0.63) [32].

Contrary to our study findings, previous studies have sug-
gested significant positive associations between salivary lev-
els of other cytokines, which were also included in our study,
and dental caries among children. For instance, salivary levels
of interleukin (IL)-6, IL-8 and tumor necrosis factor-alpha
(TNF-a) were reported to be elevated, and also positively cor-
related with the severity of caries in children with early child-
hood caries (ECC) [11] and adolescents with caries
experience [10]. Another study of mother and child pairs
suggested positive associations between salivary levels of
vascular endothelial growth factor (VEGF) and IL-6, and caries
severity in both the mother and child (aged between 24 and
71 months) [12]. Some of the factors that may explain these
discrepancies compared to our study could be that previous
studies included children more severely affected by dental
caries (e.g. ECC), included a wider age span (representing dif-
ferent dentitions), or that they used different procedures for
saliva collection or different bioassays for salivary inflamma-
tory marker measurement. Interestingly, in line with our find-
ings, a study from Turkey, conducted among 6–12-year-olds,
also reported no significant association between salivary lev-
els of IL-10 and dental caries [14].

Although the role of cytokines in the etiology of dental
caries is not fully understood, the colonization of cariogenic
bacteria is a known aspect of caries pathogenesis and plays
a role in activating various innate immune system responses
[16]. Interestingly, in our analysis, the association between
CSF1 and the presence of caries remained after adjusting for
salivary levels of Streptococcus mutans and Lactobacilli, which
are two of the bacteria that have commonly been associated
with dental caries in children [7]. However, we cannot
exclude that other cariogenic bacteria that were not assessed
in the present study, may also have played a role in the pre-
sent association.

Another possible explanation for the observed association
between CSF1 and the presence of caries could be that
CSF1, in addition to its pro-inflammatory role, also is
involved in responding to the tissue damage caused by the
caries lesion. For example, previous studies have suggested
that dentin matrix components, such as dentin sialoprotein
and dentin phosphoprotein, which are released as a result of
the tissue injury caused by the bacterial acid demineraliza-
tion, can activate pro-inflammatory markers, such as TNF-a
and IL-1b [33,34]. It is plausible that CSF1 is another cytokine
that is activated as a response to the release of these

components. Furthermore, studies have shown that pro-
inflammatory cytokines are reactionary to the stages of caries
disease [33]. With persistent or chronic inflammation their
main purpose is to respond to the bacterial infection, and in
these conditions, they can also have a detrimental effect on
dental and oral tissues. On the other hand, at the early
stages of the caries process or later stages, after the bacterial
infection has been cleared, they can have a more regenera-
tive function in responding to tooth injury [33]. This is in line
with our finding of CSF1 being associated with the presence
of caries, which included both enamel and dentin caries. In
addition, previous studies have found that CSF1 is involved
in the process of tooth eruption, and elevated levels could
therefore be related to this [31,35]. In the present study, the
participants were at a similar age (with a mixed dentition),
and we therefore assumed that variation in eruption status
would be reasonably similar between the two outcome
groups (i.e. presence or absence of caries). However, in
future studies it would be interesting to further explore
whether our finding is replicable in a group of children with
a fully erupted permanent dentition. Moreover, genetic con-
tributions influencing the immune system response to caries
could be part of the explanation for the association between
CSF1 and the presence of caries [36]. It has previously been
shown that Single Nucleotide Polymorphisms (known as
SNPs) in IL-6 and IL-1b genes were associated with dental
caries susceptibility [37,38]. However, due to the limited
number of previous studies that have investigated the asso-
ciation between CSF1 and dental caries, further studies are
needed to clarify these potential mechanisms. This could add
to our understanding of the underlying factors involved in
caries disease itself, and may also be of clinical value in car-
ies risk assessment and early diagnosis.

A strength of the present study was the homogeneity of
the study sample in terms of many sociodemographic and
health-related factors, which to a certain extent may have
reduced the possibility of residual confounding (e.g. most of
the study participants’ mothers were highly educated and
non-smokers and most of the participants lived in two-par-
ent families, had a Norwegian ethnic background, and had
similar BMIs) [39]. Another strength of the study was the
wide range of potential confounders adjusted for when
assessing the association between inflammatory markers and
the presence of caries. Also, the meticulous standardization
related to the dental examination and saliva collection
should be considered valuable in reducing the chance of
misclassification bias. Finally, we included a wide panel of
inflammatory markers, many of which to our knowledge has
not previously been investigated in association with caries,
and we used the LASSO approach, which is more robust and
less conservative than other statistical approaches tradition-
ally used when the number of covariates is large. In recent
years, the LASSO has become a very common and popularly
used method in the field of biomarker assessment [40–42].

Our study has several limitations. First, we had a relatively
small sample size with reasonable statistical power. Second,
the low presence of caries in the sample restricted our ability
to perform further subgroup analyses, for example, by caries
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severity. Third, due to the unavailability of information, we
could not adjust for potential confounders, such as gingival
inflammation. Although, the number of children in our study
with gingivitis may be negligible as the oral hygiene status
observed was mostly favourable. Fourth, among the children
with caries presence, eleven had fillings without other
decayed (d1–5/D1–5) lesions, and this may to some degree
have biased the results. Another limitation was that some of
the questions reported by the mother might be tied to recall
and social desirability bias. Lastly, due to the cross-sectional
nature of the study design, we cannot rule out the possibility
of reverse causality.

Conclusively, by using a wide panel of inflammatory
markers, this exploratory study found that the salivary level
of CSF1 was positively associated with the presence of caries
among 7–9-year-old, healthy children. Further studies are
warranted to investigate whether our findings are replicable
in larger studies, and preferably in child populations more
affected by caries.
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