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Abstract

Introduction Alzheimer’s disease (AD), and idiopathic Parkinson’s disease (IPD) are the neurodegenerative diseases of
the central nervous system (CNS). Cognitive impairment is on the forefront in AD. However, IPD is a movement disorder.
Inflammation was suggested to have an effect in the pathophysiology of these two diseases. Neutrophil-lymphocyte ratio
(NLR) was shown to be a possible marker showing the peripheral inflammation. We aimed to investigate the NLR of patiens
with the diagnosis of AD, and IPD, and individuals with no neurodegenerative disease.

Materials and methods A total of 100 patients with the diagnosis of IPD, and 94 with diagnosis of AD, and 61 healthy
controls were included into the study. All the demographic, clinical, and laboratory data were retrospectively obtained from
the hospital automated database system.

Results The NLR in the IPD group was found statistically significantly higher compared with the control group and the AD
group (p <0.001, p=0.04, respectively). The age-adjusted values were statistically analyzed because of age difference. No
statistically significant difference was detected between AD and control groups in terms of NLR (p =0.6). The age-adjusted
NLR value in the Parkinson’s group was found significantly higher compared to the control group (p =0.02) and Alzheimer’s
group (p=0.03).

Discussion Chronic inflammation has an important role in the emergence and progression of the chronic neurodegenerative
diseases of the CNS. Our results show that the inflammation in the peripheral blood in IPD was more significant compared
with the inflammation in AD.
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Introduction

Alzheimer’s disease (AD) is the most common cause of
dementia in the elderly population. AD is a progressive
and neurodegenerative disease (ND) of the central nervous
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accumulation of neurofibrillary tangles [3]. Kinney et al.
suggested in their study that inflammation was also a main
component in AD pathogenesis [4]. Although inflammation
was previously suggested to be only a reaction against the
neuron loss, inflammation has recently been considered as
the main factor in AD pathogenesis. Although the immunity
reaction actually has a neuroprotective effect in the initiating
of the neuropathological process [5, 6], microglia cannot
clean the plaques against the permanence of the amyloid
plaque. This process is the reason of the higher cytokine
secretion. The cytokine secretion results with the migration
of peripheral macrophages to the brain, and thus the inflam-
matory process is started [7]. The unknowns emerging in the
inflammatory process of AD pathogenesis in the patients led
the researchers to monitor the neuroinflammation developing
in brain [8, 9].

Idiopathic Parkinson’s disease (IPD) is the second most
common neurodegenerative movement disorder in the
elderly population presenting with tremor, rigidity, bradyki-
nesia, and postural instability. IPD is a chronic progressive
ND emerging with the loss of the dopaminergic neurons of
the substantia nigra (SN) pars compacta in the midbrain,
and generalized accumulation of the a-synuclein aggregates
[10]. Oxidative stress (OS), proteolytic stress, and inflam-
mation are blamed for the IPD pathogenesis [11]. However,
IPD is not a simple movement disorder originating from the
loss of dopaminergic neurons only in SN, SN was found to
be protected, and motor symptoms were found not to have
developed in the early stages of the disease. This condition
was accepted as an indicator that the neurodegenerative pro-
cess in IPD initiated in the peripheral autonomic nervous
system. Therefore, some researchers evaluate the IPD as a
multisystem involved autonomic motor disease [12].

Inflammation is known to start with the increase of
the serum acute phase reactants, and the tissue damage is
accompanied to this process. The tissue damage results with
the acute, subacute, and chronic inflammation in accord-
ance with the cause of the inflammation, the defense mech-
anism against the factor, and the repaired tissue damage.
The acute inflammation starts rapidly, and the symptoms
period is expressed with days. However, chronic inflamma-
tion may last months, and years. Acute inflammation starts
with the migration of neutrophil, and macrophages to the
inflammation region through cytokines, and chemokines
[13]. Macrophages, lymphocytes, and plasma cell infiltra-
tion are responsible for chronic inflammation. Acute inflam-
mation arises as a result of the migration of neutrophils and
macrophages to the inflammation site through cytokines and
chemokines [14]. An increased neutrophil count is often
associated with inflammation occurrence, progression, and
severity, whereas a decreased lymphocyte count, as part of
the immune regulatory barrier, is associated with the body’s
stress response. Therefore, the neutrophil-lymphocyte ratio
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(NLR), as a combined inflammatory biomarker, integrates
information from the two leukocyte subtypes. In particular,
it avoids the disadvantage of an absolute value of a single
leukocyte subtype, which may be affected by infection or
dehydration, and has higher clinical significance than the
other independent inflammatory biomarkers [15]. So, NLR
is a marker that indicates the peripheral inflammation. It is
calculated by dividing the neutrophil count by the number of
the lymphocytes in the complete blood count. The obtained
ratio combines the information derived from two different
pathways: the neutrophils responsible for the inflamma-
tion in progress, and the lymphocytes representing regula-
tory pathway [16]. The association of NLR with systemic
inflammation and chronic diseases has been demonstrated
in many conducted studies and was suggested to be used as
a biomarker such as the acute phase reactants. Fauzia et al.
detected higher NLR in chronic diseases of hypertension,
and diabetes mellitus in their study [17]. Also, NLR is used
to predict outcomes in patients with coronary artery dis-
ease, and cancer [16]. In addition, complete blood count is
a commonly used, easily accessible, and low-cost laboratory
method that NLR calculation can easily be performed with
the parameters obtained.

Considering the role of inflammation in the pathogen-
esis of AD and IPD, we hypothesized that routine blood
parameters in these two patient groups could have diag-
nostic, and predictive value and may guide the treatment.
The aim of the present study was to investigate the NLR
for detecting the peripheral inflammation in these two NDs
of the CNS.

Material and method

A total of 100 patients with idiopathic Parkinson’s disease
(pwPD) and 94 patients with Alzheimer’s disease (pwAD)
who were followed up in the Neurology outpatient clinic of
Tekirdag Namik Kemal University Training and Research
Hospital (by the authors AU, and BA) were included in the
study. All participants were investigated for the exclusion
criteria for systemic or neurologic diseases. Inflammatory,
autoimmune or neoplastic disease, diabetes mellitus, hypo-
thyroidism, infection, liver or kidney failure, dyslipidemia,
myocardial infarction, and history of surgery in the last
3 months were accepted as the exclusion criteria. Sixty-one
healthy individuals above 60 years examined in the Internal
Medicine outpatient clinic (by the author SPK) who had no
disease that might affect the complete blood count param-
eters were included in the study as the control group.

The study protocol was approved by the Ethics Board
of Tekirdag Namik Kemal University with the reference no
2020.221.09.08.
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All the demographic, neuroimaging, clinical, and labora-
tory data were retrospectively obtained from the hospital
automated database system.

The DSM-IV criteria were used to the diagnosis of AD
[18]. After the cognitive evaluation conducted in accordance
with these criteria, the patients who had the brain magnetic
resonance images were included in the study. The demo-
graphic features, how many years they had dementia symp-
toms, and age of onset were identified. The disease stage was
evaluated using the clinical dementia rating (CDR) score.
CDR scores were evaluated in accordance with the memory,
orientation, judgement, and problem solving, home and hob-
bies, community affairs, and personal care areas. Each area
was scored as “0” (none), “0.5” (questionable), “1” (mild),
“2” (moderate), and “3” (severe). A global CDR score was
found based on the standard CDR protocol with the addition
of scores of each of the six areas [19].

The United Kingdom Parkinson’s Disease Society Brain
Bank clinical diagnostic criteria were used for the diagnosis
of IPD [20]. Individuals who were diagnosed in accordance
with the criteria were included in the IPD group. The demo-
graphic features, disease duration, age of disease onset, and
Hoehn and Yahr (H&Y) stage of the patients were identified.
The H&Y stages of the patients were identified in accord-
ance with their latest history and neurological examination
in course of the admission to the outpatient clinic. H&Y
“1” was accepted as the mild stage in which only unilateral
symptoms were detected, and H&Y “5” was accepted as
the most severe stage in which the patients were wheelchair
dependent or confined to bed [21].

The latest complete blood count data of the patients in
the follow-up were investigated. White blood count (WBC),
neutrophil, lymphocyte, monocyte, platelet (PLT) counts,
and NLR were recorded. The obtained data were statisti-
cally investigated between the pwPD, pwAD, and the control
groups.

Statistical analysis

The PASW Statistics 22 for Windows statistical software
package was used for data transfer, and analysis in the pre-
sent study. The mean, standard deviation, percentage, and
minimum-maximum expressions were used to explain the
variables. The normality distribution of the variables was
evaluated using the Kolmogorov—Smirnov test, and then the
independent quantitative data were analyzed. Student’s T and
Pearson’s Correlation test were used to compare the vari-
ables showing a normal distribution, and the Mann—Whitney
U and Spearman correlation test were used to compare the
variables with non-normal distribution. Analysis of covari-
ance (ANCOVA) was used for age-adjusted analysis to com-
pare the groups. ROC curve analysis was used to determine

the cut-off value for predicting the disease. The p-values
below 0.05 were regarded as statistically significant.

Results
NLR in patients with AD

Fifty-four (57.4%) of 94 pwAD were women, and 40 (42.6%)
were men. The mean age of the group was 74.2+9.6 (49-92)
years. The mean age of onset was 71.7+9.8 years (50-92),
the mean disease duration was 2.7 +2.4 (1-12) years, and
the mean of CDR was 1.5+0.8 (0.5-3).

Thirty (49.2%) of 61 healthy controls were women, and
31 (50.8%) were men, and the mean age was detected as
65.7 +4.6 years. The mean age of the pwAD was statisti-
cally significantly higher compared with the mean age of
the control group (p <0.001).

No statistically significant difference was detected in the
comparison of the mean NLR values of the pwAD and the
control group (p=0.09). There was no difference between
the pwAD, and the control groups in terms of neutrophil
(p=0.1), and lymphocyte (p =0.3) counts. In addition,
no significant difference was detected in the mean WBC,
monocyte, and PLT values in AD patients compared with
the values in the control group (p =0.6, p=0.5, and p=0.7,
respectively).

The age-adjusted values were statistically analyzed
because a statistically significant age difference was detected
between the control and pwAD groups. No statistically sig-
nificant difference was detected between the groups for age-
adjusted NLR (p =0.6), neutrophil (p=0.2), and lymphocyte
(p=0.4) counts. All of the values and analysis results are
presented in Table 1.

We evaluated the association between the age of disease
onset, disease duration, and the disease stage with periph-
eral white blood cell counts in the correlation analysis. A
positive correlation was detected between age and NLR,
and a negative correlation with lymphocyte count. The age
of onset and NLR showed a positive correlation (r=0.2,
p=0.03). A negative correlation was observed between the
age of onset and lymphocyte (r= —0.3, p<0.001), and PLT
(r=-0.2, p=0.03). No association was detected between
the disease duration and stage with the parameters (p > 0.05).
The lymphocyte and PLT counts were getting lower, and
NLR getting higher with the increase of age in pwAD.

NLR in patients with IPD
Fifty-one (51%) of 100 pwPD were women, and 49 (49%)
were men. The mean age was 68.2 +9.3 (39-87) years. The

mean age of onset was 62.5 +10.1 (36-81), the mean disease
duration was 5.6 +4.0 (1-24) years, and the mean H&Y was
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Table 1 The comparison of the mean values of WBC, neutrophil count, lymphocyte count, monocyte count, PLT count, and NLR in AD, IPD,

and control groups

AD IPD Control p-value
AD vs C IPD vs C AD vs IPD

Patient number 94 100 61

WBC count mm?® (mean + SD) 6.6+1.7 6.7+1.6 6.5+1.4 0.6 0.4 0.7
(2.9-10.9) (3.4-11.2) (3.9-10.3)

Neutrophil count mm? (mean + SD) 39+1.3 41+1.3 37+1.0 0.1 0.06 0.4
(1.5-7.1) (1.8-8.4) (1.8-6.3)

Lymphocyte count mm?® (mean + SD) 1.9+0.6 1.8+0.5 2.1+0.6 0.3 0.007* 0.1
(0.6-3.8) (0.4-3.8) 0.94.2)

Monocyte count mm?® (mean = SD) 0.4+0.1 0.4+0.1 0.5+0.2 0.5 0.9 0.6
(0.1-1.2) 0.1-1.2) 0.2-1.9)

Platelet count mm?® (mean + SD) 249.7+73.0 245.7+78.1 243.8+55.5 0.7 0.9 0.7
(127-564) (83-545) (142-428)

NLR 22+1.2 25+1.7 1.9+0.7 0.09 <0.001°* 0.04*
(0.7-8.1) (0.7-17.1) 0.94.7)

“The p-values below 0.05 were regarded as statistically significant

1.9+0.8 (1-4). The mean age of the pwPD was statistically
significantly higher compared with the mean age of the con-
trol group (p=0.01).

In the analysis, the mean NLR value of pwPD was found
statistically higher compared with the mean value of the con-
trol group (p <0.001). The mean lymphocyte count of the
patient group was found statistically significantly lower com-
pared with the control group (p =0.007). No significant dif-
ference was detected in the WBC, neutrophil, monocyte, and
PLT values (p=0.4, p=0.06, p=0.9, and p=0.9, respec-
tively) between the patient and control groups (Table 1).

The age-adjusted NLR value in the Parkinson’s group
(»=0.02) and age-adjusted neutrophil value were statisti-
cally significantly higher in the Parkinson’s group (p =0.02)
compared to control. We found age-adjusted lymphocyte
count statistically lower in the pwPD (p =0.02) (Table 2).

A positive correlation was detected between the age
and NLR (r=0.2, p=0.01), and a negative correlation was
detected with the lymphocyte counts (r= —0.2, p=0.003)

in the pwPD. No association was detected between the age
of onset and all the parameters. The disease duration showed
negative correlation with the WBC (r= —0.2, p=0.005),
neutrophil (r= —0.1, p=0.04), and monocyte (r= —0.2,
p=0.02) counts. The disease stage, and the WBC (r=—0.3,
p=0.001), neutrophil (r=—-0.2, p=0.01), lymphocyte
(r=-0.2, p=0.02), and monocyte (r= —0.3, p<0.001)
counts showed negative correlation.

In the ROC analysis, the NLR cut-off value in pwPD was
found as 1.86 with 70% sensitivity, and 62.3% specificity
(p<0.001) (Fig. 1, Table 3).

Comparison of NLR in the patients with AD and IPD

There was a statistical difference for age between the Alzheimer’s
and Parkinson’s groups (p <0.001). The evaluation of the means
of NLR revealed that the mean of the pwPD was significantly
higher compared with the pwAD (p=0.04). No statistical differ-
ence was detected between the mean values of WBC, neutrophil,

Table 2 The comparison of the age-adjusted values of WBC, neutrophil count, lymphocyte count, monocyte count, PLT count, and NLR in AD,

IPD, and control group

AD Control p-value IPD Control p-value AD IPD p-value
WBC count mm? (mean + SD) 6.7+0.1 64+0.2 0.3 6.7+0.1 6.5+0.2 0.3 6.7+0.1 6.6+0.1 09
Neutrophil count mm? (mean + SD) 3.9+0.1 3.7+0.1 0.2 4.1+0.1 3.7+0.1 0.027* 3.9+0.1 41+0.1 03
Lymphocyte count mm? 2.0+£0.06 1.9+0.080.4 1.8+0.05 2.07+0.070.02%* 2.1+£0.06 1.7+0.06 0.007*

(mean +SD)
04+£0.02 05+0.020.3
253.1+7.2 238.5+9.1 0.2
2.1+0.1 2.0+0.1 0.6

Monocyte count mm® (mean + SD)
Platelet count mm?® (mean + SD)
NLR

04+0.02 05+0.0204
246.4+7.0 242.7+9.0 0.7
2.4+0.1 1.9+0.1 0.023*

0.484+0.01 0.489+0.010.8
2532+79 2423+76 03
2.1+0.1 26+0.1 0.03*

“The p-values below 0.05 were regarded as statistically significant
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Fig. 1 ROC curve analysis of
NLR to predict IPD 1.0 ROC Cu rve
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Table 3 Cut-off value of NLR to predict IPD

AUC (95%) Cut-off p Sensitivity Specificity

(%)

NLR 0.67 (0.58-0.75) 1.86 <0.001 70 62.3

lymphocyte, monocyte, and PLT (p=0.7, p=0.4, p=0.1, p=0.6,
p=0.7, respectively) between the two groups (Table 1).

The age-adjusted NLR value in the Parkinson’s groups
was found significantly higher (p =0.03). The age-adjusted
lymphocyte value in the Parkinson’s groups was significantly
lower (p=0.007). No statistical difference was detected for
WBC (p=0.9), neutrophil (p=0.3), monocyte (p=0.8), and
PLT (p=0.3) between the two groups (Table 2).

Discussion

The studies reporting the important role of chronic inflam-
mation in the emergence and progression of the disease in
chronic NDs of the CNS are currently receiving attention

1 - Specificity

in the literature. Researchers discussed that NLR which is
regarded as a marker demonstrating the peripheral inflam-
mation in chronic diseases might provide data in the disease
course, and treatment response. Inflammation was investi-
gated in details in a group of NDs [22-27]. After conducting
a detailed literature research, we suggested that the compari-
son of the NLR ratios of two NDs might be used as a guide.
Therefore, in this study, we compared the NLR values in
cases diagnosed with IPD, and AD with the healthy control
group. We found that in IPD, the NLR ratio was higher com-
pared with the level in both AD and healthy control groups,
and NLR in IPD might show the peripheral inflammation.
The proinflammatory cytokines in AD were shown in
both CNS and in the periphere, and the presence of a strong
immune response in all processes of the disease was empha-
sized. The impairments emerging in the regulation of Af
peptide are accepted to cause the appearence of this immune
response [28-30]. The comparison of the peripheral leuko-
cytes with the healthy control showed that they increased in
AD, and passed to the CNS through the blood-brain barrier
(BBB), and were accumulated in the neuronal tissue [31].
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However, it has also been discussed that neuroinflammation
occurs only in the late and advanced stages of AD. In par-
ticular, it was thought that glial cell activation accompanied
but did not significantly contribute to amyloid pathology.
CNS microglia, which are responsible for protecting and
reshaping synapses, have been shown to be closely related
to the brain tissue changes in AD. In these tissues, it was
observed that macrophages derived from microglia and
monocytes infiltrating from peripheral blood surrounded
the AP plaques, and when the morphology of parenchymal
microglia was examined, they showed changes in response
to inflammation. In vivo studies have shown that soluble
Ap oligomers and AP fibrils binded to receptors expressed
by microglia and it caused the release of inflammatory fac-
tors such as interleukin-1 (IL-1), IL-6, granulocyte—mac-
rophage colony stimulating factor (GM-CSF), IL-12, IL-23,
and tumor necrosis factor (TNF) in the brain and CSF of
the pwAD [32https://doi.org/10.1038/nrn3880]. In this con-
text, although neuroinflammation is not typically associated
with the onset of AD, it plays an essential role in increas-
ing the severity of the disease by exacerbating Ap and Tau
pathologies [33]. In addition, some studies reported that
the increased mitochondrial OS in the lymphocytes of the
pwAD also caused the progression of the disease [34]. As
a mechanism, it has been suggested that neuroinflammation
in AD triggers mitochondrial stress in neurons by increasing
proinflammatory cytokine concentration in the microenvi-
ronment [35]. Another factor known to be associated with
the prodromal phase of AD is OS [36]. Cell membranes
being rich in polyunsaturated fatty acids and low antioxidant
capacity make neurons more sensitive to OS [37]. OS also
seems to have an important role in the severity and spread of
AD. Indeed, in AD patients, AP has been shown to improve
OS and may be a source of oxygen and nitrogen radicals
[36]. Oxygen radicals can diffuse towards the membrane
and oxidize proteins and nucleic acids, and in particular,
nucleic acid oxidation can cause fatal damage to the cell
[38]. An elevated OS state also disrupts the balance between
pro- and anti-apoptotic processes, leading to apoptosis and
subsequent neurodegeneration [35].

In studies related to NLR, which is a marker of peripheral
inflammation, it was found that NLR was higher [39, 40] in
pwAD compared to the control group, but showed a weak
correlation with neocortical amyloid deposition [41]. We
found no difference in the NLR ratio in the comparison of
AD with the healthy controls in our study and the NLR ratio
increased with the increase of age, and age of disease onset.
This means that the statistics be corrected for age or that
the groups are homogeneous in terms of age is important
for real results.

Anti-inflammatory drugs have shown promising thera-
peutic effects on microglia and inflammation. However, the
BBB severely inhibits drug delivery to microglial cells in
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the CNS. It has been reported that nanoparticles (NPs) that
emerged with the developing technology could be useful
tools for anti-inflammatory drugs throughout the BBB to
inhibit the excessive activation of microglia and neuroin-
flammation. Therefore, NPs with proper biocompatibility
have the potential to be developed as an effective carrier
to help drugs cross the BBB or as a therapeutic agent for
the treatment of neuroinflammation-mediated NDs [42].
According to the results of our study, it should be consid-
ered that the use of peripheral pathways in the struggle
against inflammation may be insufficient in pwAD due to
the peripheral inflammation being background compared
to CSN inflammation. In future studies, it can be thought
that the combination of treatments with NPs will give better
outcomes.

While neuroinflammation is prominent in advanced AD
stages [32], we could not find a study investigating the rela-
tionship between stage and NLR, but there were studies
evaluating NLR in patients with mild cognitive impairment
(MCI) and AD. Analyses of these studies showed that there
was no significant difference in NLR values between these
two groups [41, 43]. In our study, no relationship was found
between disease duration and stage and peripheral inflam-
mation. Due to the short disease duration and early clinical
stage in our AD population, the evolution of pathology in
patients with advanced stages and the effect of peripheral
inflammation-suppressing treatments are subjects waiting to
be supported by new studies.

In fact, in all NDs, inflammatory processes help flush out
toxins and unwanted pathogens, while promoting cytotoxic-
ity and neurodegeneration [44]. IPD is one of these NDs. At
the end of the twentieth century, cytokines and complement
proteins, which are components of the immune system, were
found to be high in the serum, brain, and CSF of pwPD
[45]. Also, an association between inflammation and IPD
was shown with the post mortem, in vivo [46], clinical and
animal modelling [47] studies. The increase of cytokine in
the peripheral blood also has a significant role in the pro-
gression of the IPD [48]. Another part of IPD pathology is
free oxygen radicals, which are heavily generated during
the enzymatic breakdown of dopamine and mitochondrial
degradation [49, 50].

Some studies investigating peripheral inflammation
showed that the increased CRP and fibrinogen levels
were detected in IPD [51], and some studies showed that
the use of NSAID decreased the risk of the development
of sporadic IPD [52]. There are also strongly accepted
studies supporting that the gastrointestinal inflammation
emerging in IPD caused the increase of the proinflam-
matory cytokine levels [53]. In this case, the peripheral
inflammatory reactions emerging associated with the
gastroitestinal system in IPD pathophysiology are highly
accepted.
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The studies conducted about the NLR ratio in IPD were
started in 2015. Akil et al. reported that the NLR levels
of 51 pwPD were higher than the levels in the healthy
control group [10]. The studies demonstrating that the
NLR ratio was higher in IPD [10, 54], however, there
are some studies suggesting the opposite [55]. In addi-
tion, researchers in the studies reported a positive asso-
ciation between the NLR and disease severity in pwPD
[16, 56]. The mean disease duration of the patient group
in our study was 5.6 years, and the mean disease sever-
ity in accordance with the H&Y staging score was 2. We
found no association between the disease stage and dura-
tion with the peripheral inflammation. The decrease of
peripheral blood cell with the increase of disease duration
and severity suggested the increase of CNS inflammation,
and migration of cells to the brain in the IPD pathogen-
esis. Altogether evaluation of these results, we suggest
that peripheral inflammation in IPD was higher compared
with the AD, and therefore it will be more appropriate to
use the treatment on peripheral and CNS inflammation.

In this context, when we look at the studies on the
suppression of inflammation and OS, the antioxidant,
anti-inflammatory, and anti-apoptotic activity of poly-
phenol quercetin, a flavonoid that exhibits the ability to
repair impaired mitochondrial activity, can be suggested
for the theraphy of NDs [57, 58]. In addition, AD, which
has a role in the pathogenesis of oxidative damage, mito-
chondrial dysfunction, and neuroinflammation, can also
modulate and suppress neuroinflammation of the brain
with various approaches, where various phytochemicals
such as curcumin, resveratrol, propolis, polyunsaturated
fatty acids, and ginsenosides can modulate and suppress
the neuroinflammation of the brain, as in IPD. It has been
observed that it reduced infiltration through the BBB, and
leads to neuroprotection by directly penetrating the brain
parenchyma [59]. In treatment studies aimed at reducing
OS, it has been revealed that glabridin reduces serum
cytokine levels such as IL-1p and TNF-a and improves
OS markers [60]. The antioxidant effect of silyamarin,
which is known to be hepatoprotective [61], may be on
the agenda in the treatment of NDs in the future. How-
ever, the clinical use of the mentioned molecules is still
pending and future studies on these molecules are needed.
As a result of our study, while the importance of pass-
ing BBB in AD for the effectiveness of these treatments
has emerged, it can be thought that peripheral application
may be sufficient in IPD.

Limitations
We evaluated the NLR, and white blood cell counts as

a peripheral inflammatory measure in two NDs in our
study. We included the healthy controls aged over 60 years

with no history of chronic disease, and used no drugs;
however, the mean age of the individuals meeting these
criteria was lower. Therefore in analysis, we preferred to
use age-adjusted values. The studies using the age, and
sex-matched control groups, and long time longitudinal
studies and all peripheral inflammatory indicators even
their association with cytokines and OS will enable us to
obtain more concrete evidence.

Conclusion

In IPD, compared to healthy controls, changes in periph-
eral blood cells, increase in NLR, decrease in WBC,
neutrophil, and monocyte counts were detected with the
increase of disease stage. NLR value was not indicative
for the AD group and was found to be unrelated to disease
stage. This result shows that inflammation in peripheral
blood is more significant in IPD than in AD. For the evalu-
ation of these two NDs, the significant value of periph-
eral inflammation in IPD may also be associated with the
detection of non-motor symptoms. However, more ques-
tions have arisen that need to be answered in the future
research. Basic research on the pathological progression
of AD and IPD is also needed. At the same time, according
to the results of our study, it should be kept in mind that
treatment studies for inflammation, mitochondrial damage,
and suppression of OS may differ in IPD, where periph-
eral inflammation is more prominent, and in AD, where
peripheral inflammation is not significant.
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