DOI:10.4274/tnd.2022.15985
Turk J Neurol 2023;29:30-39

OF 0
y
o

Original Article / Ozgiin Arastirma

Salivary Oxidative Status and the Neutrophil/Lymphocyte Ratio in
Multiple Sclerosis

Multipl Sklerozda Tiikriikteki Oksidatif Durum ve Notrofil/Lenfosit Orant

® Cagla Varol!, ® Fatma Yesim Kirzioglu2, ® Serpil Demirci3, ® Melike Dogan Unlii3, ® Mustafa Calapoglu4,
® Hikmet Orhan>

1Burdur Oral and Dental Health Center, Burdur, Tlrkiye

2S(ileyman Demirel University Faculty of Dentistry, Department of Periodontology, Isparta, Tlrkiye

3Slleyman Demirel University Faculty of Medicine, Department of Neurology, Isparta, Tirkiye

4Suleyman Demirel University Faculty of Arts and Sciences, Department of Biochemistry, Isparta, Tirkiye

5Suleyman Demirel University Faculty of Medicine, Department of Biostatistic and Medical Informatics, Isparta, Tlrkiye

Abstract

Objective: To compare the oxidative status in saliva between patients with multiple sclerosis (MS) and systemically healthy controls in the context of periodontal
health and to evaluate whether salivary oxidative status correlates with the neutrophil/lymphocyte ratio (NLR).

Materials and Methods: A total of 184 volunteers, 92 with MS and 92 systemically healthy volunteers, participated in the study. Each person underwent
medical, neurological, and oral examinations. Saliva samples were taken, and myeloperoxidase (MPO), lactoferrin (LF), total antioxidant capacity (TAOC), total
oxidant status (TOS), and oxidative stress index (OSI) levels were determined.

Results: There were no differences in the periodontal parameters between the patients with MS and the healthy volunteers (P > 0.05). The NLR was higher in the
patients with MS than in the controls (P = 0.000). However, patients with MS had non-significantly lower MPO levels and higher LE, TOS, and OSI levels than
the controls (P > 0.050). There was a significant decrease in TAOC levels in the MS group (P = 0.0106). There were higher TOS levels in the periodontally healthy
patients with MS and higher OSI levels in the periodontitis - stage 2 patients with MS than those in the matched controls. There were also higher TAOC levels
in the periodontitis - stage 3 MS group (P < 0.050). There were positive correlations between MPO, TAOC levels and the probing depths, the clinical attachment
levels (CALSs) in the MS and control groups. While higher periodontal parameters and MPO levels were associated with increased disability factors, the CALs and
the TAOC and MPO levels were elevated in those with longer disease durations (P < 0.050).

Conclusion: The periodontal findings in the patients with MS are not different from those in healthy controls; however, increased MPO and decreased TAOC
levels in saliva and higher NLRs in patients with MS indicate a prominent ongoing systemic inflammation despite altered immune surveillance.
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Oz

Amac: Multipl sklerozlu (MS) hastalar ile sistemik olarak saglikli kontroller arasinda tiikiiriikteki oksidatif durumu periodontal saglik baglaminda kargilagtirmak
ve tiikiiriik oksidatif durumunun nétrofil/lenfosit orani (NLR) ile iligkili olup olmadigini degerlendirmektir.

Gerec¢ ve Yontem: Caligmaya 92 MS hastast ve 92 sistemik saglikli goniillii olmak iizere toplam 184 goniillii katildi. Her bireyde tibbi, nérolojik ve oral
muayene yapildi. Tiikiiritk 6rneklerinde miyeloperoksidaz (MPO), laktoferrin (LF), total antioksidan kapasite (TAOC), total oksidan durum ve oksidatif stres
indeksi (OSI) seviyeleri belirlendi.

Bulgular: MS ve saglikli goniilliiler arasinda periodontal parametrelerde herhangi bir fark yoktu (P > 0,05). NLR, MS'de kontrollerden daha yiiksekti (P =

0,000). Ancak MS hastalarinda kontrollere gére anlamli derecede diisitk MPO, daha yiiksek LE, TOS ve OSI seviyeleri vard: (P > 0,05). MS grubunda TAOC
diizeylerinde anlaml: bir diisiig vardi (P = 0,016). Periodontal olarak saglikli MS hastalarinda TOS ve periodontitis - evre 2 MS hastalarinda OSI eglestirilmig
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kontrollere kiyasla daha yiiksekti ve MS grubunda periodontitis - evre 3’te TAOC daha yiiksek bulundu (P < 0,05). MS ve kontrol gruplarinda MPO, TAOC ve cep
derinligi, klinik atagman seviyesi (CAL) arasinda pozitif korelasyon vardi. Daha yiiksek periodontal parametre ve MPO seviyeleri artan oziirliiliik ile iligkiliyken,

daha uzun hastalik siiresinde CAL, TAOC ve MPO diizeyleri artt1 (P < 0,05).

Sonug: MS hastalarindaki periodontal bulgular saglikli kontrollerdekinden farkli degildir, ancak tiikiiriikte aremig MPO ve azalmig TAOC seviyeleri ve MS’de
yiiksek NLR, degismis immiin siirveyansa ragmen devam eden artmis bir sistemik enflamasyona isaret ecmektedir.

Anahtar Kelimeler: Multipl skleroz, miyeloperoksidaz, laktoferrin, oksidatif stres, periodontitis

Introduction

Oxidative stress, where there is an imbalance between excessive
reactive oxygen species (ROS) and nitrogen species production and
a relative deficiency of antioxidants, is an important element in
the pathogenesis of many diseases, including neurodegenerative
and neuroinflammatory ones such as multiple sclerosis (MS) (1).
MS is a chronic, inflammatory disease of the central nervous
system characterized by immune-mediated demyelination and
axonal loss (2). Though its etiology remains unknown, a complex
interplay between environmental factors, genetic predisposition,
and aberrant immune responses is believed to contribute to the
development of the disease. In addition to inflammation, axonal
damage, excitotoxicity, demyelination, and remyelination,
several studies underline oxidative stress as the key aspect in the
pathogenesis of MS (3,4). ROS and nitric oxide synthase play a
pivotal role in the initial and chronic stages of MS. ROS released
by immune cells contribute to the loss of blood—brain barrier
integrity, tight junction gap formation, cytoskeletal changes,
demyelination, oligodendrocyte death, and axonal degeneration
(3). Studies have shown that, in MS, oxidative stress markers
increase, and antioxidant levels decrease (4,5,6).

Periodontitis is a common chronic disorder leading to the
destruction of tooth-supporting structures and, subsequently,
tooth loss (7). The decrease in the total antioxidant capacity
(TAOC) and increase in the total oxidant status (TOS) of saliva in
individuals with periodontitis supports the notion that oxidative
stress contributes to the disease’s onset and progression (1). Many
studies have demonstrated the association of periodontal diseases
with systemic diseases, such as diabetes, cardiovascular disease,
and metabolic syndrome. Oxidative stress is also implied to be
the common shared pathogenetic factor in these associations (1,8).

Myeloperoxidase (MPO) is an important oxidative enzyme
present in innate immune cells and microglia, which takes part
in the host defense system by producing hypochlorous acid, a
powerful oxidant (9). MPO levels increase with inflammation
and have been reported to increase in periodontitis cases when
compared with healthy controls (10). In MS, significantly elevated
MPO activity has been shown to associate with demyelination in
cortical and white matter homogenates (11). Moreover, along with
other oxidative stress markers, MPO elevation has been detected
in the sera and saliva of patients with relapsing-remitting MS
(RRMS) (4). Lactoferrin (LF) is a unique first-line defense protein
controlling and ameliorating oxidative cell injury and bridging
innate and adaptive immune function, thereby protecting against
microbial infections and preventing systemic inflammation (12).
Chronic inflammatory and neurodegenerative diseases have been
reported to demonstrate elevated salivary LF levels and negative
correlations with disease severity (13). Also, increased LF levels
in saliva have been reported to result in higher dental caries (14).
There is no study in the literature evaluating salivary LF levels

in MS. Oral LF treatments for patients with MS demonstrated an
improvement of their clinical status with a profound interferon-
gamma decrease and an interleukin-10 secretion increase (12).

Neutrophils are the first defensive cells of the immune system
and are crucial factors in scavenging microorganisms and cellular
debris in septic and aseptic processes. By engulfing pathogens/
debris and releasing ROS and proteases, they contribute to
host defense and the maintenance of tissue homeostasis (15).
Lymphocytes are active in maintaining effective immune
surveillance. The neutrophil/lymphocyte ratio (NLR), suggested
as a surrogate marker of systemic inflammation, has been reported
to increase in the presence of MS (16,17) and periodontitis (18).

Saliva is an easily and non-invasively accessible biofluid that
can be used for detecting biomarkers in different pathological
conditions to predict the risk, activity, and prognosis of certain
diseases. Elevated salivary oxidative stress markers concentrations
have been reported in oral and systemic diseases (1). Saliva is a
useful and practical biofluid to measure TAOC and TOS levels
(19). One of the oxidative enzymes, MPO, has been evaluated
in the brain tissue homogenates and sera of patients with MS
(4,5,11). However, there is no study evaluating salivary MPO and
LF in patients with MS. The present study aims to compare MPO,
LE TAOC, and TOS levels in saliva between the patients with
MS and systemically healthy controls in the context of periodontal
health and evaluate whether salivary oxidative status correlates
with systemic inflammation degree as determined by NLR.

Materials and Methods

Study Population

This cross-sectional study was carried out in the Department
of Periodontology, Faculty of Dentistry and Department of
Neurology, Faculty of Medicine at Siileyman Demirel University,
Isparta, Tiirkiye, after the approval decision of the Clinical Research
Ethics Committee of Siileyman Demirel University Faculty of
Medicine (approval no: 12.13.2018/234). The individuals who
participated in the study were informed in accordance with the
Helsinki Declaration (2002 revision), and their written consents
were obtained.

Patients with MS satisfying the criteria for definite MS
according to the McDonald criteria (20) were included in the
study. These patients were over 18 years old and had not had a
neurological attack or used corticosteroids in the last 3 months.
Patients diagnosed with a clinically isolated syndrome and
radiologically isolated MS were excluded in the study. Participants
who had significant cognitive impairment, presence of any
comorbid disease that could result in possible inferences (thyroid
dysfunction, hypertension, diabetes, cardiovascular disease,
obesity, anemia, or menopause), were pregnant or breast-feeding,
used any drugs causing gingival enlargement, used antibiotics
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and anti-inflammatory drugs in the last 3 months and 1 month,
respectively, or received periodontal treatment in the last 6 months
were excluded.

A total of 184 volunteers, 92 with MS and 92 systemically
healthy volunteers, were included in the study. Gender and age
were considered when creating the groups. All the participants
answered a questionnaire regarding their sociodemographic
characteristics and habits (oral care, smoking, etc.). Individuals
underwent general medical and neurological examinations. MS
severity was evaluated by the Expanded Disability Status Scale
(EDSS) (21).

Oral Examination

Intra-oral and radiological examinations were given to each
participant. Each patient’s the plaque index (PI) (22), the gingival
index (GI) (23), percentage of bleeding on probing (BOP%)
(24), probing depth (PD), and clinical attachment level (CAL)
were evaluated by a certified periodontist by using a periodontal
probe (William’s Periodontal Probe, Hu-Friedy, Chicago, IL,
USA). Intra-examiner analysis showed an intraclass correlation
coefficient of 0.96 for the PD measurement and 0.94 for the CAL
measurement. Intra-examiner weighted K (1 mm) values ranged
from 0.84 to 0.93 for the PD measurement and 0.84 to 0.92
for the CAL measurement. Periodontal disease classification was
made according to the 2018 American Periodontology Academy
and European Periodontology Federation World Workshop
Classification (25). Finally, the decayed, missing, and filled teeth
index (DMFT) score was calculated (26).

Blood Samples

A peripheral blood sample was obtained for each enrolled
patient during the oral examination and saliva sampling.
Participants’ blood samples were drawn from the antecubital
vein into tubes containing ethylenediaminetetraacetic acid as an
anticoagulant after overnight fasting between 08:00 and 10:00
am. The complete blood cell analysis was performed using the flow
cytometry method (Beckman Coulter LH 780 Analyzer, Beckman
Coulter Inc., Miami, FL, USA). The analyzer was calibrated twice
a day by establishing low and high parameters with the control
blood samples. Hematological parameters were determined and
recorded. The NLR was calculated by dividing the absolute
neutrophil count by the absolute lymphocyte count.

Saliva Samples and Laboratory Analysis

Before the periodontal examination, unstimulated total saliva
samples were collected from each person between 08:00 and 10:00
am, and saliva flow rates (SFRs) were calculated (27). The samples,
taken into Eppendorf tubes, were kept at -80°C. For the laboratory
analysis, saliva samples were dissolved at 4°C and homogenized by
vortexing. Supernatants were collected and centrifuged at 4°C for
6 minutes at 9.000 g (Eppendorf MR 5415, Hamburg, Germany).

MPO and LF levels were determined using commercial
enzyme-linked immunosorbent assay (ELISA) kits (Cayman
Chemicals, Ann Arbor, MI, USA; Elabscience Biotecnology Inc.,
Houston, TX, USA, respectively). Saliva samples were diluted
1:100 with an ELISA buffer for MPO and 1:1,000 with a diluted
sample diluent for LE. The MPO and LF results of the calibration
and sampling were determined by reading in the 450 nm ELISA
plate reader (Epoch™, BioTek Instruments, Inc., Winooski, VT,
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USA). MPO and LF concentrations were calculated according to
standard curve data with four-parameter logistic fit analysis using
MyAssay Readerfit ELISA software (www.MyAssay.com). MPO
and LF results are expressed in ng/ml.

TOS and TAOC levels were determined by commercial
kits using the colorimetric method (TOS assay kit, REL Assay
Diagnostics, Gaziantep, Tiirkiye; total antioxidant status assay kit,
REL Assay Diagnostics, Gaziantep, Tiirkiye, respectively) (19,28).
TAOC levels were measured based on the decolorization of the
2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) radical
cation by antioxidants. The change in absorbance at 660 nm
indicated the sample’s TAOC level. TOS levels were determined
by measuring the color intensity of the oxidation reaction of the
ferrous ion-chelator complex to ferric ions produced by the oxidants
in the saliva. Hydrogen peroxide (H,0,) was used as the standard
for preparing the calibration curve. The results were expressed
as millimolar Trolox equivalent per liter (mmol Trolox Eq/l) for
the TAOC and micromolar H O, equivalent per liter (nmol H O,
Eq/l) for the TOS. The oxidative stress index (OSI) was calculated
as the percentage ratio of TOS:TAOC (19).

Statistical Analysis

The SPSS v. 20.0 for Windows (IBM, Chicago, IL, USA)
package program was used to evaluate the study’s data. The
Kolmogorov—Smirnov test was used to check whether variables
provided parametric assumptions for normal distribution. The
homogeneity of the variances was evaluated with Levene’s test.
Independent sample t-tests and Chi-square tests were used to
evaluate the relationships between the categorical data and
continuous variables. An analysis of variance was used to evaluate
salivary parameters and NLRs according to periodontal status.
Periodontal and salivary parameters were compared between
MS subgroups for multivariance (generalized linear models),
with age taken as the covariate variable. The Pearson correlation
test was used to evaluate the significance of linear relationships
between periodontal, salivary, and systemic parameters and
sociodemographics. A logistic regression analysis was used to
investigate the relationship between periodontal, salivary, and
systemic parameters and MS risk. The significance level was set
at P =0.050.

Results

The socio-demographic features of patients with MS and
healthy controls are given in Table 1. Age, gender, education level,
income, smoking, tooth brushing frequency, and body mass index
did not differ between patients with MS and the healthy controls (P
> 0.050). Most patients with MS had RRMS (89%). Ten patients
had progressive MS (PMS). Two of these had primary PMS, and
the other eight had secondary PMS. As expected, patients with
progressive cases were older and had longer disease durations and
more disability factors than those with RRMS. Their smoking and
oral hygiene habits also differed from patients with RMMS (Table
1).

The clinical periodontal examination findings in patients with
MS were comparable with those in healthy volunteers (P > 0.005).
Likewise, there was no significant difference in the number of
periodontally healthy and unhealthy individuals in both groups
(Table 2). When comparing periodontal statuses, only the
periodontally healthy patients with MS had a lower BOP%, and
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the patients with MS with gingivitis had a lower SFR than those
in the matched controls (5.23 + 2.53 vs. 6.51 + 2.05, P = 0.048;
0.26 + 0.56 vs. 0.27 = 0.50, P = 0.030, respectively). However,
when comparing patients with MS according to MS subtypes, the
results revealed that those with a progressive disease status had
worse oral health, higher PDs, CALs, and GIs, and lower SFRs
(Table 2).

The NLR was significantly higher in the MS group than
in the control group (P = 0.000) (Table 2). Despite exhibiting
a remarkably high systemic inflammation, as defined by their
NLRs, patients with MS had lower MPO and higher LF levels in
their saliva than the healthy volunteers, though not significantly
(P > 0.050). Nevertheless, patients with MS had a statistically
non-significant increase in TOS and OSI levels (P > 0.050) and a
significant decrease in TAOC levels (P = 0.016) (Table 2).

The intragroup and intergroup comparisons of salivary
findings and NLRs according to the participants’ periodontal
statuses are shown in Table 3. The NLR tended to increase in both
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groups as the severity of periodontal disease increased, though
not significantly. There were no observed significant differences
in salivary parameters in terms of periodontal status within or
between the groups, except that there were higher TAOC levels in
the periodontitis - stage 3 patients in the MS group (P = 0.007),
higher TOS levels in the periodontally healthy volunteers (P =
0.049) and higher OSI scores in the periodontitis - stage 2 patients
in the MS group than those in the matched controls (P = 0.037).

The significant correlations between the parameters in the MS
and control groups are presented in Table 4. In the patients with
MS, TOS levels increased as the TAOC and MPO levels increased
(P =0.002 and P = 0.038, respectively). Also, there was a negative
correlation between TAOC and OSI levels (P = 0.047). In healthy
volunteers, TAOC levels correlated negatively with LF (P = 0.037)
and OSI (P = 0.000) levels, and LF levels correlated positively with
OSI levels (P = 0.002).

In the MS group, MPO levels yielded positive relationships
with disease duration (P = 0.001) and EDSS scores (P = 0.041)

Table 1. Socio-demographic group features

Parameters RRMS (82) n (%)  *PMS (10) n (%) **P MS (92) n (%) (C;;IU‘OI 92)n p
0
Gender [female (%)] 57 (69.5) 3 (30) 0.013 60 (65.2) 60 (65.2) 1.000
Age 35.78 + 9.66 43.70 = 7.26 0.007 34.16 + 8.8 36.8 +11.5 0.111
Education level
Primary 24 (29.3) 5 (50) 29(31.5) 28 (30.4)
High school 20 (24.9 220 0.402 22(23.9) 20(21.7) 0.896
University 38 (46.3) 3 (30) 41 (44.6) 44 (47.8)
Income (TL/month)
<2000 14 (17.1D) 3 (30) 17(18.5) 13 (14.D
2000-5000 63 (76.8) 6 (60) 0.509 69 (75.0) 71(77.2) 0.655
>5000 5 (6.1 10; 6(6.5) 8.7
Smoking (cigarettes/day)
None 61 (74.3) 330 64 (69.6) 72(78.3)
<10 337 0 33.3) 222
0.405

10-20 18 (22.0) 7 (70) 0005 25 (27.2) 18(19.6)
Tooth brushing frequency
<1/day 10 (12.2) 7 (70) 17(18.5) 13(14.D 0.695
1/day 33 (40.2) 3 (30) 0.000 36 (39.D 36(39.1)
>2/day 39 (47.6) 0 39 (42.4) 43 (46.7)
EDSS 2.81 £ 1.18 4.5+ 1.08 0.000 2.99 = 1.28 - =
Disease duration (yrs) 5.81 + 4.39 8.30 + 4.83 0.096 6.08 + 4.48 - -

INF: 27 (32.9)

GA: 18 (22.0)

TRF: 5 (6.1)
Medications DMF: 16 (19.5) gAé\;[{ 37((37%)) - - - -

FNG: 14 (17.1D) i

NTZ: 1 (1.2)

OCR: 1 (1.2)
Socio-demographics are presented as n (%), except age (mean + standard deviation). The P values were computed with the y? independence test. *PMS group consists
of eight secondary progressive and two primary progressive MS cases, **Comparison of MS subgroups. EDSS: Expanded Disability Status Scale, MS: Multiple sclerosis,
PMS: Progressive MS, RRMS: Relapse-remitting MS, DMF: Dimethyl fumarate, FAM: Fampridine, FNG: Fingolimod, INF: Interferon betala/b, GA: Glatiramer acetate, NTZ:
Natalizumab, OCR: Ocrelizumab, TRF: Teriflunomide

33



Turk J Neurol 2023;29:30-39

and a negative relationship with the number of teeth (P = 0.003).
In healthy volunteers, the higher their teeth number, the lower
the TOS (P = 0.003) and OSI (P = 0.016) levels. Likewise, MPO
decreased as SFR increased (P = 0.017) (Table 4).

When the relationships between salivary parameters, NLRs,
and periodontal parameters were evaluated, there were positive
relationships between NLR and GI levels (P = 0.045) and the
BOP% (P = 0.044) in healthy controls. However, no relationships
existed between NLR and periodontal parameters in the MS
group. MPO showed a weak but significant relationship with
PD (P = 0.024) and CAL (P = 0.027). While there were positive
correlations between TOS and PD and CAL (P = 0.036 and P
= 0.035, respectively), TOS levels negatively correlated with
teeth numbers (P = 0.003). DMFT index scores increased as LF
levels increased (P = 0.028). In the MS group, higher MPO levels
correlated with higher PD (P = 0.032) and CAL (P = 0.014). MPO
and TAOC levels significantly correlated with teeth numbers (P =
0.003 and P = 0.002, respectively). Also, TAOC showed a weak
relationship with PD (P = 0.040) and a moderate relationship
with CAL (P = 0.000) (Table 4).

The loss of dexterity in patients with MS due to sensory, motor,
or coordination problems and increasing disability may present
challenges in their ability to perform effective oral hygiene.

Varol et al.; Salivary Oxidative Status and NLR in MS

To evaluate the effect of disability on periodontal status, patients
with MS were divided into two groups according to their EDSS
scores (cut-off value of 3.5) (29) and disease duration (S5 years
and >5 years). Socio-demographic group features were the same,
except that the group with an EDSS score of 23.5 had a higher
average age and were both brushing their teeth and smoking less
(P < 0.050) (Table 5). Though the distribution of periodontal
stages was not different between groups, periodontal examination
findings were more severe in patients with MS with high disability
factors (PI, GI, BOP%, CAL, PD, number of teeth, and DMFT).
CALs were significantly higher in patients with MS with longer
disease duration (P = 0.019). In salivary parameters, MPO
levels were significantly higher in those with high EDSS scores
and longer disease durations, while TAOC levels were higher in
patients with MS that had longer disease durations (P < 0.050)
(Table 5). Neither clinical dental nor laboratory parameters
changed according to the disease-modifying drugs the patients
with MS were using.

As a result of the logistic regression analysis performed to
determine the periodontal parameters affecting MS, the effects of
TAOC, TOS, and NLR on the participants’ probability of having
MS were found to be statistically significant. TAOC values were
found to negatively affect MS, while TOS and NLR were found to

Table 2. Periodontal and salivary parameters and serum NLR in the groups*

Groups RRMS (n = 82) PMS (n = 10) *P MS (n = 92) Control (n = 92) *xp
Periodontal parameters

PD (mm) 2.67 £ 0.85 358 + 1.18 0.039 2.76 + 0.93 2.80 + 0.84 0.780
CAL (mm) 251 £ 2.22 5.03 £ 2.81 0.034 2.78 £ 2.41 2.83 £ 2.23 0.883
PI 1.36 + 0.32 1.66 = 0.47 0.044 1.39 = 0.35 1.39 + 0.31 0.922
GI 1.27 £ 0.25 1.42 + 0.33 0.301 1.28 + 0.26 1.30 £ 0.24 0.706
BOP% 18.08 £ 17.80 24.50 + 21.76 0.310 19.21 + 18.43 20.19 + 16.07 0.701
Number of teeth 26.24 + 2.32 24.90 + 3.93 0.915 26.10 = 2.55 25.96 = 2.97 0.729
DMFT 5.81 £ 3.25 7.60 + 3.03 0.100 6.00 + 3.26 6.26 + 3.74 0.614
Periodontal status {n (%)}

Healthy 28 (34.1) = 28 (30.4) 26 (28.3)

Gingivitis 9 (11.0) - 9 (9.8%) 4(4.3%)

P-s1 15 (18.3) 3 (30) 18 (19.6%) 16 (17.4%)

P-52 17 (20.7) 2 20) 0.033  19(20.7%) 28 (30.4%) 028
P-§83 13 (15.9) 5 (50) 18 (19.6%) 18 (19.6%)

Salivary parameters

SFR (ml/min) 0.27 £ 0.05 0.22 £ 0.06 0.034 0.27 £ 0.05 0.26 = 0.06 0.377
MPO (ng/mb 897.55 + 778.32 929.49 + 826.79 0.979 901.02 + 779.05 1036.96 + 962.46 0.294
LF (ng/mb 1221.31 + 1319.43 1691.68 + 1430.44  0.771 1231.97 + 1658.41  1054.48 = 1385.87 0.432
TAOC (mmol/D) 0.61 + 0.36 0.65 + 0.24 0.883 0.62 = 0.34 0.72 + 0.21 0.016
TOS (pmol/D 22.23 + 20.30 17.20 £ 12.57 0.240 21.68 = 19.62 17.69 + 14.74 0.120
OSI 0.50 + 1.30 0.35 +0.13 0.498 0.48 = 1.28 0.28 = 0.26 0.147
NLR 2.63 +1.26 251 £ 0.87 0.671 2.62 = 1.23 1.80 + 0.74 0.000
Bold denotes statistical significance at P < 0.050. *After the exclusion of age as a possible confounding factor between MS subgroups. **Values are presented as
meanzstandard deviation except for periodontal status [n (%)]. MS: Multiple sclerosis, PMS: Progressive MS, RRMS: Relapse-remitting MS, PD: Probing depth, CAL:
Clinical attachment level, PI: Plaque index, GI: Gingival index, BOP%: Percentage of bleeding on probing, DMFT: The decayed, missing and filled teeth index, P-S1,2,3:
Periodontitis - stage 1, 2, 3, SFR: The salivary flow rate, MPO: Myeloperoxidase, LF: Lactoferrin, TAOC: Total antioxidant capacity, TOS: Total oxidant status, OSI: The
oxidative stress index, NLR: The neutrophil/lymphocyte ratio
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be positively effective. A one-unit decrease in TAOC was 4.870
times more effective in affecting MS. A one-unit increase in TOS
was 1.024-fold more effective in affecting MS, and a one-unit
increase in NLR was 2.698-fold more effective in affecting MS.
Estimated parameters and odds ratios (OR) were as follows: TAOC
[B=-1.582 = 0.611, P =0.010, OR: 0.206 (1/0.206=4.87), 95%
confidence interval (CI): 0.062—0.681}1; TOS (= 0.024 + 0.010, P
=0.016, OR: 1.024, 95% CI: 1.004-1.044) and NLR (= 0.993
+ 0.211, P = 0.000, OR: 2.698, 95% CI: 1.784-4.081). TAOC

and NLR stood out as strong predictive factors.

Turk J Neurol 2023;29:30-39

Discussion

MS is one of the most disabling diseases in adults. The loss of
dexterity due to motor, sensory, and coordination problems may
hinder patients when carrying out effective oral hygiene, possibly
increasing the probability of oral health problems. Despite
the findings being controversial, some studies reported a high
proportion of chronic periodontitis in patients with MS (30,31).
This study did not observe any differences between patients with
MS and healthy controls regarding periodontal parameters (PD,
CAL, GI, PI, DMFT, and teeth number). However, those with high

Table 3. The intragroup and intergroup comparisons of MPO, LE, TAOC, TOS, OSI, and NLR according to the periodontal

status
Groups MS Control
. F F
Parameters Periodontal status  Mean = SD *p Mean = SD *p **p
Healthy 892.03 + 749.91 738.15 + 905.99 0.498
Gingivitis 804.03 + 518.61 663.08 + 432.27 0.646
0.928 1.225
MPO (ng/mL) P-S1 638.56 + 443.73 0.452 1100.14 + 1024.78 0.306 0.092
P-S2 1044.18 + 1037.85 1247.11 + 973.70 0.498
P-S3 1074.84 + 871.07 1168.61 + 1010.84 0.767
Healthy 995.65 + 1393.34 771.97 + 893.13 0.489
Gingivitis 1075.64 + 1293.50 589.33 + 244.22 0.481
0.327 1.783
LF (ng/mL) P-S1 1545.11 + 1915.89 0.859 1815.48 + 2243.29 0.140 0.707
P-S2 1288.88 + 2194.62 881.52 + 772.59 0.369
P-S3 1304.55 + 1365.01 1158.53 + 1711.83 0.779
Healthy 0.60 + 0.36 0.76 + 0.20 0.059
Gingivitis 0.38 + 0.26 0.45 = 0.11 0.602
TAOC 3.736 2.109
ol L) P-S1 0.54 + 0.35 0.007 0.69 + 0.22 0.086 0.162
P-S2 0.60 + 0.34 0.75 £ 0.21 0.079
P-S3 0.85 + 0.25Y 0.71 £ 0.22 0.086
Healthy 25.96 + 23.66 15.84 + 10.18 0.049
Gingivitis 17.23 £ 8.89 14.66 + 4.74 0.602
TOS (umol/L) P51 1593 & 8.97 0859 15.44 £ 9.7 1.650 0.879
' TOEe 0.492 A= 0.169 ‘
P-S2 21.47 £ 15.07 16.07 + 14.09 0.216
P-S3 23.22 + 27.12 25.55 £ 22.90 0.782
Healthy 0.20 + 1.68 0.23 + 0.17 0.914
Gingivitis 0.72 + 0.61 ¢ 0.33 + 0.08 0.235
1.00: 1.520
OSI P-S1 0.89 + 1.75 0.409 0.28 £ 0.28 0.203 0.177
P-S2 0.56 £ 0.76 0.23 + 0.22 0.037
P-S3 0.28 £ 0.30 0.40 + 0.37 0.300
Healthy 2.36 + 1.20 1.63 £ 0.70 0.009
Gingivitis 2.76 £ 1.89 1.75 + 1.19 0.354
P-S1 291 £ 0.98 0.879 2.01 +£0.77 0.804 0.006
NLR 5
P-S2 2,42 +0.95 0.480 1.89 £ 0.73 0.52 0.038
P-S3 2.86 + 1.37 1.73 + 0.68 0.004
*P: Within-group differences, ** P: Between-group differences, Bold denotes significance at P <0.050. MS: Multiple sclerosis, SD: Standard deviation, P-S1, 2, 3: Periodontitis
- stage 1, 2, 3, MPO: Myeloperoxidase, LF: Lactoferrin, TAOC: Total antioxidant capacity, TOS: Total oxidant status, OSI: The oxidative stress index, NLR: The neutrophil/
lymphocyte ratio
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EDSS scores had fewer teeth, lower tooth brushing frequencies, and
worse periodontal examination findings, supporting the postulate
that as the disability factors increase, oral hygiene practices falter.
Also, those with PMS had worse oral health. Dulamea et al. (32)
showed no relationship between EDSS scores and periodontal
parameters. However, Hatipoglu et al. (29) reported higher PI,
GI, and PD measurements in patients with MS with an EDSS
score >3.5. This study’s findings, consistent with Hatipoglu et al.
(29), also revealed worse periodontal health in those with higher
disability factors. Likewise, DMFT scores varied in different studies
(29,33,34). Kovac et al. (34) and Hatipoglu et al. (29) observed no
differences in DMFT scores between the MS and control groups
and in patients with MS with lower or higher disability factors.
Similar to their results, this study found no differences between
MS and healthy controls, but those with higher disability factors
had significantly higher DMFT scores.

Oral health problems confronted in MS might be multifaceted.
In addition to altered immunological responses and limitations
due to physical findings, medications used to control disease
symptoms might contribute to oral health problems, many of
which cause a change in salivary profiles and increase the risk of oral
diseases. Saliva, with various molecules in its content, including
immunoglobulins and proinflammatory cytokines, forms the first
line of defense against microorganisms and is useful for detecting
certain biomarkers that reflect periodontal health status and some
neurodegenerative and inflammatory diseases (1). Although many
studies extensively evaluated saliva content, they omitted the SFR.
Only one study reported a decreased SFR in MS (35). This study
did not detect any difference in the SFR between MS and healthy
volunteers; moreover, the SFR in patients with MS did not change
with disability and disease duration. However, though weak, the
negative correlation between the SFR and MPO level in healthy
volunteers supported the idea that saliva has a protective role in
oral health.
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Neutrophils, which constitute the first line of defense against
bacterial infection, are the most common inflammatory cells
in the periodontal tissue and gingival pocket in the presence
of periodontitis and are responsible for ROS production (15).
Their roles in MS have also been noted (3). In previous studies,
the association between NLRs and inflammatory diseases,
including MS and periodontitis, has been described, and
different cut-off values have been reported (16,17,18,36). In
this study’s sample, though not significant, the NLR tended
to increase in both groups as the severity of periodontitis
increased. However, NLRs were significantly higher in the
MS group, which might reflect the inflammation underlying
MS pathogenesis. The tendency of the NLR to rise in healthy
volunteers might imply that periodontal inflammation
contributes to the systemic one or vice versa. Nevertheless,
NLRs being lower in the periodontally healthy individuals
than in those with gingivitis and periodontitis in both the MS
and control groups might imply that periodontitis contributes
to systemic inflammation.

MPO, a neutrophil activation marker that increases in the
presence of inflammation, is considered to contribute to disease
pathogenesis by tuning adaptive immune responses and/or
inducing vascular permeability (9). Elevated MPO levels in serum
and increased MPO activity in active demyelination areas have been
found in patients with MS (5,11). Higher salivary MPO activity in
periodontitis has also been reported in these patients (10,37). This
study did not observe any significant differences in MPO levels
regarding periodontal status between the patients with MS and
healthy controls. MPO levels tended to increase with the severity
of periodontitis, and the significant correlations between MPO
levels and PDs and CALs in both groups supported the concept
of the role of MPO activity in periodontitis. Minohara et al. (5)
reported no significant relationship between high serum MPO
levels and MS disease duration. In this study, the patients with

Table 4. Significant correlations

Groups MS Control
Correlations r 14 r 14
MPO-PD 0.224 0.032 MPO-PD 0.236 0.024
MPO-CAL 0.255 0.014 MPO-CAL 0.202 0.027
TAOC-PD 0.214 0.040 TOS-PD 0.219 0.036
TAOC-CAL 0.399 0.000 TOS-CAL 0.190 0.035
MPO-number of teeth —-0.303 0.003 TOS-number of teeth -0.309 0.003
TAOC-number of teeth -0.317 0.002 OSI-number of teeth -0.251 0.016
MPO-TOS 0.217 0.038 LF-DMFT 0.229 0.028
TAOC-TOS 0.318 0.002 MPO-SFR —0.248 0.017
TAOC-OSI -0.176 0.047 TAOC-LF —0.217 0.037
MPO-disease duration 0.333 0.001 LF-OSI 0.312 0.002
MPO-EDSS 0.213 0.041 TAOC-OSI -0.421 0.000

NLR-GI 0.209 0.045

NLR-BOP% 0.210 0.044
Statistically significant at P< 0.050. MS: Multiple sclerosis, PD: Probing depth, CAL: Clinical attachment level, GI: Gingival index, BOP%: Percentage of bleeding on probing,
DMFT: The decayed, missing, and filled teeth index, SFR: Salivary flow rate, MPO: Myeloperoxidase, LF: Lactoferrin, TAOC: Total antioxidant capacity, TOS: Total oxidant
status, OSI: The oxidative stress index, NLR: The neutrophil/lymphocyte ratio
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Table 5. Socio-demographic, periodontal, and salivary parameters and NLR according to EDSS score and MS age

EDSS Disease duration (yrs)
Groups <3.5 >3.5 P <5 >5 P
Parameters (n=70) (n = 22) (n = 53) (n =39)
Socio-demographics
Age 34.16 + 8.77 44.55 + 8.39 0.000 34.19 £ 9.70 35.27 + 8.81 0.074
Gender (n) (male/female) 23/47 9/13 0.489 20/33 12/27 0.488
Education (n)
Primary school 19 10 14 15
High school 19 3 0.208 16 6 0.209
University 32 9 23 18
Income (TL/month) (n)
<2,000 10 7 8 9
2,000-5,000 55 14 0.178 41 28 0.586
>5,000 5 1 4 2
Smoking (cigarette/day) (n)
None 53 11 37 27
<10 3 0 0.018 3 0 0.282
10-20 14 11 13 12
Tooth brushing (n)
<1/day 8 9 8 9
1/day 29 7 0.007 19 17 0.297
>2/day 33 6 26 13
Periodontal parameters
Periodontal status (n)
Healthy 23 5 16 12
Gingivitis 8 1 8 1
P-S1 14 4 0.226 11 7 0.270
P-S2 15 4 10 9
P-S3 10 8 8 10
PD (mm) 2.58 + 0.74 3.33 £ 1.23 0.001 2.74 + 0.96 2.81 £ 0.89 0.720
CAL (mm) 2.18 £ 2.03 4.68 + 2.58 0.000 2.28 + 2.33 3.47 + 2.38 0.019
PI 1.32 + 0.25 1.62 + 0.50 0.000 1.40 + 0.37 1.39 + 0.32 0.900
GI 1.24 £ 0.22 1.43 + 0.34 0.002 1.29 + 0.27 1.27 £0.26 0.630
BOP% 15.78 + 14.43 30.12 + 24.97 0.001 19.95 £ 19.35 22.20 £ 17.30 0.655
Number of teeth 26.63 + 1.96 24.41 £ 3.42 0.000 20.55 + 2.01 25.49  3.07 0.082
DMFT 5.29 £ 3.08 8.27 + 2.76 0.000 5.82 + 2.86 6.92 + 3.56 0.079
Salivary parameters
SFR (ml/min) 0.27 £ 0.05 0.26 + 0.05 0.492 0.27 = 0.05 0.26 + 0.05 0.643
MPO (ng/ml) 808.46 + 705.28 1195.51 + 936.06 0.041 730.63 + 457.48 1132.58 + 1035.14 0.014
LF (ng/ml) 124591 + 1744.26  1187.62 + 1385.18 0.887 1171.30 + 1632.83 1314.42 + 1710.49 0.685
TAOC (mmol/]) 0.58 + 0.34 0.73 £ 0.33 0.078 0.55 + 0.33 0.71 + 0.34 0.024
TOS (pmol/D 20.98 + 17.53 23.92 + 25.54 0.543 19.77 £ 15.12 24.28 + 24.43 0.279
OSI 0.51 + 1.46 0.37 = 0.35 0.666 0.51 + 1.64 0.44 + 0.49 0.809
NLR 2.65 £ 1.32 2.50 £ 0.88 0.628 2.56 £ 1.25 2.69 £ 1.21 0.624
Bold denotes significance at P < 0.050. Socio-demographics are presented as n, except age. Age, periodontal and salivary parameters, and NLRs are shown as mean +
standard deviation. EDSS: Expanded Disability Status Scale, MS: Multiple sclerosis, P-S1, 2, 3: Periodontitis - stage 1, 2, 3, PD: Probing depth, CAL: Clinical attachment
level, PI: Plaque index, GI: Gingival index, BOP %: Percentage of bleeding in probing, DMFT: The decayed, missing, and filled teeth index, SFR: Saliva flow rate, MPO:
Myeloperoxidase, LF: Lactoferrin, TAOC: Total antioxidant capacity, TOS: Total oxidant status, OSI: The oxidative stress index, NLR: The neutrophil/lymphocyte ratio
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MS with longer disease durations and greater disability factors had
significantly higher salivary MPO levels. Increased MPO levels
might have been a contributing factor to worse oral health in this
group of patients.

LE one of the major antimicrobial peptides in saliva, is a
unique glycoprotein controlling and ameliorating oxidative
cell injury and bridging innate and adaptive immune function,
thereby protecting against microbial infections and preventing
systemic inflammation (12). A possible protective role of LF
has been implied, where it contributes to the pathogenesis and
severity of chronic inflammatory and neurodegenerative diseases
(13). It has been demonstrated to attenuate inflammatory changes
by regulating cytokine profiles with an immune deviation
to Thelper2 lymphocytes and provide clinical improvement
in experimental autoimmune encephalomyelitis models and
patients with MS (12). A rise in LF levels in saliva has been
reported in chronic periodontitis (38). In terms of periodontal
status, this study observed higher LF levels in the patients
with MS than the controls, though not significantly. A positive
relationship between LF levels and DMFT scores in healthy
volunteers is consistent with Sikorska et al.’s findings (14). In
healthy volunteers, the LF levels correlated positively with OSI
levels and negatively with TAOC levels. These relationships
between LF levels and TAOC and OSI levels suggest LF increases
are secondary to inflammation. The high LF levels in patients
with MS might also reflect a more inflammatory milieu in MS.
To date, there has been no study evaluating salivary LF levels in
MS, except one demonstrating the improvement of clinical status
with a profound decrease of interferon-gamma and increase of
interleukin-10 secretion after oral LF treatment, supporting the
theory of LF’s anti-inflammatory properties (12).

Oxidant and antioxidant markers play an important role in
the pathophysiology of MS (6). Compared with healthy subjects,
patients with MS have lower TAOC levels (4) and higher TOS and
OSl levels (6). Studies have reported a negative relationship between
salivary TAOC levels and periodontitis severity, and TOS and OSI
levels increase in saliva in the presence of periodontitis (1,39).
However, Zhang et al. (39) noted no significant difference in TOS
levels between individuals with periodontitis and periodontally
healthy controls. In this study, when the MS and control groups
were compared, the mean TAOC level was significantly lower in
patients with MS. Though patients with MS had higher mean
TOS and OSI levels than the control group, the findings were
not statistically significant. There were no significant differences
between the groups in the same periodontal status. However, the
positive correlations between TAOC levels and PDs and CALs
might suggest that oxidative stress associated with increasing
severities of periodontal disease indicates an attempt to balance
using antioxidants.

All the patients with MS in this sample were taking
immunomodulatory drugs. In addition to their suf generis efficacy
and safety profiles, these drugs induce unique constellations of
immune deviations towards an anti-inflammatory phenotype in
targeted brain tissue and the peripheral immune system (40).
The detection of elevated salivary MPO levels, decreased salivary
TAOC levels, and high NLRs in patients with MS point to a
salient ongoing systemic inflammation despite changed immune
surveillance.
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Conclusion

This was a cross-sectional case-control study, and strict criteria
were applied for case selection. Moreover, the control group was
selected among systemically healthy subjects and strictly matched
for age and gender with patients with MS. All comparisons
were made according to periodontal status, in conformity with
the recent periodontal disease classification (25). All these were
strengths of this study. However, it is noteworthy to state some
limitations. Most patients with MS had RRMS, and those with
PMS only comprised about ten percent of the MS population.
However, this is an issue in all MS studies. Another confounding
issue is that most patients were taking disease-modifying drugs
with anti-inflammatory properties, some of which might have
immunomodulatory effects on oral and periodontal tissues (40).
Longitudinal studies with larger populations of naive patients
with MS will help to understand the mutual effects MS and
periodontal disease have on each other. Thus, maintaining oral
and periodontal health in patients with MS could help increase
their life quality and control MS progression by preventing
systemic inflammatory burdens and oxidative stresses that oral
diseases may cause.
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