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Abstract: Background: Contemporary neurobiology, periodontal medicine, and immunology are now
focusing on the relationship between chronic periodontitis and systemic diseases, which also include
Alzheimer’s disease (AD). However a causative relationship between dementia and periodontitis has yet
to be confirmed.

Objective: The aim of the study was to determine whether periodontal health status and cognitive abili-
ties are correlated with the relative changes in systemic measures of pro- and anti-inflammatory cytoki-
nes as a reflection of systemic inflammation. We hypothesized that poor periodontal health status may
be associated with cognitive impairment and dementia via the exacerbation of systemic inflammation.

ARTICLE HISTORY Methods: Based on the periodontal and psychiatric examinations and the cytokine levels produced by
unstimulated and LPS-stimulated PBL isolated from 128 participants, we have examined if the coexist-
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Revised: February 28, 2017 ing of these two clinically described conditions may have influence on the systemic inflammation. Mini-
Accepted: March 11, 2017 Mental State Examination (MMSE) and Bleeding on Probing (BoP) test results were combined into the
DoI: one mathematical function U, which determines the severity of specific condition, called Cognitive and
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periodontal impairment state. Similarly, the levels of cytokines were combined into the one mathemati-

cal function ¥, whose value determines the level of Inflammatory state. The correlation between U and
V was determined.

Results: These results confirm that the presence of cognitive decline and the additional source of pro-
inflammatory mediators, like periodontal health problems, aggravate the systemic inflammation.

Conclusion: 1t is most likely that the comorbidity of these two disorders may deepen the cognitive im-
pairment, and neurodegenerative lesions and advance to dementia and AD.

Keywords: Cognitive impairment, periodontal disease, dementia, systemic inflammation, cytokines, Alzheimer’s disease.

1. INTRODUCTION early neuronal loss and associated with multiple risk factors.
It is the most common type of dementia (50 to 75 % of
cases) in elderly above 60 years old and it represents one of
the main socio-health problems in almost every country in
the world [2-4]. Among the most important AD risk factors,
age, sex, and genetic abnormalities are non-modifiable.
There is no effective approaches that can slow, stop or re-
verse the AD process, therefore the identification of altered
risk factors is important to prevent AD. The increasing stud-
ies suggest that gingivitis and periodontitis may be the modi-
fiable risk factors of AD [5]. In elderly, periodontitis is
common because of reduced ability to take care of oral hy-
giene, which can stimulate recurrent chronic oral infection
[6, 7]. The correlation between periodontitis and the preva-

A possible link between cognitive impairment and de-
mentia, and systemic inflammatory diseases like periodonti-
tis are postulated and investigated from over decade. Demen-
tias are a set of multi-etiologic brain disorders characterized
by the acquired behavioral and cognitive deficits. It primar-
ily affects the elderly, but unfortunately neurodegenerative
changes can commence at any age. Dementia has many ori-
gins, among which Alzheimer’s disease (AD) is the major
cause. AD is multifactorial disease, concerned as systemic
diseases, because of affect both central nervous system
(CNS) and systemic processes [1]. AD is characterized by
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One of the most important features of AD neuropathol-
ogy is neuroinflammation, an inflammatory process pending
in the brain, which can be enhanced by systemic inflamma-
tion. B-amyloid (AP) plagues and tau neurofibrillary tangles
are associated with initiation of the immune response in the
brain tissue [10, 11]. The key mediators of activation and
maintaining the inflammatory processes, are cytokines pro-
duced by glia cells and leukocytes infiltrating the brain from
periphery. Inflammation and pro-inflammatory mediators,
blood vessel damage, and oxidative stress have been found
to be capable of inducing neurodegeneration, resulting in
neuronal loss and brain injury [10, 12-14]. A number of re-
ports indicating elevated levels of pro-inflammatory cytoki-
nes, like TNF-a, IL-10/B, IL-6 or IL-8 in the brains, blood
and cerebrospinal fluid (CSF) of AD patients [15-17]. In the
brain, inflammation may be caused by a local central nerv-
ous system insult and/or by peripheral infections. Currently,
it is postulated that infections elsewhere in the body might
aggravate inflammatory processes in the brain. Among the
microorganisms suspected in AD, human herpesvirus type 1
(HHV-1), but also Candida species and several non-oral and
oral bacteria are intensively investigated [18-20]. Periodonti-
tis is a peripheral chronic infection caused by certain oral
pathogens, that elicits a significant systemic inflammatory
response [21]. The bacterial antigens from the biofilm that
cover the surface of the oral mucosa affect the processes
responsible for the local tolerance and immune and systemic
response. Thus, periodontal disease may be an important
source of systemic inflammatory molecules [22, 23]. TNF-a,
IL-1B, IL-6, IL-8 and IL-10 are associated with the inflam-
matory process induced by LPS of periodontal microorgan-
isms, present in the oral cavity or infiltrating into the blood
[24, 25]. Moreover, as it is suggested, LPS can access the
AD brain during life and elevated antibodies of periodontal
pathogens have been found in AD patients as well as in
chronic periodontitis patients [19, 24, 26]. It is postulated
that the pro-inflammatory mediators have an effect on local
inflammatory processes, but also support systemic inflam-
mation in distant organs. Moreover, it is known that systemic
inflammation and chronic exposure to pro-inflammatory
mediators may exacerbate the neurodegenerative environ-
ment by stimulation of the production of amyloid-f (Ap) and
tau protein [17, 27, 28]. These findings became the basis of
the hypothesis that clinical periodontitis is associated with
incidence and progression of AD [27].

Recently it was reported that there is an association be-
tween oral health status and cognitive decline in AD [29],
and there are suggestions that chronic oral infection pro-
motes inflammation, which can add to the inflammatory pool
by contributing several pro-inflammatory mediators, and
lead to confusion and dementia [19, 30]. However there is
still not enough convincing data about the relationship be-
tween periodontal and cognitive impairment and systemic
inflammation. The study objective is to determine whether
periodontal health status and cognitive abilities are correlated
with the relative changes in systemic measures of pro- and
anti-inflammatory cytokines as a reflection of systemic in-
flammation. We hypothesized that poor periodontal health
status may be associated with cognitive impairment and de-
mentia via the exacerbation of systemic inflammation.
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2. MATERIALS AND METHODS
2.1. Participants

The study comprised of 128 participants (83 females, 45
males) aged 55-90 years. Participants include: patients under
the care of Department of Periodontology of the Wroclaw
Medical University and Department of Psychiatry of the
Wroclaw Medical University in Wroclaw, Poland and Alz-
heimer’s Disease Center in Scinawa near Wroclaw and vol-
unteers recruited from Medical University hospital crew,
IIET PAS and Medical University employee and from their
families.

2.2. Periodontal Examination

The periodontal examination of all the subjects was
manually performed with a mirror and University of North
Carolina (UNC)-15 periodontal probe (Hu Friedy, Chicago,
IL, USA) by a single researcher (A.S-J). Number of teeth
and measures of probing depth in mm (PD), clinical attach-
ment level in mm (CAL), and gingival inflammation meas-
ured as bleeding on probing (yes/no) (BoP) and oral hygiene
status by approximal plaque index (API) were recorded at 6
sites (at the disto-, mid-, and mesio-buccal as well as the
lingual positions) on all teeth except the third molars. The
clinical diagnosis of moderate and severe periodontitis was
based on Page & Eke classification [31]. All the participants
did not receive treatment for periodontal disease in the past 6
months.

2.3. Psychiatric Examination

The baseline examination included psychiatric and neu-
rological examinations, as well as laboratory tests, electroen-
cephalographic examinations (EEG) and computer tomogra-
phy (CT) or MRI structural studies. Mini-mental State Ex-
amination (MMSE) was used for the screening of dementia.
All patients enrolled in the study met DSM-V and NINCDA-
ADRDA criteria for probable AD dementia. The exclusion
criteria for all evaluated subjects were severe head injury,
headache, street drug or oral steroid use, current alcohol
abuse or dependence, loss of 25% of the weight in the past
year. Subjects with cerebral vascular damage or vascular risk
factors were also excluded from the study. The additional
exclusion criterion was any history of major psychiatric or
central nervous system illness. Patients were excluded if they
did not agree to respond to the test questions and/or if they
had life-threatening diseases other than AD.

2.4. Standard Protocol Approval

These studies have been approved by the Bioethics
Committee of the Wroclaw Medical University (approval
number 350/2013) with written informed consent from all
subjects. All subjects gave written informed consent in ac-
cordance with the Declaration of Helsinki.

2.5. Isolation of Peripheral Blood Leukocytes (PBL)

PBL from participants included into the study were iso-
lated as previously described [32].
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2.6. PBL Culture and Stimulation

Freshly isolated PBL (ex vivo) were divided into two
parts. One part of the PBL (2x10° cells mL™") was suspended
in PRMI medium with 2% of fetal bovine serum (FBS) and
incubated 24 h at 37 °C/ 5% CO, (unstimulated leukocytes).
The second part of the PBL (2x10° cells mL™") was sus-
pended in PRMI medium with 2% FBS and stimulated with
1 pg mL" of LPS (Sigma, Poland). Next cells were incu-
bated 24 h at 37 °C/ 5% CO,. Samples of medium above the
PBL were collected after 24h of incubation and stored at -80
°C for cytokines determination.

2.7. Cytokine Assay

Cytokine levels were determined in the supernatants us-
ing ELISA kits (Biomedical Laboratories, USA; BD Bio-
sciences, USA) for human IL-1f, IL-6, IL-10, TNF-a ac-
cording to the producers' instructions. The optical density
was measured at 450 nm using a Multiskan RC spectropho-
tometric reader (Thermo Labsystems, USA). Cytokine con-
centrations were expressed in pg/ml.

2.8. Statistical Methods

Let M, be a score of the MMSE test for i —zh person
and let P be a result of the periodontal BoP test for the
same person. Similarly, let Cl.j be a concentration of the
j—th cytokine measured in i—th person, j=1,2,3,4
and i=1,2,...,128.
2" =(M,,P,M,xP)' codes a cognitive and periodontal
status of the i—thperson, where variable A, x P reflects

Three-element random  vector

interaction between cognitive and periodontal results. Simi-
larly, vector Z® =(C,,? ,)" codes concentrations of four

investigated cytokines, where ? , is a vector of six interac-

tions between all pairs of four cytokines in the vector C,.

Let’s introduce a linear function
U=a""Z" =B, M+ B,P+pB,, ,MxP and let’s call it
Cognitive and periodontal impairment state. Similarly, let’s
introduce a linear function V' =4@'Z® and let’s call it In-
flammatory state. The main task is to summarize the associa-
tion between Cognitive and periodontal impairment state
and Inflammatory state. To do this we find coefficient vec-
tors 4" and 4'® such that Pearson’s linear correlation be-
tween U and V is as large as possible. Mentioned associa-
tions are described by coefficients 4" and 4® as well as by

Pearson’s linear correlations, R between U and every

Pearson's
variable in Z'" (i.e. MMSE score and BoP score) and be-
tween V and every variable in Z® . Additionally, percent of
observed variability among U, which is explained by vari-
ability among V, is computed, and vice-versa. Strength of
relation between Cognitive and periodontal impairment state
and Inflammatory state is measured with Pearson’s correla-
tion coefficient, *R . Chi-square test y?;_5 is used to

Pearson's
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test hypothesis / : *R =( opposite to H, :*R . %0
with o = 0.05. All variables (MMSE, BoP, cytokine levels)
are standardized to mean = 0, variance = 1, and additionally
are adjusted to age and sex of investigated persons, to re-
move eventual influence of these concomitant variables.
Standardization of the investigated variables automatically
implicates standardized scales of the Cognitive and perio-
dontal impairment state and Inflammatory state.

Pearson's

Data presented in Table 1 were summarized with
positional statistics: first (Q1), second (median) and third

quartile (Q3) as well as with variability coefficient

W =(03-01)/(03+01)x100%.
cytokine levels, C, > and score results of both MMSE and

Relationship  between

BoP test was summarized, at first, by conditional averages
given the test’s result, i.e. conditional average level of

j —thcytokine is E(Cj | M,,, < MMSE < M<z>) and

E(Cj |P,, < BoP < P(z)) , tespectively, where M, , M,

P(l) s P(z) are limits of intervals in Tables 2 and 3. To show

these relationships more understandable (Fig. 1) respective
curves were fitted to the obtained points.

3. RESULTS

3.1. Summary Characteristics of the Parameters Ana-
lyzed in the Study

Table 1 contains characteristics of the parameters inves-
tigated in this study. It was shown that the median of age is
Med =70 years, 75% of cases were older then Ol =61

years, 25% of cases were older than Q3=77 years. Simi-

larly, the average level of TNF produced by unstimulated
PBL was Med = 62 pg/ml, in 75% of cases TNF level was
higher than Q1 =22 pg/ml, and 25 % of cases were higher

than 03 =175pg/ml. The average level of TNF produced by

LPS-induced PBL was Med =962 pg/ml, in 75% of cases
TNF level was higher than Q1=572pg/ml, and 25 % of

cases were higher than 03 =1618pg/ml. Characteristics of

the remaining parameters similarly as above. All participants
were brought under thorough periodontal and psychiatric
examination, and for our studies BoP and MMSE results
were chosen. BoP is an indicator of gingival inflammation
and is effective in monitoring of periodontal disease (33). It
does not allow for diversity between periodontitis and gingi-
vitis, but in our study participants with diagnosed periodonti-
tis (according to CAL and PD, see Materials and methods)
and not only gingivitis were included. MMSE were used as a
standard test for screening of cognitive impairment and de-
mentia.

3.2. Cytokine Profile and Clinical Parameters

Firstly, we have investigated if the level of the cytokines
IL-1B, IL-6, IL-10 and TNF-a, as a marker of systemic in-
flammation, is associated with periodontal health status and
cognitive impairment. For this purpose PBL from blood
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Table 1. Sample size parameters.
Variable Q1 Median Q3 W [%]

Age 61 70 77 11.6
MMSE 18 22 28 21.7

BoP 348 51.2 67.6 32.0

TNF 22 62 175 77.6
LPS-induced TNF 572 962 1618 47.7
IL-6 2074 4693 10618 67.3
LPS-induced IL-6 22227 31077 43452 323
IL-10 28 67 158 69.7
LPS-induced IL-10 894 1314 1932 36.7
IL-1 90 182 369 60.7
LPS-induced IL-1 1280 2008 3149 422

QI, Q3 - 1" and 3" quartile (25%, 75%), respectively;
W - variability coefficient; lower W — lower variability.

Table2. The conditional averages of cytokines levels, given that the BoP test results take a value from particular interval. Original
concentrations are presented in pg/ml, as well as relative concentrations, with minimal concentrations as a baselines
(minimal concentrations taken as 1).

BoP Score Interval [%]
Cytokine
0-20 20-40 40-60 60-80 80-100
pg/ml 29% 55 67 69 69
TNF
Relative** 1* 1.9 231 2.38 2.38
pg/ml 3162 4686 5085 5432 5516
IL-6
Relative 1 1.48 1.61 1.72 1.74
pg/ml 50 53 63 77 92
IL-10
Relative 1 1.06 1.26 1.54 1.84
pg/ml 101 161 222 251 251
IL-1
Relative 1 1.59 2.2 2.49 2.49

* Minimal concentration taken as baseline.
** Relative = concentration/minimal concentration.

samples from 128 participants were isolated. After 24-hour
incubation, supernatants above PBL for cytokine determina-
tion were collected.

In Table 2 we showed the averages of cytokine levels
among participants divided into five groups, 0-20; 20-40; 40-
60; 60-80 and 80-100, based on the result of the BoP test.
The average level of TNF-a produced by PBL from partici-
pants with no more than 20 % of BoP score, [0-20], was
29pg/ml. Similarly, the average level of TNF-a in the

group [80-100] was 69pg/ml. The concentrations of the

investigated cytokines were produced by the PBL ex vivo in
different orders of magnitude, so to better understand their

dynamic and to show the kinetics of all cytokines on the one
graph, relative concentrations were calculated. As baseline,
minimal concentrations of every cytokine were taken. For
example, relative concentration of TNF in the BoP score
group [20-40] was S5pg/ml —1.9 (concentration 29pg/ml
29 pg/ml
was taken as the baseline in this group). The analysis of the
results presented in (Table 2) shows, that there is a positive
relation between BoP score and average level of the investi-
gated cytokines IL-1f, I1-6, IL-10 and TNF-a. The average
concentration of TNF-a in the group [80-100] is 2.38 times
higher than the average concentration in the baseline group
[0-20]. Characteristics of the relationship of remaining cyto-
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Table3. The conditional averages of cytokines levels given that the MMSE test results take a value from particular interval. Origi-
nal concentrations are presented in pg/ml, as well as relative concentrations, with minimal concentrations as a baselines
(minimal concentrations taken as 1).

MMSE Score Interval
Cytokine
10-14 15-19 20-24 25-30
pg/ml 95 64 47 43%*
TNF
Relative** 2.21 1.49 1.09 1*
pg/ml 5319 4793 4424 3522
1L-6
Relative 1.51 1.36 1.26 1
pg/ml 90 69 60 49
IL-10
Relative 1.84 1.41 1.22 1
pg/ml 71 65 64 53
1L-1
Relative 1.34 1.23 1.21 1

* Minimal concentration taken as baseline.
** Relative = concentration/minimal concentration.
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Fig. (1). Association between the averages of cytokines levels and clinical parameters BoP score (A) and MMSE score (B).
Average concentrations are presented in relative scales, with minimal concentrations as a baselines (minimal concentrations taken as 1). Data
presented in Table 1 and Table 2. The conditional averages of cytokines levels (points). Fitted curves were included (lines).

kines and BoP test show similar results as above. In Table 3 30, based on the result of the MMSE test. Characteristics of
we showed the averages of cytokines levels among partici- the relationship of investigated cytokines levels and MMSE
pants divided into four groups, 0-14; 15-19; 20-24, and 25- test show results same as above.



Association between Periodontal Health Status and Cognitive Abilities

Summarizing, the average level of every investigated cy-
tokine, produced by unstimulated PBL ex vivo, raised with
the increase in BoP test, what is connected with worse perio-
dontal health status, and with fall in MMSE test, what is cor-
related with cognitive decline and dementia. Fig. (1) presents
the relative concentrations of investigated cytokines, pre-
sented in the Table 2 and Table 3, points with fitted curves
(lines). Obtained results were good starting points for in-
depth analysis of this research problem, when we take into
consideration all cytokines together, with an interaction be-
tween them, and examine the relationship between inflam-
matory state and cognitive and periodontal impairment.

3.3. Relationship between Cognitive and Periodontal Im-
pairment and Systemic Inflammation

Next, we have attempted to explain if periodontal and
cognitive impairment contribute to the increase in systemic
inflammation, and, if the presence of these two disorders is
connected with higher inflammatory state compared to the
presence of only one of these conditions. For this purpose
MMSE and BoP test results were treated as one specific
condition, that we called Cognitive and periodontal impair-
ment state. Both scores were included into the single func-
tion, to better describe the clinical state of every investigated
participant. This state was next compared to the Inflamma-
tory state, measured by the levels of cytokines IL-1p, IL-6,
IL-10 and TNF-a, produced by unstimulated and LPS-
stimulated PBL.

Table 4 presents all the results including cytokine levels
from unstimulated PBL. It is shown that §, =0.57 . Scores

of BoP are standardized, so it means, that if BoP score in-
creases by one standard deviation from the mean, the Cogni-
tive and periodontal impairment state, measured as function
U, increases by 0.57 units. Similarly, coefficient for MMSE
score f3, =—0.51. It means, that when MMSE score de-

creases by one standard deviation, Cognitive and periodontal
impairment state increases by 0.51 units. This is comprehen-
sible, because less MMSE points mark on the cognitive de-
cline. Moreover, it is investigated, that there is influential
interaction between this two measurements. Coefficient for
interaction between MMSE and BoP scores is 3, , =0.51.

It simplifies, that the Cognitive and periodontal state cannot
be correlated with Inflammatory state as a simple sum of the
MMSE and BoP results. Beta coefficients 8 describe rela-

tive effect of every of two variable, i.e. taking into consid-
eration the second measurement. To better understand the
relation between MMSE score, BoP score and Cognitive and
periodontal impairment state (see Statistical methods) corre-
lation coefficients between MMSE and U as well as between
BoP and U are presented in Table 4. We can see, that corre-
lation between BoP score and Cognitive and periodontal
impairment state is R = 0.61. It means, that the higher

Pearson's
the BoP score the higher Cognitive and periodontal impair-
ment state. Similarly, the lower the MMSE score the higher
the Cognitive and periodontal impairment state. In Table 4 it
is presented that about 10% (9.7% exactly) of all variability
observed in Cognitive and periodontal impairment state can
be explained by the Inflammatory state, i.e. by the levels of
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investigated cytokines. The effect is not strong, but taking
into consideration the nature of the investigated problem,
this effect is substantial. Based on 95% confidence interval,
CI95% (5.4, 17.6), we conclude, that the possibility cannot
be excluded, that in general population almost 17% of the
observed variability of the Cognitive and periodontal im-
pairment state can be explained by Inflammatory state.

The relative effects of the cytokines levels, described by
the coefficients B, on the Inflammatory state have been

shown. Coefficient for TNF-a is B =033, which means

that when TNF-o increases by one standard deviation from
the mean level, the Inflammatory state increases by 0.33
units. But the coefficients for interaction effects between
TNF-a and the three other interleukins, IL-1f, IL-6 and IL-
10, are negative. It has been shown, that TNF-a effect on the
Inflammatory state is modified by other investigated cytoki-
nes (and vice versa). Similarly, the higher level of IL-10 and
IL-1B8 means the higher Inflammatory state. Both B, =~ and

B,,_, are positive as well as coefficient for the interaction

between these cytokines B =0-8. This relatively high
interaction effect simplifies that /nflammatory state cannot
be described as a sum of IL-10 and IL-1f single effects.
Their common effect, in relation to Inflammatory state, is
substantial, and stronger than a sum of their single effects.
Similarly, the effect of interaction is observed for IL-1 § and
IL-6. Negative 8 for some interactions show, that the rela-
tions between cytokines levels and Inflammatory state are
not additive, i.e., relation of one cytokine with /nflammatory
state depends on the level of the other cytokines. Generally,
to better understand discussed relations the simple Pearson’s
correlation coefficients between the levels of every cytokine
and the level of the Inflammatory state was investigated. For
example, correlation between TNF-a level and Inflammatory
state is R, =0.56 (Table 4). It means that participants
with higher level of TNFa have higher level of Inflammatory
state. But the main question is: Do people with higher level
of Inflammatory state have higher level of Cognitive and
periodontal impairment state? In Table 4 we showed the
correlation coefficient between these two states, measured as
function U (Cognitive and periodontal state) and V (In-
flammatory state). This correlation is *R p,,., =0.51 and it is
quite substantial. Based on the confidence interval at 95%
level we conclude that we can be almost sure, that in general
population this correlation is at least *R,,,,,, =0.39, and it is
not impossible that it is even as high as
*R pygrons = 0.63. ¥ *ar=30 =51, p = 0.009 . This is not surprising that
only about 3% of observed variability of cytokines levels can
be explained by Cognitive and periodontal impairment state.
Fig. (2) presents correlation between Cognitive and perio-
dontal impairment state (U ) as a function of MMSE and
BoP (see Statistical methods) and Inflammatory state (V'),
as a function of cytokine levels produced by cultured and
unstimulated PBL.

Therefore, higher level of BoP score, which correlates
with periodontal disease, is connected with higher Cognitive
and periodontal impairment state, and thus with higher level
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Correlation * R

R

tween Inflammatory state and it’s measures: cytokines levels. Coefficients § of the linear functions U and V defining Cogni-

Table 4. between Cognitive and periodontal impairment state and Inflammation state. Correlations

Pearson's

between Cognitive and periodontal impairment state and it’s measures: MMSE, BoP. Correlations R be-

Pearson's Pearson's

tive and periodontal impairment state (U) and Inflammatory state (V) in PBL isolated from all participants.

Cognitive and Periodontal Impairment State Measures ﬁ(l) Pearson's
Cocefficients Correlation

BoP.mod2 0.57 0.61
MMSE -0.51 -0.65
BoP x MMSE 0.51 0.62

Variability explained 9.7

by inflammation state [%] CI95% =(5.4, 17.6)
Inflammatory state B @ Rpirson's
measures coefficients correlation

TNF 0.33 0.56
IL-6 -0.17 0.44
IL-10 0.3 0.57
IL-1 0.2 0.59
TNF x IL-6 -0.45 -0.18
TNF x IL-10 -0.17 -0.22
TNF x IL-1 -0.47 -0.21
IL- 6 x IL-10 -0.39 0.05
IL- 6 x IL-1 0.5 0.26
IL 10 x IL-1 0.8 0.34

Variability explained by cognitive 32

and periodontal state [%] CI95% (1,7.1)
*R Pearson's correlation 0.51
between U and V' CI95% (0.39; 0.63)
Test for * RPearson's
szf:w =51, p=0.009
of the Inflammatory state, as a reflection of systemic in- tory state has the MMSE test results. Coefficient
flammation measured by the levels of cytokines produced by B,, =—0.81 is more than two-fold higher than coefficient for

unstimulated PBL. Similarly, lower MMSE result, which
correlates closely with the presence of cognitive impairment
and dementia, is connected with higher Cognitive and perio-
dontal impairment state. What’s more, the presence of high
BoP (periodontitis) scores and low MMSE (cognitive im-
pairment and dementia) scores together mean higher Cogni-
tive and periodontal impairment state and thus higher In-
flammatory state, compared to the prevalence of only one of
these conditions.

Table 5 presents the results of cytokines levels produced
by LPS-stimulated PBL. Based on the [3(1) coefficients it is

presented, that the highest impact on the correlation between
Cognitive and periodontal impairment state and Inflamma-

BoP test results, where B, =0.36, and is negative, because

less points in MMSE test means the worse cognitive func-
tions and dementia. It has been shown that about 9% of the
observed variability among Cognitive and periodontal im-
pairment state can be explained by the Inflammatory state,
i.e. by the levels of cytokines IL-1p, IL-6, IL-10 and TNF-a.
From Table 5 we get coefficients B® which describe the

impact of the particular cytokines levels on the correlation
between Cognitive and periodontal impairment state and
Inflammatory state. 1t is presented that the highest impact
have TNF-a, B, . =-0.54 and IL-1B 3, , =0.86. Based

on the coefficients B* for interaction components it is ob-
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Table 5.

Pearson's

Pearson's

between Cognitive and periodontal impairment state and it’s measures: MMSE, BoP. Correlations R
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between Cognitive and periodontal impairment state and Inflammation state. Correlations

be-

Pearson's

tween Inflammatory state and it’s measures: cytokines levels. Coefficients  of the linear functions U and V defining Cogni-

tive and periodontal impairment state (U) and Inflammatory state (V) in LPS-induced PBL isolated from all participants.

Cognitivel and Periodontal Impairment State Measures ﬁ " Pearson's
Cocefficients Correlation
BoP.mod2 0.36 0.42
MMSE -0.81 -0.89
BoP x MMSE 0.28 0.44
Variability explained 9.2
by inflammation state [%] CI95% =(4.9, 16.4)
Inflammatory state ﬂ @ Pearson's
measures coefficients correlation
TNF -0.54 -0.03
IL-6 0.05 0.51
IL-10 0.12 0.36
IL-1 0.86 0.67
TNF x IL-6 0.47 -0.35
TNF x IL-10 -0.44 -0.09
TNF x IL-1 -0.44 -0.5
IL- 6 x IL-10 0.36 0.16
IL- 6 x IL-1 -0.35 -0.38
IL 10 x IL-1 0.43 0.12
Variability explained by cognitive and periodontal state [%] 28
CI95%(0.9, 6.5)
* Pearson's correlation between U and V' o 0.5 )
CI95%(0.38; 0.63)
Test for * R Pearson's
2240 =50, p=0.013

X - interaction between two measures;

served that the effect of the TNF-a level cannot be described
without consideration of the other cytokines. The effect of an
interaction between TNF-a and other cytokines in creating
the Inflammatory state has a reflection in the value of the
correlation coefficient between TNF-a level and the value of
the Inflammatory state, R =—0.03. This value, practi-

Pearson's
cally zero, shows, that there is no simple correlation between
TNF-o and Inflammatory state if the levels of other cytoki-
nes are ignored. The highest impact on the correlation be-
tween Cognitive and periodontal impairment state and In-
flammatory state has IL-1P. The coefficient for this cytokine
is B, , =0.86 and its influence is in positive interaction with

the level of the IL-10. The coefficient for this interaction
component is 3, . =0.43 and it means that if we con-

sider the correlation between Inflammatory state and Cogni-
tive and periodontal impairment state, the higher level of 1L-
1B and IL-10 correlates with higher level of Inflammatory
state, but their common effects are more than additive.
Based on the simple correlation coefficients R it is

Pearson's

investigated, that all the cytokines are positively correlated
with Inflammatory state, even if the presence and levels of
the other cytokines and interactions between them are ig-
nored. For example, correlation between IL-1B level and
Inflammatory state is R =0.67, it simplifies that if

the level of the rest of cytokines is ignored, the higher level
of the IL-1p always will be connected with higher level of
the Inflammatory state, etc. In the Table 5 we find the corre-
lation *R =0.5 between Cognitive and periodontal

Pearson's

Pearson's
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impairment state (variable U, see Statistical methods) and
Inflammatory state (variable V). Confidence interval for this
correlation coefficient is CI95% (0.38, 0.63) and it shows
that in general population this correlation is at least
about* R ~0.4 and not higher than R ooy = 0.6

=0.5 is significant at

Pearson's

This observed correlation *R

Pearson's
a=0.05(y #=30 =50, p=0.013). The correlation between

Cognitive and periodontal impairment state (U), measured
as a function of MMSE and BoP (see Statistical methods)
and Inflammatory state (V), as a function of the levels of
cytokines produced by LPS-stimulated PBL it is presented
on Fig. (3).

Therefore, worse periodontal health status (higher BoP
score) as well as cognitive decline (lower result in MMSE
test) (via negative value of the §, coefficient) are connected

with the higher level of the Cognitive and periodontal im-
pairment state (via positive §,) and higher Inflammatory

state, as a reflection of systemic inflammation measured by
the levels of cytokines produced by LPS-stimulated PBL.
According to the obtained results we have seen that unstimu-
lated as well as LPS-stimulated PBL ex vivo respond simi-
larly by producing the elevated levels of systemic inflamma-
tory markers IL-1p, IL-6, IL-10 and TNF-a. Moreover, all
the cytokines are positively correlated with the inflammatory
state. Thus, it confirms that poor periodontal health status
and cognitive decline aggravate the inflammatory response.

Based on the results presented in Tables 4 and 5 as well
as on the (Figs. 2 and 3) the relationship between Cognitive
and periodontal impairment state (U) and Inflammatory
state (V) is showed. The interesting question is: What is the
probability, that first person has higher Inflammation state
than the second one, if the first one has higher Cognitive and
periodontal impairment state? According to the notation
introduced in Statistical methods we ask about probability
m, where =P, >V,if U —U, >0). Figure 4 presents
functional relation between 7 and difference U, -U,.

Firstly, if there is no correlation between U and V, expected
curve takes the same probability 7 = 0.5 for every difference
U, —U, (dot blue line on Fig. 4). Secondly, if the correlation

between U and V is ideal positive (*R =1) then the

Pearson's
probability will take 7 =0 for every U, -U, <0 and 7 =1
for every U, —U, >0 (solid blue line on Fig. 4). This ob-
served correlation (PBL) is *R =0.511 (Table 4).

This correlation is reflected by the red curve on Fig. (4).
Based on the results presented on the (Fig. 4) we can con-
clude, that if person number one have lower Cognitive and
periodontal impairment state than the person number two
(negative difference U, —U, ), there is low probability, that

Pearson's

person number one have higher Inflammatory state than per-
son number two. Otherwise, if person number one has higher
Cognitive and periodontal impairment state comparing to
person number two (positive difference U, —U,), then it is

more probable, that person number one also has higher /n-
flammatory state.

Sochocka et al.

DISCUSSION

Still increasing number of studies suggest the relationship
between periodontitis and cognitive decline and AD [3, 27,
29, 30, 34] but the link is elusive and the exact mechanism is
still unclear. Periodontitis can lead to the AD progression,
and two probable mechanisms are proposed: periodontitis
preceding systemic inflammation/infection and bacterial and
viral influence [35]. The chronic inflammatory response that
occurs in AD is a complex process that involves innate and
adaptive cells and their produced inflammatory mediators
(TNFa, IL-1, IL-6, IL-7, IL-10, IL-15 and IL-18) [36]. Cyto-
kines IL-1, IL-6, IL-10 and TNF-a are involved in the patho-
genesis of periodontitis and are a good biomarkers of non-
surgical treatment of chronic periodontitis [37-39].

While the influence of inflammatory processes in the
pathogenesis of periodontitis and AD is reported, this study
addressed whether there is a relationship between pro- and
anti-inflammatory cytokine profile, that plays an important
role in the immune response in periodontal disease and AD,
and the results of the BoP test and MMSE test, as a reflec-
tion of periodontal health status and cognitive abilities. It has
been shown that the level of pro-inflammatory cytokines IL-
1, IL-6 and TNF-a but also anti-inflammatory IL-10, pro-
duced by PBL ex vivo, increases with worsened periodontal
status (increase of BoP score) and cognitive decline (fall of
MMSE score). These results confirmed early observations
that the systemic inflammatory markers are elevated in diag-
nosed cognitive impairment and AD patients with periodon-
titis. For example, it has been shown that in AD patients with
periodontitis the antibodies of common periodontal bacteria
and plasma levels of TNF-a are increased [40]. Three folds
higher level of TNF-a in serum of AD patients with chronic
periodontitis was also presented [41]. Ide et al. investigated
an association between periodontitis and cognitive decline in
AD by the measurement of serum level of pro- and anti-
inflammatory markers. They show a relative increase in the
levels of CRP and TNF-o and decrease in IL-10 over a six
month follow up period in AD participants with periodonti-
tis, but the results are not informative because of the small
numbers of participants and because of the large data scatter.
Thus, the future investigations that could confirm these re-
sults are needed.

It was presented earlier that PBMCs from patients with
chronic periodontitis have suppressed anti-inflammatory
cytokine production (IL-10) [42] and that the IL-10 produc-
tion was restored after blocking the pro-inflammatory cyto-
kine release by peripheral blood mononuclear cells (PBMC)
from chronic periodontitis patients in response to P. gin-
givalis LPS. We showed an increase in IL-10 production by
PBL, therefore it seems that the cytokine profile, as well as
the inflammatory state associated with the presence of both
periodontitis and cognitive impairment, change the leukocyte
response, which replay with the increased production of both
pro and anti-inflammatory cytokines. Moreover IL-10 is
known as a down-regulator of IL-1 production, so higher
level of pro-inflammatory cytokine (IL-1p, IL-6 and TNF-a)
may lead to an increase in IL-10 release. The elevated levels
of both pro- and anti-inflammatory cytokines were also ob-
served in patients with periodontitis and other systemic dis-
eases, like rtheumatoid arthritis or inflammatory bowel dis-
ease [43, 44].
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Fig. (2). Correlation between Cognitive and periodontal impairment state (U), measured as the function of MMSE and BoP (see Statistical
methods), and Inflammatory state (V) as a function of cytokines levels produced by unstimulated PBL ex vivo.
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Fig. (3). Correlation between Cognitive and periodontal impairment state (U), measured as the function of MMSE and BoP (see Statistical
methods), and Inflammatory state (V) as a function of cytokines levels produced by LPS-stimulated PBL ex vivo.
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Fig. (4). Association between Cognitive and periodontal impairment state (U), and Inflammatory state (V) as the probability, that first person
have higher Inflammatory state than the second one, if the first person has higher or lower Cognitive and periodontal impairment state than
the second one. This probability is showed as a function of difference U; ~U,in Cognitive and periodontal impairment states between this

two persons.

To test the hypothesis that the coexisting of poor perio-
dontal status and cognitive impairment may exacerbate the
systemic inflammation, we have measured the level of pro-
(IL-1B, IL-6 and TNF-a) and anti-inflammatory IL-10 sys-
temic markers produced by unstimulated and LPS-stimulated
PBL. All participants were brought under thorough perio-
dontal and psychiatric examination, but for our analysis BoP
and MMSE tests results were chosen. The reason was that
the BoP is effective in the diagnosis and monitoring of active
periodontal diseases but also is a reliable indicator of gingi-
val inflammation [33]. However, measurement of the PoB
does not allow for diversity between periodontitis and gingi-
vitis, but we confirm that in our study, participants diag-
nosed with periodontitis and not only gingivitis were in-
cluded. MMSE is a standard test used for the evaluation of
cognitive decline (screening of cognitive impairment and
dementia). There are some limitations to the current research
that may affect the results. One could not expect that there
will be a simple correlation between the level of particular
cytokines and the number of points in the MMSE test. In-
flammation is a complex process and there is no simple rela-
tionship between inflammation and the level of individual
cytokine level and the relationship between cytokine level
and BoP or MMSE results. Therefore, in this study we have
used such-and-such methodology, where the MMSE and
BoP test results are combined into the one value (U) with a
particular function, whose the result determines the severity
of specific condition, that we collectively called Cognitive
and periodontal impairment state. Similarly, the levels of
cytokines were combined into the one function (¥) whose
value (the result of adding cytokine concentrations and mul-

tiplied by their coefficients [3,) determines the level of In-
Sflammatory state, as a reflection of systemic inflammation.

It was suggested previously that the higher prevalence of
both conditions (periodontitis and dementia) in elderly could
imply that their association might be coincidental [34]. We
have shown the evidence that the higher BoP result (wors-
ened bleeding), which means periodontal health problems,
the higher U-function value (Cognitive and periodontal im-
pairment state), because Pp for the BoP is positive and sig-
nificantly higher than zero. Likewise, we presented that the
less points in MMSE test, which indicates on the cognitive
impairment and dementia, means, again, the higher U-
function value because of the negative j,, for the MMSE. It
means that the cognitive impairment and dementia (fall in
MMSE test) and periodontal disease (high BoP), when coex-
ist together, lead to the higher systemic inflammation com-
pared to the prevalence of only one of these conditions.
Thus, we confirmed early proposed mechanism, where in-
flammatory mediators of periodontitis may contribute to,
exacerbate, and share risk factors with dementia [45]. These
observations are significant to better understand the mecha-
nisms involved in the pathogenesis of neuroinflammatory
diseases, like AD. The increase of systemic inflammation
leads to the rise of pro-inflammatory cytokines that may en-
ter into the brain through the more permeable blood brain
barrier (BBB) and stimulate the glial cells to synthesize addi-
tional pro-inflammatory cytokines and evoke neuroinflam-
mation. Periodontitis is a significant source of systemic in-
flammatory molecules, that causes or promotes other chronic
systemic inflammatory diseases, and an association between
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periodontal disease and brain AP load in humans was shown
[23, 46].

Therefore it is reasonable to consider periodontal health
problems as a modifiable risk factor of cognitive impairment
and dementia, and early treatment of periodontitis may limit
severity and progression of cognitive lesions. Future research
using more accurate, especially psychiatric, examinations,
and designation of other systemic inflammatory markers are
most welcome and warranted to support this investigation.

CONCLUSION

The inflammatory processes change along with the dis-
ease process and the impact of numerous biomarkers, like
cytokines still produced by immune cells, may be different at
different points in the disease. The prevalence of the various
neuropsychiatric symptoms and neurodegenerative changes
alter over the course of the disease and it is very likely that
the presence of additional source of pro-inflammatory me-
diators, like periodontal disease, might not initiate AD but
exacerbate the systemic inflammation and thus deepen the
neurodegenerative lesions.
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