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ABSTRACT
Autoantibodies against muscarinic and beta1-adrenergic receptors are considered a potential cause and/or risk
factor for chronic heart failure. Association of periodontitis with such autoantibodies and with impaired heart
function has been observed in patients exposed to endemic Chagas' disease, which triggers by itself
cardiomyopathy and receptor immunization.
Here we studied the association between periodontitis, markers of cardiac injury and receptor autoimmunization in periodontitis patients (n = 147) not exposed to Chagas' disease. The autoantibodies were
determined by IgG binding to native intact muscarinic and beta1-adrenergic receptors or to a cyclic peptide
mimicking the disease-relevant conformational autoepitope presented by the active beta1-adrenergic receptor.
Possible cardiac injury and inflammatory status were judged by serum levels of proBNP/Troponin I and CRP/IL6, respectively. These parameters were analysed in healthy and periodontally diseased individuals as well as
before and after periodontal therapy.
Patients with periodontitis had significantly (p < 0.001) higher levels of autoantibodies against M5-muscarinic
and beta1-adrenergic receptors, which further increased following periodontal therapy. Receptor
autoantibodies were associated with increased inflammatory status but not with increased markers of cardiac
injury. Thus, our data indicate that periodontitis triggers systemic inflammation, which is associated with
receptor autoimmunization, and, independently thereof, with cardiac injury.

INTRODUCTION
Periodontitis is a chronic inflammatory disease of the
tooth-supporting tissues that leads to tooth loss if left
untreated [1]. It is the sixth most common chronic
disease, affecting up to 50% of the global population
[2]. Oral dysbiosis, characterized by a microbial shift in
favour of bacterial pathogens, initiates and perpetuates
inflammatory and immunological dysregulations that
cause the breakdown of periodontal tissues. However,
these detrimental host responses are not only confined to
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the oral cavity but contribute to the pathogenesis of
several other systemic diseases and conditions, e.g.
diabetes, chronic kidney disease, obesity and cardiovascular diseases [3, 4].
Cardiovascular diseases (CVD) are the most common
non-communicable diseases worldwide [5]. Periodontitis and cardiovascular diseases share common risk
factors such as smoking and diabetes [6]. Moreover,
periodontitis is suggested as an independent risk factor
for CVD. In this regard, either direct effects, i.e. the
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invasion of periodontal bacteria into oral and non-oral
tissues (such as atheroma plaques), and indirect effects,
i.e. the increased production of inflammatory mediators
like interleukin-6 and C-reactive protein have been
found to contribute to the increased CVD risk in
periodontitis patients [6–11].
Chronic heart failure (CHF) affects over 26 million
people globally with an increasing prevalence [12].
Stimulatory autoantibodies against the adrenergic
beta1-receptor subtype (1AR-Aabs) and autoantibodies against muscarinic receptors (MR-Aabs) are
frequently found in patients with CHF [13].
Periodontitis patients were reported to frequently
exhibit circulating autoantibodies against the
adrenergic beta1-receptor subtype (β1AR) associated
with poorer cardiac function [14–16]. The presence of
these antibodies is generally considered a relevant risk
factor for CHF [17]. It is associated with poorer heart
function [18] and prognosis [19] in non-ischemic
chronic heart failure. Immunization against 1AR has
been demonstrated to cause CHF compatible with
human syndromes of non-ischemic chronic heart
failure [20]. The presence of these autoantibodies and
their cross-reactions with viral or bacterial proteins are
suspected causes of a potentially cardiopathogenic
autoimmunization. Furthermore, genetic predisposition, the immune and hormonal status, and a variety of
environmental factors are thought to contribute to that
autoimmune response [21]. However, the trigger
mechanism remains unclear [17].
Periodontal disease is a plausible candidate for
triggering autoimmunization against 1AR and
muscarinic receptors (MR). Along that road,
periodontitis could compromise heart function and
induce CHF [7–10]. However, data that correlate
periodontitis with a potentially cardiopathogenic autoimmunization against 1AR and MR are ambiguous.
Previous reports of an association of periodontitis with
high levels of 1AR and MR have been conducted in
the South of Argentina, where a high prevalence of
such autoimmunization is mainly attributed to the very
high prevalence of endemic Chagas' disease [22].
Therefore, it is necessary to investigate the possible
link between periodontitis, cardiac injury and autoimmunization against 1AR and muscarinic receptors
under conditions where the confounding impact of
endemic Chagas' disease can be excluded, i.e. a
population living in mid-Europe. In the present study
we follow up on this notion, assessing markers of
cardiac injury and markers of inflammation in
periodontitis patients and healthy controls and
determining the impact of periodontal therapy on
1AR-Aabs and M5R-Aabs levels in a European
population.
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RESULTS
Before periodontal therapy, periodontitis patients
exhibited statistically significant higher levels of 1ARAabs and M5R-Aabs than the healthy controls. Median
1AR-Aab levels as determined by IgG-binding to
intact native receptor were about twice as high in
patients not yet having undergone treatment (17.12 ±
10.02 Units/mL) as compared to healthy controls (8.22
± 5.13 Units/mL). This difference was highly
significant (p < 0.001), and could be confirmed by IgGbinding to a cyclic peptide representing the
conformational auto-epitope within the second extracellular loop of the receptor associated with the active
receptor conformation (Table 1). Recent evidence
indicates that autoimmunity to this epitope is causally
involved in the pathogenesis of dilated cardiomyopathy
[23]. The latter, more specific assay revealed three-fold
higher 1AR-Aab levels in patients not yet having
undergone treatment (6.34 ± 2.55 ng/mL) as compared
to healthy controls (2.31 ± 1.28 ng/mL) (p < 0.001).
Moreover, serum levels of 1AR-Aabs (as determined
by IgG-binding to the cyclopeptide) exhibited only a
marginal overlap between controls and patients (Figure
1, middle). Given the apparent superior discriminative
power of the cyclopeptide-assay, 1AR-Aab levels
derived from this assay were selected for subsequent
analyses (Table 2 and Figure 2). An even more
pronounced difference between healthy controls and
periodontitis patients was observed for the levels of
circulating M5R-Aab. Periodontitis patients presented
five-fold higher circulating M5R-Aab levels (24.14 ±
17.10 Units/mL) before periodontal therapy, compared
to corresponding levels in healthy controls (4.90 ± 3.04
Units/mL) (p < 0.001). The values of circulating M 5RAabs exhibited only a marginal overlap between
controls and patients (Figure 1, d left). It should also be
noted that in the patients, serum levels of M 5R-Aabs
and 1AR-Aabs were significantly correlated with each
other (Supplementary Figure 2).
In the next step, we examined the impact of periodontal
therapy on 1AR and M5R autoimmunization. For this
purpose, we compared within the periodontitis group
baseline levels of 1AR- and M5R-Aabs (pre-therapy
and on the day of therapy) with corresponding values
measured at each of the post-therapy follow-up visits.
Autoantibody levels did not significantly change from
pre-therapy to follow-up determinations at 8 and 17
weeks after therapy. However, at 30 weeks and more
after therapy, 1AR- and M5R-Aabs were significantly
(p < 0.001) increased by about 40% above pre-therapy
levels, and these increases remained stable until 112
weeks after therapy (Figure 2). It should be noted that
data from all patients, who left the study at any time
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Table 1. Baseline characteristics of periodontitis patients and healthy individuals.
Group Variables
proBNP (ng/l)
TpI (ng/l)
CRP (mg/dl)
IL-6 (ng/l)
1AR-Aab2 (U/ml)
1AR-Aab3 (ng/ml)
M5R-Aab2 (U/ml)
Gender (% female)
Age (years)

Periodontitis (n=146)
49.46 (± 63.07)
3.30 (± 2.16)
0.11 (± 0.22)
1.60 (± 1.11)
17.12 (± 10.02)
6.34 (± 2.55)
24.14 (± 17.10)
67.81
47 (± 16.11)

Healthy (n=60)
35.33 (± 46.56)
3.00 (± 0.00)
0.07(± 0.13)
1.50 (± 0.00)
8.22 (± 5.13)
2.31 (± 1.28)
4.90 (± 3.04)
66.7
28 (± 11.66)

P value1
= 0.002
< 0.001
= 0.160
< 0.001
< 0.001
< 0.001
< 0.001
> 0.99
<0.0014

Median values of non-normally distributed data (± interquartile range)
1
Significance of difference between groups
2
IgG-binding to intact receptor
3
IgG-binding to cyclopeptide representing the conformational auto-epitope within the second extracellular loop of the receptor
4
Poor age-match of control group inevitable due to age-associated prevalence of periodontitis

during post-therapy follow-up for undisclosed reasons
(N = 80) were excluded from the above longitudinal
analyses.
In the next step, we addressed the link between
periodontitis,
cardiac
injury
and
generalized
inflammation suggested by various studies, e.g. [24]. For
that purpose, we measured the serum-levels of cardiac
(proBNP, TpI) and inflammatory markers (CRP, IL-6)
and compared these values between healthy individuals
and periodontitis patients in pre-therapy samples.
Median values of cardiac markers were significantly
higher in the periodontitis group compared to the control
(see Table 1). Likewise, the periodontitis group showed
significantly higher serum levels of IL-6, while the CRP
levels did not differ significantly between the groups
(Table 1). In summary, these results confirm previous
studies [6–11, 25, 26]. In addition, we noticed that in
post-therapy follow up of periodontitis patients (5 weeks
and more) TpI increased (by 8.5%, p < 0.001). proBNP
exhibited a similar, albeit insignificant, trend to increase
during post-therapy follow. In contrast, the inflammation
markers exhibited a weak and insignificant trend to
decrease upon therapy (not shown).

Figure 1. Levels of circulating 1AR-Aabs and M5R-Aabs of
patients (before therapy) and controls. Left and Right:
Serum levels of 1AR-Aabs and M5R-Aabs were measured by IgGbinding to the respective native receptors (CellTrend GmbH).
Middle: 1AR-Aabs were determined by IgG-binding to a cyclic
peptide providing a valid representation of the presumed
pathogenic conformational auto-epitope within the second
extracellular loop of the receptor associated with the active
receptor conformation (indicated CP). ***: differences at p <
0.001 significance.
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Finally, we addressed the question whether cardiac
injury, generalized inflammation and autoimmunization
against 1AR and/or M5R were interrelated or at least
co-incident in the patients. To test this hypothesis, we
analyzed correlations between the levels of the cardiac
and inflammatory markers and the serum levels of
circulating 1AR-Aabs or M5R-Aabs. These data are
summarised in Table 2. 1AR-Aabs and M5R-Aabs
were significantly correlated with the level of
inflammation markers. Interestingly, this correlation
was much more pronounced during therapy follow-up.
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Table 2. Correlation between receptor autoantibodies, cardiac markers and inflammation markers in periodontitis
patients before and after therapy.
β1AR-Aab1
proBNP
TpI
CRP
IL-6

Pre-therapy
-.042
-.024
.192*
.140

Post-therapy
.041
.026
.223*
.280*

3

M5R-Aab2
Pre-therapy
Post-therapy3
-.027
.044
-,036
.035
.159
.195*
.074
.214*

Values given as correlation coefficients
*significance of correlation (p < 0.05)
1
IgG-binding to cyclopeptide representing the conformational auto-epitope within the second extracellular loop of the
receptor
2
IgG-binding to intact receptor
3
Five weeks or more, all follow ups summarized

In contrast, 1AR- and M5R-Aabs were not correlated
with the cardiac markers (neither before nor after
therapy). In summary these findings suggest that

receptor-autoimmunization is a by-product of the
inflammatory response to periodontitis (and the therapy
thereof), but not directly associated with the extent of
cardiac injury in these patients.

DISCUSSION

Figure 2. Response of 1AR- and M5R-Aabs to therapy.
Serum levels of 1AR-Aabs (white) were measured by IgGbinding to a cyclic peptide representing the presumed
pathogenic conformational auto-epitope within the
second extracellular loop of the receptor. M5R-Aabs (black)
were measured by IgG-binding to the native receptors
(CellTrend GmbH). Values obtained at 5 and 17 weeks after
therapy (early), 30 and 44 weeks after therapy (intermediate)
and 58 to 112 weeks after therapy (late) are normalized to pretherapeutic values (dotted line). Data of n=66 patients
undergoing complete follow up are given as median ±
interquartile range. *** indicate differences to pre-therapy
values at p < 0.001 significance.
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This study was carried out, in order to investigate the
impact of periodontitis and its treatment on the
prevalence of circulating of 1AR-Aab and to address
the possible involvement of these autoantibodies in
coincident cardiac injury. Autoantibodies against MR
were included in the study, given the involvement of
such autoantibodies in many autoimmune-diseases
including CHF (see below). We focused here on
autoantibodies against the M5-subtype, because among
all muscarinic receptor subtypes tested, M5Rautoantibodies exhibited the strongest association with
the decline of cardiac function in a cohort of postmyocarditis patients (unpublished results from a
prospective cohort study on etiology and titer-course of
cardiac autoantibodies and their effect on survival
(ETiCS-study) [27], mentioned with kind permission of
the study coordinator). Moreover, we observed in preexperiments that M5R-Aabs levels exhibited a clear
difference between periodontitis patients and healthy
controls.
Salient findings
We confirm previous reports [14–16] of an association
between periodontitis and circulating 1AR-Aabs. We
could exclude the suspected confounding impact of
endemic Chagas' disease on the previously mentioned
study. Beyond that, we observed that periodontitis is
also, and even more clearly, associated with increased
levels of M5R-Aabs. When drawing that conclusion, it
must, however, be taken into account that the control
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group was much younger, which is inevitable due to the
high prevalence of periodontitis in the elderly. Since
autoimmune status changes with age, it is difficult to
conclude that the higher levels of autoantibodies in the
patients are solely due the disease. Moreover, 1ARAabs and M5R-Aabs were highly coincident (i.e. were
increased in the same patients, see Supplementary
Figure 2) in the periodontitis patients of our cohort and
serum levels of both autoantibody species further
increased upon periodontal therapy. Our data support
previous reports of an association of periodontitis with
systemic inflammation and impaired cardiac function.
However, there is no indication that an enhanced
receptor-autoimmunity is linked to increases in serum
markers of cardiac injury, which is the case in other
etiologies of CVD. Thus, increased prevalence of 1ARAabs and in particular of M5R-Aabs could be a distinct
feature of periodontitis and periodontitis-associated
autoimmunization against these two receptors, which is
possibly boosted upon periodontal therapy. However,
these phenomena may not directly be associated with
increases in serum markers of cardiac injury inferring a
direct link to impaired cardiac function.
Possible links between periodontitis and receptor
autoimmunization
Chagas' disease is the model for cardio-pathogenic
receptor
autoimmunization.
In
this
disease
immunization against the ribosomal P2beta protein of T.
cruzi induces humoral autoimmunity against the 1AR,
and the 1AR-Aabs thus induced are the cause of CVD
occurring 10-20 after infection with T cruzi [28].
Interestingly, Chagas’ disease is only seen in the
western hemisphere. It still remains unclear what
triggers receptor-directed humoral autoimmune
responses in CVD unrelated to Chagas' disease [17]. It
has been suspected for a very long time that the trigger
could be bacterial or viral antigens [29]. On the other
hand, it is known that the invasive interventions in
periodontal therapy entail release of bacterial antigens
into the blood stream on a large scale [6]. Consequently,
it is tempting to speculate that such exposure of the
immune system to periodontal bacteria and increased
circulating proinflammatory markers could be the cause
of the high prevalence of autoimmunization against
1AR and M5R observed in periodontitis. The changes
in circulating levels of 1AR- and M5R-Aabs after
therapy seen here are in line with this notion, as serum
levels of receptor autoantibodies remained stable
immediately after therapy, but increased within several
weeks post-therapy, which is consistent with the typical
time window of immuniszation e.g. vaccination. Serum
levels of receptor autoantibodies were highest in the
intermediate observation window, in which follow-up
frequency (and associated re-exposure of the immune
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system to periodontal bacteria) was the highest
(every three months). The levels decreased again in the
late observation window when the follow-up frequency
was reduced to twice a year. In summary, these
observations indicate that repeated release of bacterial
antigens and the periodontitis-associated release of
inflammatory markers into the blood stream possibly
induce and maintain autoimmunization against 1AR
and M5R in periodontitis patients. This notion is also
supported by the apparent correlation between posttherapy levels of receptor autoantibodies and
inflammation markers.
Etiological implications of M5R-Aabs
Autoantibodies against muscarinic acetylcholine
receptors have been implied in many diseases.
Autoantibodies against the M2 subtype play a role in a
variety
of
cardiovascular
diseases
[30–39].
Autoantibodies against the M3-subtype are involved in
Sjögren's syndrome [40]. Autoantibodies against the
M3- and M4-subtypes cause the chronic fatigue
syndrome [41, 42]. Autoantibodies against the M5subtype have rarely been observed in the context of
diseases. The only published disease-associated
incidence of M5R-Aabs has been reported from a small
subgroup of female patients suffering from postural
orthostatic tachycardia syndrome. These patients also
exhibited increased levels of autoantibodies against all
other MR-subtypes and various adrenergic receptors
[43]. Interestingly, in an ongoing prospective cohort
study on titer-course of cardiac autoantibodies and
their effect on survival (ETiCS-study) [27], which
included analysis of autoantibodies against all MR
subtypes, the M5R-autoantibodies exhibited the
strongest association with decline of cardiac function
(unpublished results mentioned with kind permission of
the study coordinator). The M5R plays a crucial role in
cholinergic dilation of the microcirculation most
notably of the cerebrum [44, 45]. In mice, loss of this
receptor leads to cognitive deficits [46]. If periodontitisassociated autoantibodies had the potency to inhibit or
stimulate the M5R (yet to be confirmed), one of their
most probable biological effect would be an
interference with the regulation of cerebral
microcirculation. Interestingly, autoantibodies against
various other regulatory receptors of cerebral microcirculation have been implicated in the pathogenesis of
Alzheimer's disease and vascular dementia in humans
[47]. Moreover, large population-based association
studies suggest a link between periodontitis and
dementia [48]. Thus, M5R-Aabs could provide a
mechanistic link between periodontitis and the
associated risk of vascular dementia, therefore it may be
of high value to follow up on this marker in future
population-based studies.
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Etiological implications of 1AR-Aabs
The potential of 1AR-Aabs to cause or promote
cardiovascular pathogenesis is firmly established by the
Chagas' disease paradigm, as well as animal models of
passive and active immunization and clinical therapy
trials of removal and/or neutralization of these
autoantibodies [17]. A variety of mechanisms have been
demonstrated by which 1AR-Aabs can possibly harm
the cardiovascular system [49]. Current belief holds
that the common denominator of cardiotoxicity of
1AR-Aabs is the stabilization of an active conformation of the 1AR-molecule, entailing a chronic
stimulation and/or hyper-sensitization of 1-adrenergic
signal transduction in the heart [50] and related target
tissues [49].
In the present study, we investigate another example of
an epidemiological association between cardiac injury
(evidenced by an increase in serum proBNP) and
increased serum levels of 1AR-Aabs. The increased
levels of 1AR-Aabs levels detected in case of
periodontitis plausibly belong to the cardio-noxious
variety, because 1AR-Aabs bind to a cyclic peptide,
which was recently demonstrated to mimic the
conformational epitope related to the active
conformation of the receptor molecule, which
constitutes the cardio-pathogenic autoepitope [23].
Nevertheless, our data do not support the conclusion
that these autoantibodies are indeed the cause of the
observed increases in cardiac markers (indicating
cardiac injury and inferring impaired cardiac function in
the periodontitis patients), because increased circulating
levels of 1AR-Aabs (reacting with the presumed
cardio-pathogenic autoepitope) in the periodontitis
group were not correlated to increased levels of cardiac
markers. Interestingly, this lack of correlation was also
observed following therapy although median levels of
both cardiac markers and 1AR-Aabs increased upon
therapy. Thus, it seems plausible to assume that
receptor-autoimmunization and cardiac injury are
independent consequences of enhanced inflammation.
One must also take into consideration that age
distribution in the periodontitis group was much higher
than in the control group. Therefore, the poorer
cardiovascular function apparent in the patients may at
least in part be due to age-related risk factors [8, 51].
Practical conclusions
Currently, monitoring of periodontitis relies mostly on
the mechanical probing of dental pockets, followed by
mechanical debridement of the intraoral hard and soft
tissues. The association between periodontitis and
CVD, that is evidenced by multiple studies [6–11] and
supported here by the observation of associated
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increases in serum markers of cardiac injury, is to our
knowledge only sparsely monitored or even
considered in routine dental healthcare. Conversely,
monitoring of cardiac function in the elderly does not
stringently include surveillance of the periodontal
status. Several studies suggest that screening and
therapy of periodontitis and cardiac function should
be coordinated in the elderly [6–11, 25, 26]. The data
presented here confirm this notion. We suggest that
coordinated surveillance of CVD and periodontitis
could inter alia be achieved by introducing
determinations of serum proBNP into standard dental
healthcare. Conversely, M5R-Aabs could provide a
distinct serological marker of periodontitis, which in
clinical settings not encompassing dental care
possibly would allow for a preliminary stratification
of periodontitis risk. Most notably, it should be
considered to evaluate M5R-Aabs as a possible marker
for the risk of vascular dementia in the context of
periodontitis.

MATERIALS AND METHODS
Study participants
Study subjects were recruited from a prospective cohort
study that included 147 initially untreated periodontitis
patients at University of Münster, Germany.
Periodontitis was diagnosed using case definitions in
population-based studies [52] in accordance with the
previously used 1999 Workshop classification [53]. 60
systemically and periodontally healthy individuals were
recruited as controls at University of Düsseldorf.
Absence of periodontitis was determined by probing
pocket depths ≤ 2mm.
The study was performed in accordance with the
Declaration of Helsinki and was approved by the
Institutional Review Boards of University of Münster
(IRB approval Nr. 1VBei) and University of Düsseldorf
(IRB approval Nr. 3786). All participants have given
their written consent to participate, were residents in
Germany and none of them had a history of Chagas'
disease and/or lived for the past 20 years in areas, where
Chagas' disease is endemic. Exclusion criteria included
the use of systemic antibiotics within six months prior
to study enrolment, requirement of antibiotic
prophylaxis, history of endocarditis, bleeding disorders,
history of organ transplantation, dialysis, pregnancy and
lactation.
Study design and sampling
The healthy group was subjected to a one-time
supragingival debridement and blood sample collection
at the time of recruitment. Periodontitis group also
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received supragingival debridement at the time of
recruitment- Supragingival debridement was followed
with non-surgical periodontal therapy after 6-8 weeks.
Non-surgical periodontal therapy consisted of supraand subgingival debridement of oral hard and soft
tissues, and adjunctive antimicrobial therapy with 0.2%
chlorhexidin-containing mouthrinse used three times
daily for 10 days. Surgical periodontal therapy and
tooth extractions were performed 10-14 weeks after
non-surgical periodontal therapy. The periodontitis
group was followed up for a total period of two years
after non-surgical therapy. The follow-up was done
every 3 months during the first year and every 6 months
during the second year. Follow-up examinations
comprised of a comprehensive oral examination,
supportive periodontal therapy (supra- und subgingival
debridement) and blood sample collection. Baseline
values of periodontitis group were derived from two
samplings carried out at 2 weeks before non-surgical
periodontal therapy (hereafter referred to as pretherapy) and on the day of non-surgical periodontal
therapy (referred to as therapy). Data of early therapy
responses were collected from two samplings carried
out 5 and 17 weeks after therapy. Intermediate
responses were derived from two subsequent samplings
30 and 44 weeks after therapy. Late responses were
summarised from subsequent samplings at 58 to 112
weeks after therapy. A total of 50 ml venous blood was
collected from each participant by antecubital vein
puncture at each visit.
Laboratory tests
Pre-analytical handling of blood samples and
determination of established parameters of generalized
inflammation (CRP and IL-6), myocardial ischemia
(TpI), and cardiac wall tension (proBNP) in sera
followed routine diagnostic procedures accredited
according to DIN EN ISO 15689. 1AR-Aabs, and
autoantibodies against the muscarinic acetylcholine
receptor M5 (M5R-Aabs), were measured with
commercially available ELISAs (CellTrend GmbH,
Luckenwalde, Germany) according to the instructions of
the manufacturer. Both these assays provide native
receptors presented in their physiological membrane
environment as immunogenic targets for IgG binding. In
addition, 1AR-Aabs were determined by IgG-binding to
a cyclic peptide providing a valid representation of the
conformational epitope within the second extracellular
loop of the receptor associated with the active receptor
conformation. It has been demonstrated that preabsorption with this peptide neutralises the cardiopathogenic potency of stimulatory receptor antibodies in
mice [23]. The cyclic peptide was coated onto microtiter
plates by established procedures and these plates were
processed in a similar manner as the above commercial
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assays. The two assays for 1AR-Aabs exhibited a
reasonable correlation (Suppl. Figure 1) with just a few
extreme outliers, which, most probably, are due to the
presence of 1AR-Aabs not directed against the second
extracellular loop of the receptor.
Statistical methods
All data analyses were performed using IBM SPSS
Statistics 26.0 software (IBM Corp. Released 2019.
IBM SPSS Statistics for Windows, Version 26.0.
Armonk, NY: IBM Corp.). Normal distribution was
tested by the method of Shapiro-Wilk. Median values
and interquartile range (median ± IQR) are stated, when
parameters
exhibited
non-normal
distribution.
Otherwise mean values and standard deviation (mean ±
SD) are stated. The Mann-Whitney-U test was used to
analyze differences between baseline values of
periodontitis patients (before therapy) and controls.
Friedman's test was used to detect an influence of
periodontal therapy on 1AR and M5R autoimmunization and post-hoc tests with Bonferroni
correction were carried out to determine which therapy
time points differed significantly. Wilcoxon's signed
rank-test was used for longitudinal analyses of the
patient group before and after therapy. Spearman’s
correlation was performed to compare methods and
assess parameter correlations at pre- and post-therapy
within the periodontitis group. Bivariate comparisons
were performed to avoid increased type II error
probability arising from multiple comparisons with
adjusted p values. All tests were performed with the
standard 0.05 level of statistical significance.

Abbreviations
1AR: adrenergic beta1-receptor subtype; 1AR-Aab:
autoantibody against the adrenergic beta1-receptor
subtype; CHF: chronic heart failure; CRP: C-reactive
protein ; CVD: cardiovascular disease; ELISA: enzyme
linked immune assay; IL-6: interleukin 6 ; M5R:
muscarinic acetylcholine receptor, subtype M5; M5RAab: autoantibody against muscarinic acetylcholine
receptor M5 ; proBNP: brain natriuretic peptides; TpI:
Troponin I.
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SUPPLEMENTARY MATERIALS
Supplementary Figures

Supplementary Figure 1. Comparison of β1AR-Aabs measured by IgG-binding to the native intact receptor (CellTrend GmbH)
or to a cyclic peptide providing a valid representation of the presumed pathogenic conformational auto-epitope within the
second extracellular loop of the receptor associated with the active receptor conformation [23].

Supplementary Figure 2. Comparison of serum levels of β1AR-Aabs and M5R-Aabs in periodontitis patients. Both
autoantibodies were measured by IgG-binding to the native intact receptor (CellTrend GmbH).
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