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Abstract

Aim: To examine the associations between bone turnover markers and periodontitis
in two cross-sectional population-based studies.

Materials and Methods: We used data from two independent adult samples
(N = 4993), collected within the Study of Health in Pomerania project, to analyse
cross-sectional associations of N-procollagen type 1 amino-terminal propeptide
(PANP), C-terminal cross-linking telopeptide, osteocalcin, bone-specific alkaline phos-
phatase (BAP), fibroblast growth factor 23, wingless-type mouse mammary tumour
virus integration site family member 5a (WNT5A), and sclerostin values with peri-
odontitis. Confounder-adjusted gamma and fractional response regression models
were applied.

Results: Positive associations were found for PANP with mean pocket probing depth
(PPD; e/ =1.008; 95% confidence interval [CI]: 1.001-1.015), mean clinical attach-
ment loss (mean CAL; e/ = 1.027; 95% Cl: 1.011-1.044), and proportion of sites with
bleeding on probing (%¥BOP; e/ =1.055; 95% Cl: 1.005-1.109). Similar associations
were seen for BAP with %BOP (e# = 1.121; 95% Cl: 1.042-1.205), proportion of sites
with PPD 24 mm (%PPD4) (ef = 1.080; 95% Cl: 1.005-1.161), and sclerostin with %
BOP (e =1.308; 95% Cl: 1.005-1.704). WNT5A was inversely associated with mean
PPD (e#=0.956; 95% Cl: 0.920-0.993) and %PPD4 (e =0.794; 95% Cl:
0.642-0.982).

Conclusions: This study revealed scattered associations of PINP, BAP, WNT5A, and
sclerostin with periodontitis, but the results are contradictory in the overall context.

Associations reported in previous studies could not be confirmed.
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Clinical Relevance

any association.

1 | INTRODUCTION

Periodontitis is a chronic multifactorial disease characterized by a
host-mediated inflammation of the periodontium, which is associated
with dysbiotic plaque biofilms. It affects around 50% of the adult pop-
ulation, with 10% suffering from severe periodontitis, and its clinical
appearance is marked by a loss of periodontal tissue (Papapanou
et al., 2018; Bernabé et al., 2020). Although plaque is necessary, its
mere presence is not sufficient for the disease to occur. The suscepti-
bility to periodontitis is related to several risk factors (Meyle &
Chapple, 2015), including conditions modulating bone homeostasis
such as osteoporosis (Kinane, 2001; Bouchard et al., 2017). Osteopo-
rosis, one of the most common metabolic bone disorders (Shetty
et al., 2016), arises from an imbalance between bone-building and
bone-degrading processes and is associated with a decrease in the
total bone mass (Payne et al., 2011). Bone loss in the context of
chronic inflammatory or degenerative conditions is accompanied by
alterations in biomarkers in the surrounding tissue and blood because
the resorption process releases peptides into the surrounding area,
which are normally embedded in the bone matrix (Funck-Brentano
et al., 2011; Payne et al., 2011). Markers associated with metabolizing
or restructuring of bone are summarized under the term “bone turn-
over markers” (BTMs). An increase in many of these metabolites is
associated with faster cortical and trabecular bone loss in men and
women (Marques et al., 2016). Decreased bone stiffness, in turn, is
associated with greater periodontal damage (Silveira et al., 2016).

Elevated levels of BTMs in the gingival crevicular fluid and saliva
of individuals with periodontitis have already been described
(Miricescu et al., 2014; Gursoy et al., 2016; Betsy et al., 2019). Local
effects aside, recent findings show that periodontal bacteria-induced
systemic interleukin (IL)-6 release can also systemically boost
osteoclastogenesis and thus influence bone resorption throughout the
body (Hajishengallis & Chavakis, 2021), making a bidirectional rela-
tionship between BTMs and periodontitis plausible.

Altered BTM levels could indicate both a general reduction in
total bone mass that damages the periodontium and a systemic conse-
guence of periodontitis releasing metabolites and bacteria in the cir-
culation. Few studies have examined serum BTM levels in relation to

periodontal status in population-based data. Furthermore, the

cross-sectional context.

Scientific rationale for study: Previous studies have not been conclusive regarding the association
between bone turnover markers (BTMs) and periodontitis.

Principal findings: We found scattered associations of periodontitis markers with N-procollagen
type 1 amino-terminal propeptide, bone-specific alkaline phosphatase, wingless-type mouse
mammal tumour virus integration site family member 5a, and sclerostin. However, the most

commonly used marker for bone resorption (C-terminal cross-linking telopeptide) did not reveal

Practical implications: Altered serum BTM levels may be associated with progressive deteriora-
tion of the periodontium. However, the markers most commonly used appear unsuitable in a

majority of available studies on the relationship between BTMs and
periodontal markers are limited to post-menopausal women, while
only few studies have been conducted in men (Payne et al., 2011,
Yoshihara et al., 2011; Schulze-Spate et al., 2015).

We investigated cross-sectional associations of N-procollagen
type 1 amino-terminal propeptide (PAINP), C-terminal cross-linking
telopeptide (CTX), osteocalcin, bone-specific alkaline phosphatase
(BAP), fibroblast growth factor 23 (FGF23), wingless-type mouse
mammal tumour virus integration site family member 5a (WNT5A),
and sclerostin values with periodontitis parameters in two large
population-based studies involving adult men and women after

adjusting for relevant confounding factors.

2 | MATERIALS AND METHODS

21 | Study population

The present study is based on data from two independent studies
from the Study of Health in Pomerania (SHIP) project conducted in a
region in north-eastern Germany (Vélzke et al., 2022). In the first
study, a sample of 6265 eligible individuals (20-79 years) was drawn
from local population registries, and 4308 participated in the baseline
examination between 1997 and 2001 (SHIP-START-0; response of
69%). A second examination cycle (SHIP-START-1) was conducted
between 2002 and 2006 and comprised 3300 participants (1711
women). A second independent study (SHIP-TREND-0) was con-
ducted between 2008 and 2012. A stratified random sample of 8826
men and women, aged 20-79 years, was selected from the same
catchment area as SHIP-START. In total, 4420 individuals participated
(2272 women) in SHIP-TREND-O (response of 50.1%).

For the present cross-sectional analyses, we pooled data from
SHIP-START-1 and SHIP-TREND-0. After exclusions (see Section 2.1.2
and Figure S1 for a detailed description), the analytical samples ranged
from 138 to 4993 subjects. All participants gave written informed
consent, and both studies followed the recommendations of the Dec-
laration of Helsinki and were approved by the Ethics Committee of
the University of Greifswald. The study was conducted and reported

in accordance with the STROBE (Strengthening the Reporting of
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Observational Studies in Epidemiology) guidelines (Vandenbroucke
et al., 2007).

211 | Periodontal examination

The periodontal assessment included clinical attachment loss (CAL),
pocket probing depth (PPD), and bleeding on probing (BOP). The peri-
odontal examination was performed on either the left-side or the
right-side quadrants. The examination side was changed from individ-
ual to individual (SHIP-START-1) or randomly selected (SHIP-TREND-
0). All fully erupted teeth were assessed, excluding the third molars.
CAL and PPD were assessed with a periodontal probe (SHIP-
START-1: PCP 11, SHIP-TREND-0: PCPUNC 15, Hu-Friedy, Chicago,
IL) at the mesio-buccal, disto-buccal, mid-buccal, and mid-lingual
aspect on each selected tooth. We applied a mathematical correction
for differences between the two probes (Holtfreter et al., 2012). CAL
is represented by the distance from the cemento-enamel junction to
the bottom and PPD by the distance from the gingival margin to the
bottom of the periodontal pocket. Measurements were recorded as
whole millimetres. BOP was recorded at four identical sites on the
first incisor, the canine, and the first molar in each probed quadrant. If
teeth were missing, the next distally located tooth was assessed. The
percentage of bleeding sites was determined.

Dental examinations were performed by six and five calibrated
and licensed dentists in SHIP-START-1 and SHIP-TREND-O, respec-
tively. In SHIP-START-1, intra-rater correlations of 0.70-0.89 per
examiner and an inter-rater correlation of 0.90 for CAL measurements
were achieved. For PPD measurements, intra-rater correlations
ranged between 0.43 and 0.82 per examiner and pairwise inter-rater
correlations ranged between 0.41 and 0.78. In SHIP-TREND-O, intra-
rater correlations for CAL measurements ranged between 0.67 and
0.89 and inter-rater correlation was 0.70. For PPD measurements, the
examiners yielded intra-rater correlations between 0.68 and 0.88 and
an inter-rater correlation of 0.72.

We not only calculated the mean CAL and mean PPD, but also
considered the proportion of sites with BOP (%BOP), PPD > 4 mm (%
PPD4), PPD = 6 mm (%PPDé6), and CAL =24 mm (%CAL4) (Caton
et al., 2018).

2.1.2 | Bone turnover markers

Venous blood samples were taken from the cubital vein in supine
position. Serum and plasma samples were stored at —80°C in the Inte-
grated Research Biobank of the University Medicine Greifswald and
used in accordance with its regulations (Winter et al., 2020). Serum
CTX, P1INP, osteocalcin, and BAP were measured on the IDS-iSYS
Multi-Discipline Automated Analyser (Immunodiagnostic Systems
Limited, Frankfurt am Main, Germany). CTX and P1NP were deter-
mined in all subjects of both studies. Osteocalcin was determined in
the entire SHIP-START-1 cohort and the first 1000 subjects of SHIP-

TREND-0 who underwent an oral glucose tolerance test (OGTT). BAP
was measured exclusively in SHIP-START-1.

FGF23 was determined in EDTA plasma with the HUMAN FGF-
23 (C-Term) enzyme-linked immunosorbent assay (ELISA; Immu-
ntopicy, Inc. San Clemente, CA) in the first 1000 participants of SHIP-
TREND-1 who underwent an OGTT. WNT5A was measured using a
sandwich ELISA kit (Uscn Life Science Inc, Wuhan, China) in a specifi-
cally selected subgroup (matched healthy control group to cases of
osteo or rheumatoid arthritis). Sclerostin was measured in serum using
an immunoassay (Biomedica Medizinprodukte GmbH & Co KG, Wien,
Austria) in a matched healthy control group (to patients receiving glu-
cocorticoids for treatment of rheumatoid arthritis or polymyalgia
rheumatic).

2.1.3 | Drugs modulating bone metabolism

Medication was categorized using the Anatomical Therapeutic Chemi-
cal Classification System (ATC) code. Bisphosphonates (ATC MO5BA
and MO5BB), selective oestrogen receptor modulators (ATC GO3XC),
parathyroid hormone (ATC HO5AA), strontium ranelate (ATC
MO5BX03), calcium (ATC A12A), vitamin D (ATC A11CC), and cortico-
steroids (ATC HO2AB and HO2BX) were defined as drugs that modu-
late bone metabolism (Silveira et al., 2016). Subjects reporting the
intake of at least one of these medications were excluded from the

analytical sample.

2.2 | Confounders

We applied the modified disjunctive cause criterion to select
covariates, assuming that direct causes of the exposure or outcome,
excluding possible instrumental variables, would identify a sufficient
set of confounders (VanderWeele et al., 2021). We controlled our
multivariable regression models for several covariates that were
assumed to induce a change in BTMs or cause periodontitis (Burch
et al., 2014; Natto et al., 2018). The confounding variables included
age, sex, school education, body mass index (BMI), smoking status,
alcohol consumption, and glycated haemoglobin (HbA1c). School edu-
cation was categorized as >10, 10, and <10 years. BMI was calculated
as weight (in kilograms) divided by the square of height (in meters).
Smoking was grouped into never, former, or current smoking. Average
alcohol consumption was assessed with a beverage-specific quantity-
frequency measure and was calculated by multiplying the frequency
and amount of alcohol from beer, wine, and spirits on a usual day over
the last 30 days, using beverage-specific pure ethanol volume content
(Baumeister et al, 2018). HbAlc was determined by high-
performance liquid chromatography (Diamat, Bio-Rad Laboratories,
Munich, Germany). Regression models further included a binary
dummy covariate for each participant's membership in each substudy,
thereby accounting for additional inter-study differences including dif-

ferences in periodontal marker definitions.
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2.3 | Statistical analysis

The associations of BTMs with mean CAL and mean PPD were exam-
ined using multivariable generalized linear models with gamma distri-
bution family and log link, considering the skewness of the
distributions. The gamma regression coefficients were exponentiated
(i.e., e”) and interpreted as a percent change of the outcome (Manning
et al., 2005). Fractional response logit models were used to analyse
the association of BTMs with %BOP, %PPD4, and %CAL4, as these
variables were restricted to a unit interval between 0 and 1 (Papke &
Wooldridge, 1996). Fractional response models are used when the
outcome distribution falls between 0 and 1 and a non-zero probability
prevails for the border values. Continuous covariates were modelled
using restricted cubic splines with three knots at fixed quantiles (0.1,
0.5 and 0.9) of the distribution. A test of non-linearity was conducted
by testing the coefficient of the second spline transformation
(Harrell, 2015). After confirming that the linearity assumption was met
by testing cubic spline transformations, effect estimates for BTMs
were reported as increment per SD for easy comparability between
exposures. We investigated multiplicative effect modification by test-
ing interaction terms between BTMs and sex and BTMs and meno-
pausal status (the latter in women only).

We performed a sensitivity analysis to investigate the robustness
to sample attrition from SHIP-START-0 to SHIP-START-1 and tested
the possibility of the missing-completely-at random assumption
underlying our primary models. Because baseline oral health measures
were inversely associated with participation in SHIP-START-1, we
performed a multivariable logistic model to estimate the probability of
participating in the SHIP-START-1 analytical samples. The inverses of
these probabilities were used as weights in weighted gamma and frac-
tional response regression models (Seaman & White, 2013). We per-
formed the analysis using R version 4.0.5 (R Foundation for Statistical
Computing) using the stats (4.0.5), rms (6.2-0), and sandwich (3.0-1)

packages.

3 | RESULTS

Combining both studies resulted in a total of 7720 individuals. The
sample characteristics and sizes for each BTM are provided in Table 1.
Study participants were excluded from the analytical sample because
dental data were missing (due to edentulism, medical contraindication
to the examination, or refusal [1341]) or because they reported intake
of bone-modulating drugs (1086). The analytical sample for PINP had
a mean (SD) age of 48.8 (14.2) years, included 52% male subjects, and
had a prevalence for known diabetes of 8.5%.

Overall, results were inconsistent regarding the effect of BTMs
on periodontitis, highlighting only few occasional significant associa-
tions (Table 2). We found evidence for positive associations of PINP
with mean CAL, %CAL4, and mean PPD; BAP with %BOP and %
PPD4; and sclerostin with %BOP, after adjustment for age, sex, school
education, BMI, smoking status, alcohol consumption, and HbA1lc.

Also, evidence for an inverse association of WNT5A with mean PPD

and %PPD4 was found. For example, a 1 SD increment in PINP was
associated with a 0.8% increase in mean PPD (ef = 1.008; 95% confi-
dence interval [Cl]: 1.001-1.015), and an increase of WNT5A by 1 SD
was associated with a 4.4% decrease in mean PPD (ef =0.956; 95%
Cl: 0.920-0.993).

In line, investigations of BTMs as outcomes revealed only spo-
radic significant associations (Table 3). Higher mean PPD was associ-
ated with lower levels of WNT5A; higher %PPD4 and %BOP were
accompanied by increased BAP; and, additionally, higher %BOP was
associated with an increment in PINP. For example, a 1-mm incre-
ment in mean PPD was associated with a 14% lower WNT5A value
(e# =0.859; 95% Cl: 0.753-0.984). A 100% increment in BOP was
associated with an increase of PANP by 5.5% (e =1.055; 95% ClI:
1.005-1.109).

Examination of remaining combinations of BTM levels and peri-
odontitis markers did not reveal any further relationships.

We tested whether sex modified the association between BTMs
and periodontal parameters, and found p-values for interaction to
range from .05 to .89. An analysis stratified by sex is provided in
Tables S4-S7, revealing a possible gender specificity of the markers
BAP and P1NP. Furthermore, we tested for an effect modification of
the BTM-periodontitis relationship by menopausal status (in women
only) and obtained p-values in the range .08-.83.

Additional application of weighted models using inverse probabil-
ity weighting (not shown here) as sensitivity analysis did not lead to
any substantial change in the results. In contrast, using an alternative
threshold of %PPD 26 mm as a periodontitis outcome revealed an
inverse association with CTX (ef =0.892; 95% Cl: 0.807-0.987) and a
positive association with sclerostin (ef =1.784; 95% Cl: 1.003-3.175).

4 | DISCUSSION

We examined several biomarkers that are used to assess bone turn-
over and found scattered associations of PINP, BAP, WNT5A, and
sclerostin with markers reflecting periodontal burden. Yet, for CTX,
the most commonly used reference marker of bone resorption
(Vasikaran et al., 2011), our study was unable to reveal solid
associations.

In accordance with our results, a study of 1107 older men
(65 years and above) did not find any differences in serum concentra-
tions of CTX and PAINP in relation to periodontal severity (Schulze-
Spate et al., 2015). For P1NP, we found evidence of a weak, but clini-
cally negligible association. Another analysis of serum osteocalcin
levels and periodontal parameters in 73 post-menopausal women also
found no association between the measures (Bullon et al., 2005). Also,
a connection between sclerostin and periodontitis, as suggested by
our data, could not be verified in a study including 61 post-
menopausal women (Pinho et al., 2017).

In contrast to our study, a possible linkage of BTMs and periodon-
titis was supported by results of a cross-sectional study on 148 elderly
subjects aged 77 years (Yoshihara et al., 2011) and by a longitudinal
study on 128 post-menopausal women with a history of generalized



urnal of (

RECKELKAMM ET AL. Jfe

3 WILEY_| %7

>f Clinic
Periodontology

TABLE 1  Study sample characteristics
Eligible
cases PINP CTX Osteocalcin BAP FGF23 WNT5A Sclerostin

N 5075 4993 4960 2864 2053 797 140 138
Mean CAL (mm) 2.38 (1.69) 2.38 (1.70) 2.38 (1.69) 2.31(1.66) 2.33(1.73) 2.28(1.48) 2.93(1.85) 2.86(2.03)
Mean PPD (mm) 2.45(0.68) 2.45(0.68) 2.45(0.68) 2.35(0.66) 2.29(0.67) 2.52(0.60) 2.39(0.66) 2.38(0.75)
%BOP 0.24 (0.25) 0.24 (0.25) 0.24 (0.25) 0.24 (0.26) 0.24 (0.27) 0.26 (0.25)  0.30(0.30)  0.27 (0.30)
%PPD4 0.14 (0.19) 0.14 (0.19) 0.14 (0.19) 0.14 (0.19) 0.15(0.19) 0.13(0.17)  0.19(0.20)  0.19(0.21)
Age (years) 48.8 (14.3) 48.8 (14.2) 48.8 (14.3) 49.1(13.6) 49.5(13.7) 48.0(133) 58.6(12.2) 56.0(13.6)
Male 52.2% 52.2% 52.4% 50.7% 51.7% 48.6% 36.4% 37.0%
School education

<10 years 21.4% 21.5% 21.6% 23.6% 29.0% 10.0% 43.6% 43.5%

10 years 54.0% 54.1% 54.1% 54.2% 53.1% 56.7% 37.1% 40.6%

>10 years 24.6% 24.3% 24.3% 22.2% 17.9% 33.2% 19.3% 15.9%
Body mass index 27.56 27.56 27.55 27.42 27.54 27.16 27.58 27.82

(kg/m?) (4.86) (4.85) (4.85) (4.68) (4.77) (4.43) (4.84) (4.99)
Smoker status

Never 38.3% 38.1% 38.1% 41.3% 41.4% 41.2% 53.6% 48.6%

Former 33.7% 33.8% 33.7% 32.3% 30.7% 36.0% 25.0% 24.6%

Current 28.0% 28.1% 28.2% 26.4% 27.9% 22.8% 21.4% 26.8%

Alcohol (g/day) 10.17 10.21 10.23 10.52 11.15 8.95 6.21 6.33

(14.68) (14.73) (14.76) (15.10) (15.56) (14.01) (6.24) (5.76)

Menopausal women 21.5% 21.5% 21.4% 22.2% 21.7% 23.6% 51.4% 40.6%
Diabetes 8.5% 8.5% 8.4% 6.2% 7.6% 2.8% 10.7% 10.9%
HbA1c (%) 5.27 (0.77) 5.27(0.77) 5.27 (0.77) 5.25(0.72) 5.29(0.77) 517(0.58) 5.46(0.74) 5.43(0.81)
SHIP-START-1 40.8% 41.2% 41.3% 71.8% 100% 0% 100% 100%

Note: Data are presented as mean (SD) or percentages.

Abbreviations: BAP, bone-specific alkaline phosphatase; %BOP, proportion of sites bleeding on probing; CAL, clinical attachment loss; CTX, C-terminal
cross-linking telopeptide; FGF23, fibroblast growth factor 23; PINP, N-procollagen type 1 amino-terminal propeptide; PPD, pocket probing depth; %
PPD4, proportion of sites with PPD 24 mm; WNT5A, wingless-type mouse mammary tumour virus integration site family member 5a.

TABLE 2 Association between bone turnover markers (exposure) and periodontal markers (outcome)

Mean CAL Mean PPD %BOP %PPD4 %CAL4
PINP 1.027 [1.011-1.044] 1.008 [1.001-1.015] 1.039 [0.997-1.083] 0.995[0.951-1.040] 1.069 [1.013-1.128]
CTX 1.011 [0.994-1.029] 1.001 [0.994-1.009] 0.992[0.951-1.034] 1.023 [0.976-1.073] 0.960 [0.908-1.015]
Osteocalcin 1.008 [0.982-1.036] 1.001 [0.990-1.012] 0.973[0.911-1.039] 0.935 [0.869-1.006] 0.941 [0.86-1.029]
BAP 1.011 [0.981-1.043] 1.007 [0.995-1.019] 1.121 [1.042-1.205] 1.080 [1.005-1.161] 1.085 [0.990-1.189]
FGF23 1.015 [0.979-1.054] 1.001 [0.987-1.015] 0.986 [0.899-1.081] 0.981 [0.879-1.095] 1.075[0.950-1.217]
WNT5A 0.969 [0.867-1.087] 0.956 [0.920-0.993] 0.922 [0.726-1.171] 0.794 [0.642-0.982] 0.856 [0.659-1.112]
Sclerostin 1.010 [0.897-1.140] 1.024 [0.978-1.073] 1.308 [1.005-1.704] 1.143 [0.930-1.405] 0.811[0.563-1.17]

Note: BTM values in SDs. For CAL and PPD, a gamma regression adjusted for age, sex, school education, body mass index, smoking status, alcohol
consumption, and glycated haemoglobin was used. The continuous covariates were modelled as splines with three knots. For %BOP, %PPD4, and %CAL4,
a fractional logit response model adjusted for age, sex, school education, body mass index, smoking status, alcohol consumption, and glycated haemoglobin
was used. Coefficients reported as factor change (e#) (95% Cl).

Abbreviations: BAP, bone-specific alkaline phosphatase; %BOP, proportion of sites bleeding on probing; CAL, clinical attachment level; %CAL4, proportion
of sites with CAL 24 mm; Cl, confidence interval; CTX, C-terminal cross-linking telopeptide; FGF23, fibroblast growth factor 23; PANP, N-procollagen type
1 amino-terminal propeptide; PPD, pocket probing depth; %PPD4, proportion of sites with PPD 24 mm; WNT5A, wingless-type mouse mammary tumour
virus integration site family member 5a.

moderate to advanced chronic periodontitis (Payne et al., 2011). levels after adjusting for demographic variables (results that we could

Yoshihara et al. found inverse associations of the proportion of sites not verify even with an additional analysis of %PPDé6 as outcome, see

with PPD 24 mm, PPD 26 mm, and mean CAL with serum osteocalcin Table S8). The study of Payne et al. revealed an association between
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TABLE 3 Association between periodontal markers (exposure) and bone turnover markers (outcome)

FGF23 WNT5A Sclerostin

BAP

Osteocalcin

PINP

1.004 [0.991-1.017] 0.997 [0.985-1.009] 1.006 [0.994-1.018] 1.008 [0.975-1.042] 0.970[0.923-1.021] 0.997 [0.949-1.047]

1.009 [1.000-1.018]

Mean CAL (mm)
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Note: BTM values in SDs. For the BTMs, a gamma regression adjusted for age, sex, school education, body mass index, smoking status, alcohol, and glycated haemoglobin was used. The continuous covariates

were modelled as splines with three knots. Coefficients reported as factor change (e”) (95% Cl).

Abbreviations: BAP, bone-specific alkaline phosphatase; %BOP, proportion of bleeding on probing sites; CAL, clinical attachment loss; Cl, confidence interval; CTX, C-terminal cross-linking telopeptide; FGF23,
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fibroblast growth factor 23; PANP, N-procollagen type 1 amino-terminal propeptide; PPD, pocket probing depth; %PPD4, proportion of sites with PPD 24 mm; WNT5A, wingless-type mouse mammary tumour

virus integration site family member 5a.

2-year changes in serum osteocalcin and pyridinoline-crosslink frag-
ment of type | collagen and alveolar bone loss.

(Alveolar) Bone underlies dynamic constant remodelling processes
while providing mechanical support for various other tissues, including
the teeth. A homeostatic imbalance, with prevailing excessive bone
resorption, results in degenerative conditions (Rosen, 2000) and a
weakening of the bone structure, which is further associated with
both increased periodontal damage (Penoni et al., 2017) and altered
biomarkers (Biver et al., 2012). It is assumed that reduced bone min-
eral density—a consequence of prolonged bone loss (Hardy &
Cooper, 2009)— reduces the healing qualities of the bone (Wolfl
et al., 2014). Here, systemic BTMs can provide an early indication of
overall bone loss (Kotlarczyk et al., 2020) and might even predict
active periodontitis burden and progression (Payne et al., 2011).

Because periodontitis, which is associated with locally elevated
levels of BTMs (Obrant et al., 2005; Szulc, 2018), can alter compo-
nents of peripheral blood and blood plasma by affecting the bone
marrow (Loos, 2006), it allegedly also may affect serum BTM levels.
Periodontal infection causes thereby a change in haematopoiesis,
which leads to increased proliferation of osteoclast progenitor cells.
These progenitor cells can enter sites of active bone resorption via
the bloodstream, where they differentiate into mature osteoclasts
(Hajishengallis & Chavakis, 2021). It is important to note that an
increase in bone formation markers with concomitant net bone loss is
not necessarily a contradiction, as it may represent coupled compen-
satory mechanisms of the body for increased resorption. Increased
osteocalcin levels were, for example, observed in participants with
osteoporosis due to the coupling of formation and resorption
(Giannobile et al., 2003).

However, the reasons for an imbalance of bone remodelling are
manifold. Local or systemic diseases, lifestyle habits, and a variety of
further (external and internal) factors influence bone metabolism
through several pathways. Such (patho)-physiological mechanisms
alter BTM serum concentrations to varying degrees (Burch
et al., 2014). This leads to high inter- and intra-personal variability of
these metabolites, which was also observed in the present study.
BAP, for instance, had an interquartile range of 6.4 pg/L with a
median of 13.3 pg/L in our dataset. Next to this variability, BTMs are
formed by different cells and tissues (e.g., osteoclasts or osteoblasts,
see Figure S2) and are degraded at different rates. These conditions
presumably mask possible associations between BTMs and periodon-
titis and may also explain the different results between the individual
markers presented here and in previous studies.

In this context, our study—to the best of our knowledge, the larg-
est cross-sectional evaluation of this topic—could not confirm a clear
and robust association of BTMs with periodontal severity in general.
It is thus in line with previous cross-sectional research questioning the
usefulness of these markers for disease prediction and monitoring
(Funck-Brentano et al., 2011; Biver et al., 2012; Burch et al.,, 2014;
Eastell & Szulc, 2017). Previous studies that examined similar associa-
tions with periodontitis and reported stronger associations mostly
targeted a more specific population (e.g., older or female) had smaller

sample sizes or analysed fewer BTMs.
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Several limitations of our study warrant mention. First, owing to
the cross-sectional design, the study could not infer a temporal order-
ing of exposures and outcomes. Longitudinal measurements could
reveal possible hidden correlations, which are masked by the high
inter-personal variability of the serum metabolite levels. Moreover, all
recorded periodontal markers except CAL—the result of the cumula-
tive periodontal damage over time—reflect the current inflammatory
state and are accordingly variable as well (Demmer et al., 2008). Sec-
ond, periodontal examinations were performed according to a half-
mouth protocol, and BOP was recorded only on index teeth (first inci-
sors, canines, and first molars). Although this allows a good classifica-
tion of periodontitis severity, the absolute area of inflammation (and
correspondingly the bone surface affected by resorption) would be
more suitable to assess the systemic effects of periodontitis. The
approach used may lead to an underestimation of the inflammatory
surface (Nesse et al., 2008). Third, in contrast to the markers P1NP,
CTX, osteocalcin, and BAP, the markers FGF23, WNT5A, and
sclerostin were measured in smaller and selected subgroups. Espe-
cially for WNT5A and sclerostin, the representativeness of the study
results is thus limited. Fourth, because participation at follow-up
(SHIP-START-1) might be affected by attrition, the external validity of
the study population may be limited, although a corresponding sensi-
tivity analysis showed no substantial change in estimates. Fifth, blood
sampling was performed throughout the day (SHIP-START) or
throughout the mornings (SHIP-TREND). This might have negatively
impacted the comparability of serum levels, as diurnal fluctuations are
known for selected BTMs, in particular CTX. Sixth, there is limited
information on other interfering factors such as fasting time, diet,
recently contracted fractures, or extracted teeth, all of which modu-
late the BTM values (Eastell & Szulc, 2017). These fluctuations possi-
bly mask systemic effects.

Altogether, with the scattered associations found for PANP, BAP,
WNT5A, and sclerostin, our study suggests possible future research
approaches, whereas it tends to weaken the assumption of associa-
tions for CTX and osteocalcin. To strengthen possible results, the vari-
ability of BTMs should be addressed by a longitudinal study design.
Further research is needed, as bone markers are a potential key to

better assess the individual immune response in periodontitis.
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