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INTRODUCTION

Apical periodontitis (AP) is an inflammatory reaction of 
the periapical tissues of a tooth after pulp necrosis and 

subsequent infection of the root canal system (Kakehashi 
et al., 1965). Pulp necrosis can occur after the invasion of 
microorganisms into the tooth and is usually the result of 
an irreversible inflammatory response in the pulp. After 
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Abstract
Aim: To explore the influence of apical periodontitis (AP) on inflammatory markers 
in blood of otherwise healthy individuals and to depict the inflammatory profile of 
the healing after dental extraction.
Methodology: This is a prospective case–control intervention study, during which, 
individuals with a diagnosis of AP of one affected tooth were included, along with a 
control group matched for age and gender. A broad panel of blood inflammatory me-
diators was examined longitudinally in all subjects during six visits. In the case of the 
AP subjects, the tooth with AP was extracted at the third visit. Results were analysed 
by linear regression analyses and linear mixed-model analyses.
Results: A total of 53 subjects were included in the study, 27 with AP and 26 with-
out. Fifteen females and 12 males were included in the AP group, and 14 females 
and 12 males in the control group. At baseline, granulocyte colony-stimulating fac-
tor (p < .001), interleukin (IL)-1β (p = .03) and IL-4 (p = .01) were significantly lower 
in AP subjects than in controls. Comparison of the differences between baseline and 
the last visit, i.e. 3 months after the tooth extraction, showed a significant reduction 
in IL-10 (p = .03) and IL-12p70 (p = .01).
Conclusions: The immunologic profile of chronic AP in one tooth and its healing 
profile reveals a systemic low-grade inflammation through compensatory immuno-
suppression. A larger lesion or multiple lesions could disrupt the balance that the 
system is trying to maintain, resulting in loss of homeostasis.
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pulp necrosis, the microorganisms invade the root canal 
system until they eventually reach the root apex (Moller 
et al., 1981). To confine the infection a complex inflamma-
tory response starts in the area where the root canal meets 
the periapical tissues. Locally, the jaw bone is resorbed, in 
order to make space for inflammatory tissue.

Bone remodelling is one of the characteristics of AP as 
a response to the bacteria and their byproducts. It is the re-
sult of the induction and differentiation of osteoclasts that 
are modulated by inflammatory markers that are activated 
during the inflammatory process (Troen, 2003). Some of 
the pro-  and anti-cytokines that are involved in this ac-
tivation are interleukin (IL)-1β, IL-6, interferon (IFN)-γ 
and tumour necrosis factor (TNF)-α, transforming growth 
factor (TGF)-β and IL-4. Since then, these cytokines are 
produced as a response to the endodontic infection, the 
extent of the bone damage, the AP lesion depends on the 
virulence of the involved microorganisms (Dessaune Neto 
et al., 2018) In a chronic inflammatory state, such as AP, 
there is a constant fluctuation in the balance between 
pro- and anti-inflammatory cytokines of the host response 
to the antigen stimulation (Dessaune Neto et al.,  2018; 
Toledo et al., 2019).

This chronic local inflammation around the root tip 
may not stop there. The inflammatory and proinflam-
matory cytokines that keep the local inflammation going 
may also result in systemic low-grade inflammation. 
Locally produced mediators recruit inflammatory cells 
from elsewhere in the body, and they find their way to the 
bloodstream. Inflammation is an essential component of 
immune surveillance and host defence, yet a chronic low-
grade inflammatory state is a pathological feature of a wide 
range of chronic conditions, such as metabolic syndrome, 
nonalcoholic fatty liver disease, type 2 diabetes mellitus 
and cardiovascular disease (Minihane et al., 2015).

In recent years, a popular topic in endodontics' re-
search has been the examination of the systemic conse-
quences of these inflammatory mediators (IM). Many 
studies have been published about circulating IM in 
the blood of people with AP (Abdolsamadi et al.,  2008; 
Cotti et al.,  2011, 2015; Garrido et al.,  2019; Harjunmaa 
et al., 2018). A recent systematic review and meta-analysis 
showed that systemically healthy individuals with AP pre-
sented higher concentrations of some IM in blood than 
in healthy individuals without AP and that multiple le-
sions were associated with more circulatory IM (Georgiou 
et al., 2019). However, questions about the validity of some 
study results were raised by inconsistencies in study de-
signs, treatments, included population and possible bias 
of unpublished research because of ‘negative’ outcomes. 
Additionally, as every study examines a limited number of 
IMs, no complete image of the inflammatory response of 
the subjects was formed.

In order to eliminate these inconsistencies we designed 
a study in which the subjects would be followed for a lon-
ger time before and after the treatment was designed. The 
treatment of AP with the extraction of the infected tooth 
has been compared with healthy controls. The purpose 
of the several examination stages before the treatment 
was to form a baseline of naturally occurring fluctuations 
and random fluctuations at the different time points. The 
overall objective was to answer the questions of the case–
control and intervention studies, after eliminating the 
design inconsistencies. The individual objectives were 
thus: (i) To compare the plasma concentrations of IM of 
AP subjects to controls before the extraction (baseline), 
(ii) to evaluate the difference between the baseline and 
the final time points within AP cases and (iii) compare 
the difference between cases and controls at the different 
time points after the tooth extraction and, i.e. the healing 
period.

MATERIALS AND METHODS

This was a multicentre prospective case–control interven-
tion study that was conducted at several private dental 
practices in the Netherlands and at the Academic centre 
of dentistry in Amsterdam (ACTA). The study is reported 
in compliance with the Reporting Items for study Designs 
in Endodontology (PRIDE) (http://pride​-endod​ontic​
guide​lines.org/). The study was registered prospectively 
with Clinical Trial Registry in the Netherlands (www.trial​
regis​ter.nl) with registration number NL6081, and its de-
tailed protocol has been published (Georgiou et al., 2021). 
All procedures were performed in accordance with good 
clinical practice guidelines and declarations of Helsinki 
and have received the approval of the Medical Ethical 
Committee of the VU medical Centre, Amsterdam, the 
Netherlands (registration number 2016.187).

The study objective, procedures and associated risk 
and benefits were explained to the eligible individuals. A 
signed informed consent form was obtained from all the 
individuals willing to participate in the study. The subjects 
could quit participation at any time during the study with-
out having to give a reason.

All procedures were performed in accordance with 
good clinical practice guidelines and declarations of 
Helsinki. Sample size calculations were performed 
while designing the study. In order to answer the main 
question, which is to compare cases versus controls, a 
sample size has been calculated with G*Power software 
(G*Power 3.1.9.2 software Franz Faul; Universitaet Kiel). 
Data retrieved from previous scientific papers where the 
concentrations of chosen mediators were determined in 
serum were used: for C-reactive protein (CRP) (Marton & 
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Kiss, 1992) with values 6.6 ± 4.2 mg/L for subjects with AP 
and 3.9 ± 1.8 mg/L for subjects without AP, for IL-1β with 
values 225.12 ± 43.72 pg/ml for cases and 77.52 ± 31.05 pg/
ml for controls (Zhu et al., 2015) and for IL-17A with val-
ues 12.48 ± 2.00 pg/ml for cases and 4.43 ± 0.54 pg/ml for 
controls (Arababadi et al.,  2010). The power was set at 
80% with an alpha <0.05. Calculated sample sizes were 
n = 17 (CRP), n = 17 (IL 1β) and n = 15 (IL 17a). These 
group sizes will also exceed 80% statistical power in the 
dependent statistical tests, namely the longitudinal data 
analysis. Considering possible nonattendance or late ex-
clusion, the group sizes were set at n = 30 for the interven-
tion group and n = 30 for the controls without AP. The aim 
was to acquire complete datasets for at least 25 AP plus 25 
control subjects.

The subjects were recruited from different locations: 
a referral dental practice limited to endodontics, from a 
referral dental practice limited to implantology and from 
six general dental practices in the Netherlands. The in-
clusion took place from January 2017 to September 2019. 
Individuals 18–80 years of age with AP, confirmed with an 
intra-oral radiograph were included. The AP was asymp-
tomatic or had only minor symptoms and appeared as a 
radiolucent area around one or more root tips of the af-
fected tooth. AP was diagnosed when in the periapical re-
gion, the periodontal ligament space (on the radiograph) 
was at least twice as wide as in the mid-root regions. The 
patient would rather have the affected tooth extracted be-
cause a root canal treatment would have a poor progno-
sis. Furthermore, the rest of the dentition, not included in 
the study, should not have AP and also no marginal peri-
odontitis. To confirm this, teeth were clinically examined. 
Discoloured teeth or teeth with restorations that did not 
respond to cold testing or that were tender to percussion 
or palpation were additionally examined with an intra-
oral radiograph. The control group was recruited from the 
same practices on a voluntary basis with the perquisite that 
they were systemically healthy, during their appointment 
for the regular half-year dental check. This was assessed 
after the completion of a medical history questionnaire. 
Also, the controls did not have marginal or AP assessed 
with oral examination by one of the investigators. All sub-
jects, in both groups, underwent screening according to a 
list of strict criteria in oral and general health levels, and 
their family doctor was informed about their participation 
in this study (Georgiou et al.,  2021). A potential subject 
who met any of the following criteria on a systemic level 
was excluded: smoking, pregnancy or lactation, diabetes 
mellitus, chronic inflammatory diseases such as Crohn's 
disease or hepatitis, use of antibiotics 1 month prior, use 
of corticosteroids or NSAIDs, chemotherapy or previous 
head/neck irradiation, any surgery 6 months prior, extra-
oral swelling preoperatively, malaise, colds or influenza. 

On an oral level potential subjects were excluded in case of 
stomatitis dental prosthesis carriers, absence of periapical 
radiolucency, the presence of tenderness to percussion., 
the absence of a positive sensibility test of the dental pulp, 
previous surgery on the considered tooth or root fracture. 
Late exclusion would take place if the healing would be 
compromised (e.g. alveolitis). Other reasons for late exclu-
sion were: other infection-related inflammations, the use 
of antibiotics or corticoids for any reason, dental hygienist 
visit during the course of the study, in case of changes in 
health/surgery of any kind, in case of taking up smoking 
or other changes in lifestyle. The subject volunteered to 
participate and consented to six blood draws at six differ-
ent time points. The subjects of the AP group also had to 
donate the extracted tooth.

Clinical procedures for the collection of 
blood samples

After inclusion, within 4 weeks in order to eliminate 
the influence of any seasonal fluctuations, cases were 
matched to controls for age and sex, with an exact match-
ing procedure. All subjects visited six times for the blood 
draw and an update on their health status. During the 
first visit, first, the informed consent form was signed by 
the subject and the investigator. Then, a health question-
naire was filled in and a detailed intra-oral examination 
was performed. During the examination, the number of 
decayed, missing and filled teeth was recorded and peri-
odontal health was registered with the Dutch Periodontal 
Screening Index. If recent radiographs were not available, 
the oral examination would be completed with a radio-
graphic examination. If the inclusion criteria were met and 
the subject was included, blood was drawn. Subsequent 
visits were planned preferably 6 weeks and 3 weeks before 
the planned tooth extraction of the AP tooth, on the day of 
the tooth extraction and 1, 6 and 13 weeks after the tooth 
had been extracted. The blood draw of the matched con-
trol subject took place in parallel and no tooth extraction 
was performed. All the appointments were planned at the 
same time of the day for every individual in order to avoid 
differences in the mediators attributed to the circadian 
rhythm of the subjects.

Blood was collected by venipuncture of an antecubital 
vein using the Vacutainer system (Greiner Bio-One), in 
a 9 ml containing EDTA blood tube. Immediately there-
after, onsite the tube with the blood was centrifuged for 
10  min × 1000 G (Heraeus Labofuge 300; Heraeus Med 
GmbH), and the supernatant plasma (~4  ml) was care-
fully collected. The plasma was cooled to 4°C and trans-
ported to ACTA. Then, the plasma was aliquoted in 0.5-ml 
aliquots in 1.5-ml microcap centrifuge tubes and stored 
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frozen at -80°C. Transportation and storage of the plasma 
occurred within 24 h of the blood draw.

Quantitative protein assessment

All analyses were performed by Arcadia, a translational re-
search platform (UMC Utrecht, Utrecht, the Netherlands). 
Concentrations of most of the selected proteins were de-
termined using MSD electro-chemiluminescence immu-
noassay technology (Meso Scale Diagnostics).

Granulocyte colony-stimulating factor (G-CSF), IL-1α, 
IL-17A and vascular endothelial growth factor  (VEGF) 
were measured using a custom-made multi-analyte im-
munoassay kit (customized V–plex cytokine panel 1) 
according to the manufacturer's protocol. INF-γ, IL-1β, 
IL-4, IL-6, IL-8, IL-10, IL-12p70 and TNF-α were mea-
sured using a custom-made multi-analyte immunoassay 
kit (customized V–plex Proinflammatory panel 1) accord-
ing to the manufacturer's protocol. Accordingly, CRP 
and MIP-1α were measured using a custom-made V–plex 
Vascular Injury panel 2 and a Chemokine panel 1 single-
analyte immunoassay kit, respectively. All measurements 
were performed in duplicates.

Osteoprotegerin (OPG) validation in this sample set 
was performed using the MSD R-Plex human OPG an-
tibody set in combination with MSD GOLD Small Spot 
Streptavidine plates on a 2-fold diluted plasma sample ac-
cording to the manufacturers' instructions.

All measurements were performed using the Quickplex 
SQ120 (Meso Scale Discovery, MSD). Protein concentra-
tions were measured as pg/ml. Data analysis was per-
formed using MSD Discovery Workbench 4.0 software 
(Meso Scale Diagnostics). sRANKL measurement was 
performed using a magnetic bead-based singleplex assay 
(# LXSAHM; R&D Systems). Two-fold diluted samples 
were added to these assays and run according to the man-
ufacturers' protocol on a Bio-Plex Multiplex System (Bio-
Rad). Protein concentrations were measured as pg/ml. 
Data analysis was performed using Bio-Plex Manager 6.1 
(Bio-Rad).

Statistical analysis

Statistical analyses were performed using the Stata 15.0 
(Stata Corp LP) and R (v.4.1.3). The continuous data were 
presented as mean (± SD)/median (min–max). The level 
of confidence was determined at 95%, α  =  .05. In order 
to assess the normality of the data, we visually inspected 
the Normal Q-Q Plots of the residuals after analysis. The 
differences between the AP and control group at base-
line comparing sex and age category distributions were 

tested with a chi-squared test (sex) or t-test (age). The first 
two visits before extraction were averaged and that value 
was used as a baseline. The following analyses were per-
formed: (1) Linear regression analyses to analyse the dif-
ference between cases and controls at baseline. (2) Linear 
mixed model analyses to analyse the difference between 
the baseline and the last measurement within the AP 
cases to analyse the difference before and after treatment. 
(3) linear mixed model analysis to analyse the difference 
in development over time between cases and controls 
after treatment (i.e. the healing period). In addition, re-
garding the difference in development over time between 
cases and controls, effect modification with age and sex 
was investigated with an interaction term in the mixed 
effects model. Regarding age, the subjects were divided 
into three groups: 18–35, 36–49 and 50–80 years. For both 
mixed model analyses, only a random intercept on the pa-
tient level was added to the model to take into account 
the dependency of the repeated observations within the 
patient.

RESULTS

A total of 53 subjects were included in the study, 27 with 
AP and 26 without (Figure 1). The average age of the AP 
group was 52.7 years (SD: 14.5) and of the control group 
51.5 (SD: 13.17) with no statistically significant differ-
ence between the groups (p > .05). Fifteen females and 
12 males were included in the AP group, and 14 females 
and 12 males in the control group (p = 1 after drop-outs). 
Two individuals dropped out of the AP group; one on 
visit four and one on the second visit, for personal rea-
sons, unrelated to this study. In the control group, three 
subjects dropped out in the fourth, fifth and sixth visit be-
cause they had to use antibiotics for a nondental reason. 
All available data were used. The descriptive data of the 
concentrations of mediators included in our analyses are 
summarized in Table A1 of the appendix. One mediator, 
IL-1α, was under the detection limit for most individuals. 
Whenever the value of a mediator was under the detection 
limit, the lower limit of the assay was used as the value.

Table 1 shows the results of the linear regression analy-
ses regarding the difference between cases and controls at 
baseline. Significant differences were found for GM-CSF, 
IL-1β and IL-4, with concentrations in the control subjects 
being higher than in the AP subjects.

Table  2 shows the results of the linear mixed model 
analyses regarding the within-group changes between 
the baseline measurement and the last measurement in 
the AP cases. Concentrations of IL-10 and IL-12p70 were 
significantly lower at the last measurement compared 
with the baseline. Although there were also noteworthy 
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changes in the concentrations of TNF-α, RANKL and 
CRP, they were not statistically significant. There was also 
a noteworthy difference (reduction) between baseline and 
visit 3 in the concentration of TNF-α of −.20 with p = .04 
CI (−0.38 to −0.01) (Figure 2).

Table  3 shows the results of the linear mixed model 
analyses comparing the AP cases and the controls regard-
ing the three measurements after tooth extraction and per 
follow-up. The concentrations of G-CSF, IL-4 and IL-1β 
were significantly higher after tooth extraction in the AP 
cases. The concentration of inflammatory markers in the 
time is shown in Figures 2–4.

Finally, it was investigated whether the differences be-
tween AP cases and controls were different for males and 
females and whether they were different for different age 

groups. For males and females, no significant differences 
were found, while for age significant interactions were 
demonstrated for IL-17A (stronger differences for the 
third age group) and IFN-γ (stronger differences for the 
second and strongest for the third age group).

DISCUSSION

The possible systemic consequences of AP have often 
been addressed in the literature; however, there were al-
ways limitations in study designs (Georgiou et al., 2019). 
This study was designed in which, for the first time, a very 
broad panel of IM in blood was examined longitudinally in 
AP and control subjects (Georgiou et al., 2021). In the case 

F I G U R E  1   Flowchart with the 
inclusion of subjects
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of the AP subjects, the tooth with AP was extracted at the 
third visit. At baseline, G-CSF, IL-1β and IL-4 were signif-
icantly lower in AP subjects than in controls. Comparison 
of the differences between the baseline and the last visit, 
i.e. 3 months after the tooth extraction, showed a signifi-
cant reduction in IL-10 and IL-12p70. Tooth extraction 
implies trauma to tooth-surrounding tissues and its heal-
ing also had an effect on the fluctuation of IMs. At first 
glance when inspecting the results, it seems that AP has 
no effect on systemic IM and that the choice of the con-
trol group was unfortunate, since, at baseline, the con-
centrations of all the IMs except IL-10 and MIP-1α were 
always higher in controls than in AP subjects. Evoking an 
inflammatory response in itself, the healing of the tooth 
extraction resulted in some changes in most IMs within 
the AP subjects. Even though the concentrations of the 
IMs in AP subjects were the highest after tooth extrac-
tion, they were still lower than those in the control group. 
However, the controls were carefully selected on the basis 
of their good health and they matched with the sex and 
age and were included within 4 weeks of inclusion of the 
AP subjects. This series of results can be explained by 
compensatory immunosuppression, whereby a chronic 

inflammatory state such as AP evokes compensatory 
immunosuppression, which inhibits proinflammatory 
processes by impairing the functions of effector immune 
cells, e.g. macrophages, T-cells and natural killer (NK) 
cells (Salminen,  2021a). The result of immunosuppres-
sion is homeostasis, which is the state of steady chemi-
cal and physical conditions maintained by living systems 
to function optimally. The ability of the system to reach 
homeostasis can be seen as characteristic of a healthy 
resilient organism (Figure  5) (Huber et al.,  2011). The 
common three characteristics of the compensatory anti-
inflammatory state, which involve (i) the induction of 
myeloid-biased emergency myelopoiesis, (ii) the expan-
sion and activation of immunosuppressive cells and (iii) 
the increased expression of anti-inflammatory cytokines 
TGF-β and IL-10 (Ahn et al., 2017; Mira et al., 2017). All 
in all, the effect of immunosuppression is a hamper im-
mune response to intruders.

Macrophage inflammatory protein-1α (MIP-1α) is 
produced by the bone marrow and is crucial for the re-
cruitment of macrophages and T lymphocytes from the 
circulation to sites of infection or injury. It also acts as a 

T A B L E  1   Results of linear regression analyses comparing the 
AP cases and the controls at baseline

Blood 
biomarker

Coefficient 
(difference) 
(pg/ml)

p-Value  
(95% CI) (pg/ml)

VEGF 10.15 .24 (−6.59 to 26.88)

CRP 1 134 250 .28 (−909 793.6 to 3 178 293)

G-CSF 0.04 .000 (0.02 to 0.05)

IL-1α 0.06 .18 (−0.03 to 0.15)

IL-1β 0.02 .03 (0.00 to 0.05)

IL-4 0.01 .01 (0 to 0.02)

IL-6 −0.05 .63 (−0.24 to 0.15)

IL-8 −0.10 .84 (−1.17 to 0.96)

IL-10 −0.53 .31 (−1.56 to 0.49)

IL-12p70 0 .89 (−0.04 to 0.04)

IL-17A −0.03 .84 (−0.31 to 0.26)

IFN-γ 2.30 .32 (−2.2 to 6.8)

MIP-1α −35.16 .28 (−101.23 to 30.92)

OPG 30.86 .46 (−50.94 to 112.66)

TNF-α 0 .98 (−0.41 to 0.43)

RANKL −2.08 .33 (−6.34 to 2.18)

Note: The values in bold are the statistical significant results.
Abbreviations: AP, apical periodontitis; CRP, C-reactive protein; G-CSF, 
granulocyte colony-stimulating factor; IFN, interferon; IL, interleukin; 
MIP-1α, macrophage inflammatory protein-1α; OPG, osteoprotegerin; 
RANKL, receptor activator of nuclear factor kappa-Β ligand; TNF, tumour 
necrosis factor; VEGF, vascular endothelial growth factor.

T A B L E  2   The comparison of blood concentration of 
inflammatory mediators between baseline (average visit 1 and 2) 
and visit 6 of AP cases

Blood 
biomarker

Coefficient 
(difference) 
(pg/ml)

p-Value  
(95% CI)  
(pg/ml)

VEGF 1.78 .65 (−5.93 to 9.50)

CRP −1 313 800 .09 (−2 849 021 to 221 420.4)

G-CSF −0.001 .89 (−0.02 to 0.02)

IL_1α 0.03 .55 (−0.06 to 0.12)

IL-1β −0.002 .839 (−0.02 to 0.02)

IL-4 −0.001 .196 (−0.003 to 0.0007)

IL-6 −0.04 .763 (−0.32 to 0.23)

IL-8 −0.46 .270 (−1.29 to 0.36)

IL-10 −0.25 .03 (−0.48 to −0.02)

IL-12p70 −0.039 .012 (−0.04 to −0.01)

IL-17A −0.06 .65 (−0.30 to 0.19)

IFN-γ −0.15 .966 (−7.06 to 6.77)

MIP-1α 4.02 .271 (−3.14 to 11.19)

OPG −2.61 .839 (−27.75 to 22.53)

TNF-α −0.18 .07 (−0.37 to 0.01)

RANKL 2.42 .06 (−0.11 to 4.95)

Note: The values in bold are the statistical significant results.
Abbreviations: AP, apical periodontitis; CRP, C-reactive protein; IFN, 
interferon; IL, interleukin; MIP-1α, macrophage inflammatory protein-1α; 
OPG, osteoprotegerin; RANKL, receptor activator of nuclear factor kappa-Β 
ligand; TNF, tumour necrosis factor; VEGF, vascular endothelial growth 
factor.
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potent osteoclast activator and induces bone resorption 
(Bhavsar & Al-Sabbagh,  2015; Broxmeyer et al.,  1999). 
When comparing the level of MIP-1alpa in the plasma 
of AP subjects and control subjects, it was observed that 
there were higher serum concentrations of MIP-1α/
CCL3 in the AP group than in the healthy control group 
but not statistically significant. These findings corre-
spond with studies examining the systemic effect of 
marginal periodontitis (de Queiroz et al.,  2008), while 
there has been no study about the levels of MIP-1α in 
AP subjects. Considering that MIP-1α is produced by the 
bone marrow and there is increased myelopoiesis in a 
state of low-grade inflammation, the fact that MIP-1α 
concentration is constantly higher in AP subjects and 
does not reduce 3 months after the tooth extraction, can 
be explained.

Our finding was that the concentrations of G-CSF, IL-1 
β and IL-4 in the peripheral blood of the subjects were 
significantly higher in the control group than in the AP 
subjects. G-CSF and IL-4 produced by Natural Killer T-
cells (NKT) inversely regulate IL-1β production by mac-
rophages (Ahn et al., 2017). NKT cells are a distinct T-cell 
subset that links innate and adaptive immune responses. 
NKT cells regulate macrophage production of IL-1β via 
cytokine production. Among cytokines secreted by NKT 
cells, G-CSF and IL-4 inversely influence IL-1β production. 
G-CSF regulates LPS-mediated pro-IL-1β expression and 
inflammasome activation. IL-4 enhances the M2 polariza-
tion of macrophages, which as a consequence inhibits IL-
1β production. These mediators are therefore involved in 
the pathway that is regulated by NKT cells and is inhibited 
while in the state of compensatory immunosuppression.

F I G U R E  2   The concentration of the proinflammatory markers longitudinally during the six visits (a) CRP, (b) G-CSF, (c) IL-12p70, (d) 
IL-1β, (e) TNF-α. CRP, C-reactive protein; G-CSF, granulocyte colony-stimulating factor; IL, interleukin; TNF, tumour necrosis factor
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During the healing of the tooth extraction, there were 
also significant treatment effects when measuring the 
concentration of G-CSF, IL-1β and IL-4 in the circulatory 
blood of the AP subjects. It should be noted that G-CSF 
increases IL-1β production by macrophages at one-tenth 
the concentration of IL-4, suggesting that G-CSF might 
provide a stronger signal than IL-4 for IL-1β production 
according to a study published recently (Ahn et al., 2017). 
This can be seen in the first follow-up visit when there was 
a very significant increase in G-CSF (p = 0) while for IL-4 
and Il-1 β the changes were significant but more moderate.

After the tooth extraction of the AP subjects, the 
system tries to recover and exit the state of low-grade 
inflammation. Anti-inflammatory cytokines, with IL-
10 being one of the main, secreted by regulatory im-
mune cells are the key messengers, which induce the 
immunosuppressive responses in inflamed tissues of 
AP (Salminen,  2021b). After the AP is alleviated and 
3 months have passed since the extraction of the teeth, 

there is a significant difference in the concentration of 
IL-10, being significantly lower at the last follow-up. In 
the existing literature, one study examined the IL-10 in 
AP subjects in a case–control study (Garrido et al., 2019). 
In that study, the levels of the concentrations of IL-
10 were the same in AP and control subjects, but also 
subjects with marginal periodontitis and smokers were 
included. Therefore, the validity of these results is ques-
tionable, since potentially confounding factors were not 
taken into consideration. In our study, the levels of IL-10 
were higher in the AP subjects compared with controls 
but not significantly. On the other hand, after the tooth 
extraction, there was a significant reduction. This infor-
mation would have been missed if it was not for the lon-
gitudinal design of our study.

The concentration of IL-12p70 at the last follow-up 
visit after the extraction of the teeth was significantly 
lower than at baseline. IL-12p70 is a bioactive member 
of the IL-12 family of cytokines, which are key players 

F I G U R E  3   The concentration of the anti-inflammatory markers longitudinally during the six visits (a) IL-4, (b) IL-10. IL, interleukin
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F I G U R E  4   The concentration of bone metabolism markers longitudinally during six visits (a) RANKL (b) OPG. OPG, Osteoprotegerin; 
RANKL, receptor activator of nuclear factor kappa-Β ligand
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in the regulation of T-cell responses. IL-12 is composed 
of p35 and p40 subunits, which, when combined, form 
the IL-12p70 (Gee et al.,  2009). To our knowledge, no 
other study has looked into the levels of IL-12p70 lon-
gitudinally, although, one case–control study (Garrido 
et al.,  2019) found no significant differences between 
cases and controls. Considering the immunologic pro-
file of low-grade inflammation, comparisons within the 
individuals are more appropriate for the purposes of 
making conclusions about the effect of AP on the IL-
12p70 levels.

Several studies exploring the systemic effect of 
AP have examined concentrations of CRP. Various 
case–control studies (Garrido et al.,  2019; Harjunmaa 
et al., 2018; Ren & Malmstrom, 2007; Sirin et al., 2019), 
animal studies (Buttke et al.,  2005) and interventional 
studies with one follow-up (Poornima et al., 2021; Ren 
& Malmstrom,  2007) were performed. All these case–
control studies found a ‘dose-dependent’ relationship 
between the concentration of CRP, the severity of the in-
flammation (symptomatic, with fistulas and/or swelling, 
bigger lesions) and the number of AP teeth (Georgiou 
et al., 2019). Sirin et al. (2019) concluded that patients' 
CRP levels were reliable predictive indicators for AP 
severity. They also found no statistically significant 

difference in the levels of CRP between the control 
group and AP subjects with one asymptomatic tooth, 
in whom the levels of CRP were even slightly lower. 
Since we also included subjects with one asymptomatic 
AP tooth: the minimum burden, Sirin Ozcelik's results 
are consistent with our own. Also, longitudinally, there 
was a statistically significant difference between the 
first visit and the visit 3  months after tooth extraction 
(p  =  .04); this corresponded to the results of previous 
studies (Poornima et al., 2021). However, this difference 
becomes nonsignificant when we use the average of vis-
its 1 and 2 as a baseline (p = .09), which was performed 
in the current study to eliminate normal fluctuations. 
Up to today all the studies performed used only a single 
baseline measurement.

In the design of the study, blood plasma values from 
visits 1–3 were meant to be averaged to serve as a base-
line. However, at visit 3 blood had been drawn min-
utes before local anaesthesia and tooth extraction and 
later analysis showed that the concentration of TNF-α 
was lower than in blood drawn at visit 1 (p = .05). This 
drop in TNF-α may have resulted from the psycholog-
ical stress caused by the extraction that took place at 
the same visit. There is evidence that stress promotes 
an immunosuppressive cytokine phenotype. In a recent 

F I G U R E  5   In chronic low-grade inflammation, the immune response is decreased in order to maintain homeostasis.
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animal study, it was found that, despite an in-vitro chal-
lenge with bacterial LPS, the concentration of TNF-α 
and IL-1beta of rats was lower, when they experienced 
severe stress. The levels of IL-10 remained unaffected 
(Connor et al.,  2005). These results correspond to the 
findings of this study. Therefore, it was decided to use 
only visits 1 and 2 as the baseline. For future longitu-
dinal studies, it is important not to combine an inter-
vention with a baseline measurement as subjects can be 
nervous about undergoing the intervention.

In the present study, bone-remodelling IM OPG 
and receptor activator of nuclear factor kappa-Β ligand 
(RANKL) were also examined, and the analytical data 
confirmed that remodelling procedures were taking place 
during ongoing AP. The concentration of OPG in AP sub-
jects at all visits was lower than that in controls, although 
not significantly, and was even lower in visit 6 (Figure 4b). 
The RANKL concentration was slightly higher in AP sub-
jects than in controls and increased even more after the 
tooth extraction (Figure  4a). Although all the changes 
were not significant, some trends were obvious and they 
correspond with previous findings from animal studies 
(Koth et al., 2021; Ribeiro et al., 2020). This is the first time 
that OPG and RANKL were measured in peripheral blood 
in subjects with AP and also the first time the levels after 
dental extraction were examined.

This study design was designed to alleviate any bias 
and doubts in previously published work on this subject. 
Out of a need for carefully planned clinical studies that 
would resolve the inconsistencies in terms of designs and 
the choice of IMs examined, the case and control groups 
were carefully chosen and matched and the health of all 
participants was monitored during the different visits. 
Diagnosis (chronic AP) and treatment (extraction of the 
tooth involved) were the same for all participants. In the 
profile of IMs of peripheral blood, we were thus able to 
examine the minimum burden that AP can have on the 
healthy human body. In sick individuals, with disrupted 
homeostasis, the burden and effect of AP on their health 
may be greater. This is an important topic for future re-
search. Finally, after consultation with an expert in longi-
tudinal data analysis, the most suitable method was used 
to analyse the data.

Despite these strengths, there are also some limita-
tions that should be considered in future study design. 
All subjects were followed for a period of 3 months after 
tooth extraction. We assumed that the case-group values 
of these biomarkers after healing would be at the same 
levels as those in the control group. However, it was ob-
served that not all mediators returned to the control levels. 
It is possible that this is attributed, not only to systemic 
reasons but also local. In some cases there are periapical 
bacteria in biofilms within the lesion, that may take longer 

than 3 months to resolve completely (Riool et al., 2014). It 
is, therefore, proposed that, in order to understand how 
long it takes for the system to fully recover, future studies 
should include more than six visits, 6 months and possibly 
1 year after tooth extraction.

In addition, a very broad panel of IMs was examined, 
which was costly. Due to the exploratory nature of this 
study, a wide array of proteins has been selected. However, 
some of these mediators were not very indicative of the 
situation or were involved in the inflammatory process 
later on in the inflammatory pathway. We propose that 
future studies examine CRP, GM-CSF, IL-4, IL-1β, IL-10, 
IL-12p70 and OPG / RANKL. Additionally, even though 
it was not examined in this study, TGF-β would also be an 
indicator of low-grade inflammation (Jonsjo et al., 2020). 
Finally, since some IM, such as TNF-alpha, are also af-
fected by other factors such as the stress described above, 
a stressful therapeutic intervention should not take place 
at the same time as blood is drawn.

CONCLUSIONS

To our knowledge, this is the first longitudinal evalua-
tion of the effects of AP and dental extraction in such a 
broad selection of IM in peripheral blood. The immuno-
logic profile of chronic AP in one tooth seems to reveal a 
systemic low-grade inflammation through compensatory 
immunosuppression—which, on the basis of other studies 
in this field, seems to be dose-dependent. A larger lesion 
or multiple lesions could disrupt the balance that the sys-
tem is trying to maintain, resulting in loss of homeostasis.

AUTHOR CONTRIBUTIONS
A. C. Georgiou, S.V. van der Waal and W. Crielaard in-
volved in conceptualization. A. C. Georgiou and S. V. van 
der Waal performed the study. A. C. Georgiou and J. W. R. 
Twisk analysed the data. A. C. Georgiou drafted the man-
uscript. A. C. Georgiou, J. W. R. Twisk, P. Ouwerling, A. 
H. Schoneveld and S. V. van der Waal reviewed and edited 
the final manuscript.

FUNDING INFORMATION
This study was funded partially by the annual research 
prize of the European Society of Endodontology (ESE) 
and by the department of Preventive Dentistry of the 
Academic Centre for Dentistry Amsterdam (ACTA).

CONFLICT OF INTEREST
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
Data will be available on request.

 13652591, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iej.13854 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [11/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  141GEORGIOU et al.

ETHICS STATEMENT
Approval was sought and received by the Medical Ethical 
Committee of the VU medical Centre, Amsterdam, the 
Netherlands (registration number 2016.187).

ORCID
Athina Christina Georgiou   https://orcid.
org/0000-0001-7198-5909 
Suzette Veronica van der Waal   https://orcid.
org/0000-0002-6407-3714 

REFERENCES
Abdolsamadi, H.R., Vahedi, M., Esmaeili, F., Nazari, S. & 

Abdollahzadeh, S. (2008) Serum interleukin-6 as a serologic 
marker of chronic periapical lesions: a case-control study. 
Journal of Dental Research, Dental Clinics, Dental Prospects, 2, 
43–47.

Ahn, S., Jeong, D., Oh, S.J., Ahn, J., Lee, S.H. & Chung, D.H. (2017) 
GM-CSF and IL-4 produced by NKT cells inversely regulate 
IL-1β production by macrophages. Immunology Letters, 182, 
50–56.

Arababadi, M.K., Pourfathollah, A.A., Jafarzadeh, A. & Hassanshahi, 
G. (2010) Serum levels of IL-10 and IL-17A in occult HBV-
infected south-east iranian patients. Hepatitis Monthly, 10, 
31–35.

Bhavsar, I.M.C.S. & Al-Sabbagh, M. (2015) Macrophage inflam-
matory protein-1 alpha (MIP-1 alpha)/CCL3: as a biomarker. 
Dordrecht: Springer.

Broxmeyer, H.E., Cooper, S., Hangoc, G., Gao, J.L. & Murphy, P.M. 
(1999) Dominant myelopoietic effector functions mediated by 
chemokine receptor CCR1. Journal of Experimental Medicine, 
189, 1987–1992.

Buttke, T.M., Shipper, G., Delano, E.O. & Trope, M. (2005) C-reactive 
protein and serum amyloid a in a canine model of chronic api-
cal periodontitis. Journal of Endodontics, 31, 728–732.

Connor, T.J., Brewer, C., Kelly, J.P. & Harkin, A. (2005) Acute stress 
suppresses pro-inflammatory cytokines TNF-alpha and IL-1 
beta independent of a catecholamine-driven increase in IL-10 
production. Journal of Neuroimmunology, 159, 119–128.

Cotti, E., Dessì, C., Piras, A., Flore, G., Deidda, M., Madeddu, C. 
et al. (2011) Association of endodontic infection with detec-
tion of an initial lesion to the cardiovascular system. Journal of 
Endodontics, 37, 1624–1629.

Cotti, E., Zedda, A., Deidda, M., Piras, A., Flore, G., Ideo, F. et al. 
(2015) Endodontic infection and endothelial dysfunction are 
associated with different mechanisms in men and women. 
Journal of Endodontics, 41, 594–600.

de Queiroz, A.C., Taba, M., Jr., O'Connell, P.A., da Nóbrega, P.B., 
Costa, P.P., Kawata, V.K. et al. (2008) Inflammation markers in 
healthy and periodontitis patients: a preliminary data screen-
ing. Brazilian Dental Journal, 19, 3–8.

Dessaune Neto, N., Porpino, M.T.M., Antunes, H.D.S., Rodrigues, 
R.C.V., Perez, A.R., Pires, F.R. et al. (2018) Pro-inflammatory 
and anti-inflammatory cytokine expression in post-treatment 
apical periodontitis. Journal of Applied Oral Science, 26, 
e20170455.

Garrido, M., Cárdenas, A.M., Astorga, J., Quinlan, F., Valdés, M., 
Chaparro, A. et al. (2019) Elevated systemic inflammatory 

burden and cardiovascular risk in young adults with endodon-
tic apical lesions. Journal of Endodontics, 45, 111–115.

Gee, K., Guzzo, C., Che Mat, N.F., Ma, W. & Kumar, A. (2009) The 
IL-12 family of cytokines in infection, inflammation and au-
toimmune disorders. Inflammation & Allergy Drug Targets, 8, 
40–52.

Georgiou, A.C., Crielaard, W., Armenis, I., de Vries, R. & van der 
Waal, S.V. (2019) Apical periodontitis is associated with ele-
vated concentrations of inflammatory mediators in periph-
eral blood: a systematic review and meta-analysis. Journal of 
Endodontics, 45, 1279–95.e3.

Georgiou, A.C., Crielaard, W., Ouwerling, P., McLean, W., Lappin, 
D.F. & van der Waal, S.V. (2021) The influence of apical peri-
odontitis on the concentration of inflammatory mediators in 
peripheral blood plasma and the metagenomic profiling of end-
odontic infections: study design and protocol. Contemporary 
Clinical Trials Communications, 21, 100686.

Harjunmaa, U., Doyle, R., Järnstedt, J., Kamiza, S., Jorgensen, 
J.M., Stewart, C.P. et al. (2018) Periapical infection may affect 
birth outcomes via systemic inflammation. Oral Diseases, 24, 
847–855.

Huber, M., Knottnerus, J.A., Green, L., Horst, H., Jadad, A.R., 
Kromhout, D. et al. (2011) How should we define health? BMJ, 
343, d4163.

Jonsjo, M.A., Olsson, G.L., Wicksell, R.K., Alving, K., Holmstrom, L. & 
Andreasson, A. (2020) The role of low-grade inflammation in ME/
CFS (Myalgic encephalomyelitis/chronic fatigue syndrome) – as-
sociations with symptoms. Psychoneuroendocrinology, 113, 104578.

Kakehashi, S., Stanley, H.R. & Fitzgerald, R.J. (1965) The effects 
of surgical exposures of dental pulps in germ-free and con-
ventional laboratory rats. Oral Surgery, Oral Medicine, Oral 
Pathology, and Oral Radiology, 20, 340–349.

Koth, V.S., Salum, F.G., de Figueiredo, M.A.Z. & Cherubini, K. (2021) 
Morphological and immunohistochemical features of tooth 
extraction sites in rats treated with alendronate, raloxifene, or 
strontium ranelate. Clinical Oral Investigations, 25, 2705–2716.

Marton, I.J. & Kiss, C. (1992) Influence of surgical treatment of peri-
apical lesions on serum and blood levels of inflammatory medi-
ators. International Endodontic Journal, 25, 229–233.

Minihane, A.M., Vinoy, S., Russell, W.R., Baka, A., Roche, H.M., 
Tuohy, K.M. et al. (2015) Low-grade inflammation, diet compo-
sition and health: current research evidence and its translation. 
British Journal of Nutrition, 114, 999–1012.

Mira, J.C., Brakenridge, S.C., Moldawer, L.L. & Moore, F.A. (2017) 
Persistent inflammation, immunosuppression and catabolism 
syndrome. Critical Care Clinics, 33, 245–258.

Moller, A.J., Fabricius, L., Dahlen, G., Ohman, A.E. & Heyden, G. 
(1981) Influence on periapical tissues of indigenous oral bacte-
ria and necrotic pulp tissue in monkeys. Scandinavian Journal 
of Dental Research, 89, 475–484.

Poornima, L., Ravishankar, P., Abbott, P.V., Subbiya, A. & 
PradeepKumar, A.R. (2021) Impact of root canal treatment on 
high-sensitivity C-reactive protein levels in systemically healthy 
adults with apical periodontitis –  a preliminary prospective, 
longitudinal interventional study. International Endodontic 
Journal, 54, 501–508.

Ren, Y.F. & Malmstrom, H.S. (2007) Rapid quantitative determi-
nation of C-reactive protein at chair side in dental emergency 
patients. Oral Surgery, Oral Medicine, Oral Pathology, and Oral 
Radiology, 104, 49–55.

 13652591, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iej.13854 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [11/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-7198-5909
https://orcid.org/0000-0001-7198-5909
https://orcid.org/0000-0001-7198-5909
https://orcid.org/0000-0002-6407-3714
https://orcid.org/0000-0002-6407-3714
https://orcid.org/0000-0002-6407-3714


142  |      APICAL PERIODONTITIS AND SYSTEMIC HEALTH

Ribeiro, L.N.S., Monteiro, P.M., Barretto, G.D., Luiz, K.G., Alves, 
S.Y.F. & Stuani, M.B.S. (2020) The effect of cigarette smoking 
and low-level laser irradiation in RANK/RANKL/OPG expres-
sion. Brazilian Dental Journal, 31, 57–62.

Riool, M., de Boer, L., Jaspers, V., van der Loos, C.M., van Wamel, 
W.J.B., Wu, G. et al. (2014) Staphylococcus epidermidis origi-
nating from titanium implants infects surrounding tissue and 
immune cells. Acta Biomaterialia, 10, 5202–5212.

Salminen, A. (2021a) Feed-forward regulation between cellular 
senescence and immunosuppression promotes the aging pro-
cess and age-related diseases. Ageing Research Reviews, 67, 
101280.

Salminen, A. (2021b) Increased immunosuppression impairs tissue 
homeostasis with aging and age-related diseases. Journal of 
Molecular Medicine, 99, 1–20.

Sirin, D.A., Ozcelik, F., Uzun, C., Ersahan, S. & Yesilbas, S. (2019) 
Association between C-reactive protein, neutrophil to lympho-
cyte ratio and the burden of apical periodontitis: a case-control 
study. Acta Odontologica Scandinavica, 77, 142–149.

Toledo, A.O.N., Couto, A.M.D., Madeira, M.F.M., Caldeira, P.C., 
Queiroz-Junior, C.M. & Aguiar, M.C.F. (2019) Cytokines and 
chemokines associated with Treg/Th17 response in chronic 

inflammatory periapical disease. Brazilian Oral Research, 33, 
e093.

Troen, B.R. (2003) Molecular mechanisms underlying osteoclast 
formation and activation. Experimental Gerontology, 38, 
605–614.

Zhu, H., Lin, X., Zheng, P. & Chen, H. (2015) Inflammatory cyto-
kine levels in patients with periodontitis and/or coronary heart 
disease. International Journal of Clinical and Experimental 
Pathology, 8, 2214–2220.

How to cite this article: Georgiou, A.C., Twisk, 
J.W.R., Crielaard, W., Ouwerling, P., Schoneveld, 
A.H. & van der Waal, S.V. (2023) The influence of 
apical periodontitis on circulatory inflammatory 
mediators in peripheral blood: A prospective case–
control study. International Endodontic Journal, 56, 
130–145. Available from: https://doi.org/10.1111/
iej.13854

 13652591, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iej.13854 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [11/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/iej.13854
https://doi.org/10.1111/iej.13854


      |  143GEORGIOU et al.

A
P

P
E

N
D

IX
 1

T
A

B
L

E
 A

1 
A

n 
ov

er
vi

ew
 o

f t
he

 m
ed

ia
n 

an
d 

ra
ng

e 
va

lu
es

 o
f c

as
e 

an
d 

co
nt

ro
l s

ub
je

ct
s o

f e
ve

ry
 in

fla
m

m
at

or
y 

m
ed

ia
to

r i
n 

ev
er

y 
vi

si
t.

V
ar

C
as

e/
co

nt
ro

l
V

1
V

2
V

3
V

4
V

5
V

6

V
EG

F
C

as
e

M
ed

ia
n

42
.3

5
48

.2
3

40
.6

2
42

.4
6

46
.0

1
45

.2
2

R
an

ge
14

.6
3–

12
8.

35
12

.8
5–

13
3.

04
10

.7
9–

16
5.

06
13

.5
2–

16
1.

89
13

.2
1–

18
3.

54
11

.3
5–

15
8.

69

C
on

tr
ol

M
ed

ia
n

65
.7

0
57

.5
3

57
.0

4
55

.6
7

61
.9

9
57

.3
5

R
an

ge
21

.7
5–

16
6.

52
25

.9
3–

11
6.

26
19

.6
8–

13
4.

62
25

.0
9–

13
1.

25
21

.1
7–

14
3.

04
25

.2
9–

19
6.

06

C
R

P
C

as
e

M
ed

ia
n

1 1
41

 51
5.

80
1 0

82
 27

0.
87

1 0
99

 06
7.

26
1 3

49
 56

5.
36

1 5
38

 49
3.

27
1 0

39
 18

8.
84

R
an

ge
76

 01
6.

90
–2

6 9
02

 07
1.

08
89

 09
1.

29
–8

 07
4 8

30
.2

3
15

9 8
53

.3
1–

7 0
79

 75
2.

56
20

2 3
48

.3
0–

7 2
42

 89
0.

66
73

 86
5.

66
–2

3 4
89

 70
5.

81
70

 61
9.

27
–4

 43
3 4

03
.9

1

C
on

tr
ol

M
ed

ia
n

1 4
00

 55
7.

56
1 8

04
 50

7.
65

1 3
56

 56
7.

75
1 0

92
 26

1.
92

1 2
99

 37
3.

85
1 2

06
 14

4.
37

R
an

ge
76

 33
5.

26
–2

9 4
93

 98
7.

2
75

 56
1.

5–
30

 50
1 9

88
.6

7
77

 50
9.

82
–1

6 5
54

 06
9.

96
74

 61
5.

54
–1

8 0
41

 85
9.

42
15

8 3
50

.3
3–

22
 76

5 5
21

.6
5

95
 93

5.
69

–2
9 5

24
 90

1.
44

G
M

-C
SF

C
as

e
M

ed
ia

n
0.

06
0.

05
0.

07
0.

06
0.

04
0.

06

R
an

ge
0.

01
–0

.1
5

0.
00

–0
.2

2
0.

02
–0

.1
6

0.
01

–0
.1

4
0.

01
–0

.6
5

0.
01

–0
.1

6

C
on

tr
ol

M
ed

ia
n

0.
09

0.
11

0.
09

0.
10

0.
09

0.
11

R
an

ge
0.

04
–0

.2
1

0.
03

–0
.1

7
0.

02
–0

.1
8

0.
01

–0
.1

8
0.

03
–0

.1
7

0.
05

–0
.1

8

IL
1a

lp
ha

C
as

e
M

ed
ia

n
0.

10
0.

26
0.

49
0.

29
0.

14
0.

25

R
an

ge
0.

02
–0

.5
0

0.
26

–0
.5

0
0.

10
–1

.5
7

0.
01

–0
.4

4
0.

05
–0

.3
9

0.
06

–0
.4

9

C
on

tr
ol

M
ed

ia
n

0.
10

0.
24

0.
18

0.
17

0.
07

0.
12

R
an

ge
0.

02
–1

.5
9

0.
02

–0
.4

7
0.

04
–0

.5
9

0.
02

–0
.3

0.
04

–0
.1

7
0.

03
–0

.4
0

IL
-1

be
ta

C
as

e
M

ed
ia

n
0.

18
0.

17
0.

16
0.

17
0.

17
0.

16

R
an

ge
0.

04
–0

.2
9

0.
04

–0
.2

4
0.

02
–0

.2
2

0.
06

–0
.2

6
0.

06
–0

.3
2

0.
05

–0
.3

6

C
on

tr
ol

M
ed

ia
n

0.
19

0.
19

0.
20

0.
19

0.
19

0.
18

R
an

ge
0.

13
–0

.4
4

0.
07

–0
.2

6
0.

10
–0

.2
5

0.
13

–0
.2

9
0.

11
–0

.4
2

0.
10

–0
.3

2

IL
-4

C
as

e
M

ed
ia

n
0.

04
0.

04
0.

04
0.

04
0.

04
0.

04

R
an

ge
0.

01
–0

.1
0

0.
01

–0
.1

0
0.

01
–0

.0
1

0.
00

–0
.1

0
0.

01
–0

.1
0

0.
00

–0
.1

0

C
on

tr
ol

M
ed

ia
n

0.
05

0.
05

0.
04

0.
04

0.
04

0.
05

R
an

ge
0.

03
–0

.0
9

0.
02

–0
.0

9
0.

03
–0

.0
9

0.
03

–0
.0

9
0.

03
–0

.0
9

0.
03

–0
.0

9

IL
-6

C
as

e
M

ed
ia

n
0.

65
0.

53
0.

58
0.

61
0.

54
0.

59

R
an

ge
0.

16
–2

.0
5

0.
13

–1
.7

9
0.

16
–1

.8
1

0.
32

–2
.0

8
0.

23
–1

.7
2

0.
19

–1
.7

2

C
on

tr
ol

M
ed

ia
n

0.
51

0.
61

0.
55

0.
46

0.
47

0.
54

R
an

ge
0.

22
–1

.1
9

0.
21

–2
.1

3
0.

28
–1

.5
8

0.
22

–1
.5

3
0.

20
–4

.6
0.

22
–8

.8
2

 13652591, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iej.13854 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [11/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



144  |      APICAL PERIODONTITIS AND SYSTEMIC HEALTH

V
ar

C
as

e/
co

nt
ro

l
V

1
V

2
V

3
V

4
V

5
V

6

IL
-8

C
as

e
M

ed
ia

n
6.

80
7.

52
6.

85
6.

84
7.

06
6.

56

R
an

ge
4.

03
–1

4.
37

3.
19

–1
6.

87
4.

32
–1

6.
97

3.
76

–1
3.

82
3.

79
–1

4.
09

0.
05

–1
5.

55

C
on

tr
ol

M
ed

ia
n

7.
21

6.
61

6.
78

7.
34

6.
32

7.
30

R
an

ge
4.

00
–1

4.
55

4.
45

–1
0.

49
4.

24
–1

0.
93

4.
27

–1
1.

88
3.

82
–1

5.
72

4.
10

–1
3.

59

IL
-1

0
C

as
e

M
ed

ia
n

0.
31

0.
30

0.
28

0.
29

0.
28

0.
26

R
an

ge
0.

19
–1

4
0.

14
–1

4.
41

0.
15

–1
3.

34
0.

15
–1

2.
21

0.
16

–1
0.

72
0.

04
–1

0.
05

C
on

tr
ol

M
ed

ia
n

0.
36

0.
33

0.
34

0.
29

0.
27

0.
39

R
an

ge
0.

21
–0

.9
9

0.
20

–0
.8

4
0.

19
–0

.9
8

0.
20

–0
.5

5
0.

17
–5

.0
0

0.
17

–1
.1

3

IL
-1

2p
70

C
as

e
M

ed
ia

n
0.

14
0.

14
0.

13
0.

12
0.

13
0.

13

R
an

ge
0.

08
–0

.4
1

0.
07

–0
.3

2
0.

05
–0

.3
2

0.
02

–0
.3

6
0.

07
–0

.3
7

0.
02

–0
.3

8

C
on

tr
ol

M
ed

ia
n

0.
14

0.
14

0.
14

0.
14

0.
13

0.
14

R
an

ge
0.

04
–0

.4
9

0.
07

–0
.4

7
0.

07
–0

.6
0

0.
06

–0
.4

4
0.

05
–0

.4
2

0.
06

–0
.4

0

IL
-1

7A
C

as
e

M
ed

ia
n

0.
38

0.
58

0.
38

0.
34

0.
43

0.
41

R
an

ge
0.

03
–3

.9
9

0.
13

–3
.4

4
0.

05
–1

.6
4

0.
08

–1
.2

2
0.

13
–2

.3
1

0.
03

–2
.0

9

C
on

tr
ol

M
ed

ia
n

0.
47

0.
39

0.
41

0.
43

0.
42

0.
57

R
an

ge
0.

09
–2

.1
0

0.
06

–2
.0

0
0.

07
–3

.7
8

0.
08

–1
.7

2
0.

06
–3

.4
2

0.
10

–2
.0

1

IF
N

-g
am

m
a

C
as

e
M

ed
ia

n
7.

57
6.

69
4.

70
5.

28
5.

36
5.

36

R
an

ge
2.

58
–5

5.
69

2.
11

–2
1.

08
2.

12
–3

1.
17

2.
33

–6
8.

76
3.

27
–4

2.
37

1.
85

–3
3.

68

C
on

tr
ol

M
ed

ia
n

7.
94

7.
68

7.
98

7.
61

6.
83

7.
89

R
an

ge
3.

32
–7

7.
48

3.
28

–6
1.

89
3.

53
–8

8.
71

3.
47

–2
8.

06
3.

73
–1

82
.1

5

M
IP

-1
al

ph
a

C
as

e
M

ed
ia

n
12

.0
3

10
.9

3
10

.6
2

11
.8

5
12

.1
3

11
.2

1

R
an

ge
6.

47
–9

29
.3

3
5.

13
–8

80
.0

3
5.

56
–1

06
0.

02
4.

88
–1

04
6.

63
3.

18
–1

12
0.

31
6.

85
–1

00
1.

32

C
on

tr
ol

M
ed

ia
n

10
.9

3
11

.2
5

10
.5

5
10

.5
4

10
.3

0
11

.0
3

R
an

ge
3.

15
–1

7.
13

3.
07

–1
7.

82
3.

82
–1

7.
81

4.
45

–1
8.

00
4.

93
–1

4.
70

6.
34

–1
9.

02

O
PG

C
as

e
M

ed
ia

n
62

0.
07

61
5.

43
66

9.
79

63
8.

94
68

5.
35

62
9.

32

R
an

ge
34

7.
87

–9
25

.4
8

35
5.

65
–1

02
1.

67
39

3.
90

–9
41

.2
0

40
0.

57
–8

84
.6

0
39

8.
13

–8
81

.5
0

44
1.

79
–9

26
.5

2

C
on

tr
ol

M
ed

ia
n

66
4.

94
68

5.
38

67
6.

71
68

8.
20

71
5.

12
67

9.
06

R
an

ge
42

1.
67

–1
01

9.
50

41
8.

66
–9

85
.3

0
45

9.
82

–1
10

4.
28

47
1.

91
–1

04
2.

91
45

8.
49

–1
07

4.
59

43
9.

18
–1

21
6.

87

T
A

B
L

E
 A

1 
(C

on
tin

ue
d)

 13652591, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iej.13854 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [11/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  145GEORGIOU et al.

V
ar

C
as

e/
co

nt
ro

l
V

1
V

2
V

3
V

4
V

5
V

6

TN
F-

al
ph

a
C

as
e

M
ed

ia
n

2.
58

2.
59

2.
52

2.
50

2.
48

2.
31

R
an

ge
0.

82
–4

.7
5

0.
81

–4
.7

2
0.

89
–3

.7
3

0.
84

–4
.6

3
0.

84
–4

.7
8

0.
03

–4
.3

6

C
on

tr
ol

M
ed

ia
n

2.
69

2.
57

2.
52

2.
33

2.
59

2.
70

R
an

ge
1.

59
–4

.1
4

1.
54

–4
.7

3
1.

51
–4

.4
1

1.
53

–4
.1

8
1.

63
–3

.9
4

1.
56

–4
.7

5

R
A

N
K

L
C

as
e

M
ed

ia
n

10
.1

0
8.

53
10

.6
0

10
.0

0
11

.0
9

14
.0

2

R
an

ge
0.

87
–3

6.
8

2.
75

–3
1.

15
2.

15
–2

6.
94

0.
3–

24
.9

5
2.

82
–2

9.
91

1.
61

–4
4.

84

C
on

tr
ol

M
ed

ia
n

8.
99

11
.3

6
8.

15
11

.3
6

10
.8

4
11

.3
6

R
an

ge
0.

36
–2

5.
01

0.
84

–2
3.

06
0.

3–
30

.8
5

0.
84

–2
7.

48
0.

36
–2

5.
43

2.
93

–2
2.

9

A
bb

re
vi

at
io

ns
: C

R
P,

 C
-r

ea
ct

iv
e 

pr
ot

ei
n;

 IF
N

, i
nt

er
fe

ro
n;

 IL
, i

nt
er

le
uk

in
; M

IP
-1

α,
 m

ac
ro

ph
ag

e 
in

fla
m

m
at

or
y 

pr
ot

ei
n-

1α
; O

PG
, o

st
eo

pr
ot

eg
er

in
; R

A
N

K
L,

 re
ce

pt
or

 a
ct

iv
at

or
 o

f n
uc

le
ar

 fa
ct

or
 k

ap
pa

-Β
 li

ga
nd

; T
N

F,
 tu

m
ou

r 
ne

cr
os

is
 fa

ct
or

; V
EG

F,
 v

as
cu

la
r e

nd
ot

he
lia

l g
ro

w
th

 fa
ct

or
.

T
A

B
L

E
 A

1 
(C

on
tin

ue
d)

 13652591, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/iej.13854 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [11/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


	The influence of apical periodontitis on circulatory inflammatory mediators in peripheral blood: A prospective case–­control study
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Clinical procedures for the collection of blood samples
	Quantitative protein assessment
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


