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Abstract

Purpose: The aim of this study was to investigate the
relationship  between neutrophil-to-lymphocyte  ratio
(NLR), an inflimmation marker, and nonmotor
symptoms, such as fatigue, sleep disturbances, and overall
quality of life, in Parkinson’s disease (PD).

Materials and Methods: This study included 60 patients
diagnosed with PD (17 female and 43 male). Fatigue was
assessed using the Parkinson’s Disease Fatigue Scale (PFS-
106), sleep quality using the Parkinson’s Disease Sleep Scale
(PDSS), and quality of life using the Parkinson’s Disease
Questionnaire-8 (PDQ-8). Neutrophil and lymphocyte
counts were extracted from the complete blood count
results, and the NLR was calculated.

Results: A moderate, negative correlation was observed
between fatigue and sleep quality; a moderate, positive
correlation was observed between quality of life, motor
rating, and disease staging; a moderate, negative correlation
was observed between sleep quality and quality of life; a
weak, negative correlation was observed between sleep
quality, motor rating, and disease staging; and a weak,
positive correlation was found between quality of life,
motor rating, and disease staging. No significant
relationship was observed between NLR and nonmotor
symptoms in PD.

Conclusion: Further prospective studies with larger
samples or case—control designs are warranted to explore
the potential clinical utility of a simple, cost-effective
biomarker, such as NLR, in assessing PD symptoms and
disease progression.

Keywords: Parkinson’s disease, fatigue, sleep disorders,
quality of life, neutrophil-to-lymphocyte ratio.

Oz

Amag: Bu calismanin amaci bir inflamasyon belirteci olan
notrofil/lenfosit orant (NLR) ile Parkinson Hastaliginda
(PH) yorgunluk, uyku ve yasam kalitesi arasindaki iligkiyi
aragtirmaktir.

Gereg ve Yontem: Arastirma Orneklemimiz PH tanist
konmus toplam 60 hastadan (17 kadin, 43 erkek)
olusmaktadir. Yorgunluk Parkinson Hastaligi Yorgunluk
Olgegi (PFS-16), uyku kalitesi Parkinson Hastaligi Uyku
Olgegi (PDSS) ve yasam kalitesi Parkinson Hastaligt
Anketi-8 (PDQ-8) ile degerlendirilmistir. Notrofil ve
lenfosit sayilart hemogram testi ile elde edilmis ve
oranlanarak hesaplanmustir.

Bulgular: PH hastalarinda yorgunluk ile uyku kalitesi
arasinda anlaml, negatif ve orta diizeyde; yasam kalitesi,
motor derecelendirme ve hastaltk evrelemesi arasinda
porzitif ve orta diizeyde; uyku kalitesi ile yagam kalitesi
arasinda negatif ve orta diizeyde; uyku kalitesi ile motor
derecelendirme ve hastalik evrelemesi arasinda negatif ve
zayif dizeyde; yasam kalitesi ile motor derecelendirme ve
hastalik evrelemesi arasinda pozitif ve zayif diizeyde
korelasyon bulunmugtur. Non-motor semptomlar ile NLR
arasinda iliski bulunmamustir.

Sonug: NLR gibi basit, ucuz bir biyobelirtecin PH takibi
baglaminda potansiyel klinik avantajlarin1 ve bu tir
biyobelirteglerin hastalik semptomlart tizerindeki etkisini
belirlemek i¢in ¢ok daha biyiik bir kohort veya vaka-
kontrol igeren daha ileri prospektif ¢alismalar yol gosterici
olabilir.

Anahtar kelimeler: Parkinson Hastaligi, yorgunluk, uyku
bozukluklari, yasam kalitesi, notrofil/lenfosit orant.
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INTRODUCTION

Parkinson’s  disease (PD) is a progressive
neurodegenerative disorder characterized by the
chronic loss of dopaminergic neurons in the
substantia nigra pars compacta'. PD is also classified
as an autonomic motor disease with multisystem
involvement, as neurodegeneration often begins
within the peripheral autonomic system? PD is the
second most common neurodegenerative disease
after Alzheimer’s disease, affecting approximately 7—
10 million individuals worldwide?.

The primary symptoms of PD affect motor function,
typically manifesting as rigidity, bradykinesia,
tremors, and postural instability!3. Although PD is
conventionally regarded as a movement disorder, it is
a complex, multisystem disease characterized by both
motor and nonmotor symptoms* Studies have
indicated that 98% of individuals diagnosed with PD
experience at least one nonmotor symptom?. Fatigue
and sleep disorders are among the most commonly
reported symptoms*>. Nonmotor symptoms are
often under-reported by patients and caregivers, who
may perceive them as inadequately recognized or
addressed by healthcare providers®, leading to
reduced quality of life.

Literature review revealed a notable imbalance in
between motor
symptoms. Motor symptoms have been extensively
studied, whereas nonmotor symptoms have received
less attention. Despite evidence showing that
nonmotor symptoms have a greater effect on quality
of life than motor symptoms, the role of
inflaimmatory markers in predicting these symptoms

clinical focus and nonmotor

remains controversial®.

Recent studies indicate that inflammation contributes
to the pathogenesis and clinical manifestations of
PD78. Specifically, inflammation is a pathological
finding of PD originating from activated microglial
cells that proliferate in response to cellular loss in the
substantia nigra. Activated microglia produce reactive
oxygen and nitrogen species, leading to increased
oxidative  stress®!.  Acute inflimmation is
characterized by the migration of neutrophils,
macrophages, cytokines, and chemokines to the
affected site, whereas chronic inflammation involves
macrophages, lymphocytes, and plasma cell
infiltration!!. The neutrophil-to-lymphocyte ratio
(NLR) is a marker of peripheral inflammation. NLR
is a biomarker derived from complete blood count. It
is commonly wused to indicate peripheral
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inflaimmation and reflects the balance between
immunity and systemic inflaimmation. Emerging
evidence links NLR to neurological and systemic
diseases, including PD!>14,

Thus, we hypothesized that an elevated NLR may be
associated with an increased prevalence of nonmotor
symptoms in patients with PD. Although several
recent studies have examined the relationship
between NLR and PD, the association between NLR
and nonmotor symptoms in PD  remains
underexplored. Thus, this study aimed to assess the
effect of PD-related inflaimmation the
development of nonmotor symptoms.

on

MATERIALS AND METHODS

Sample

This prospective, single-center study included 60
patients with PD who were followed up at the
Department  of Neurology of Nigde Omer
Halisdemir University Training and Research
Hospital. Patients eligible for inclusion were aged
>50 years, attended the Nigde Omer Halisdemir
Training and Research Hospital Neurology
Outpatient Clinic, consented to participate, had a PD
diagnosis based on the United Kingdom Parkinson’s
Disease Society Brain Bank Diagnostic Criteria,
achieved a Mini-Mental State Examination (MMSE)
score >24, and were classified as MHYS grade <3.
The exclusion criteria were coexisting neurological
diseases, severe musculoskeletal conditions, active
inflammatory or infectious diseases, lower extremity
vascular pathology, or uncooperative behavior. Seven
patients were excluded because of MMSE scores
<24, six patients had MHYS scores exceeding grade
3, and five lacked current hemogram data.

Procedure

All procedures followed were in accordance with the
ethical standards of the responsible human
experimentation committee and the Helsinki
Declaration of 1975, as revised in 2008. The study
was approved by the Nigde Omer Halisdemir
University Faculty of Medicine Non-Interventional
Clinical Research Ethics Committee on December
22,2022 (No. 2022-107), and informed consent was
obtained from all participants.

NLR values were derived from hemogram tests
performed within the past month for individuals
diagnosed with PD. The study used a demographic
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information form to capture descriptive data (e.g.,
age, height, and disease duration) as well as the
Modified Hoehn—Yahr Scale (MHYS)!> and the
Unified Parkinson’s Disease Rating Scale (UPDRS)!>
for disease staging. Fatigue, sleep quality, and overall
quality of life were assessed using the Parkinson’s
Disease Fatigue Scale (PFS-16)!6, Parkinson’s Disease
Sleep Scale (PDSS)'7, and Parkinson’s Disease
Questionnaire-8 (PDQ-8)'8, respectively. A specialist
neurologist conducted the demographic assessments,
MHYS, and UPDRS staging, and the evaluation of
nonmotor symptoms was completed by specialist
physiotherapists.

Measures

Demographic and clinical data form

Patient ~ demographic characteristics

documented using a demographic and clinical data

were

form, which recorded protocol number, age, gender,
height, weight, and body mass index (BMI). BMI was
calculated using the formula weight/height? (kg/m?).
Additional information on participants’ educational
and marital statuses, which could affect evaluated
parameters, was also recorded. Anamnesis included
disease history, and

disease duration, current

medications.
Modified Hoehn—Yahr Scale

The MHYS, developed by Margaret Hoehn and
Melvin Yahr in 1967, rates PD progression, with
scores ranging from 0 to 5.

Unified Parkinson’s Disease Rating Scale

The UPDRS was used to assess motor function,
mental and emotional state, daily life activities, motor
fluctuations, dyskinesias, and autonomic dysfunction
in patients with PD. It comprises four subscales with
up to 55 items if extremities are assessed individually.
Subscale 1 assesses the nonmotor symptoms such as
thought, behavior, and emotion; subscale 2 assesses
daily life activities; subscale 3 assesses motor
functions; and subscale 4 assesses treatment
complications. For this study, only section 3 on
motor functions was assessed!>.

Parkinson’s Disease Fatigue Scale

Fatigue, a prevalent nonmotor symptom in PD, was
assessed using the PFS-16. Developed by Brown et
al,, this is the only fatigue scale specific to PD,
consisting of 16 items to evaluate the physical impact
of fatigue. Of these, seven items measure the
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presence of fatigue, while nine assess its impact on
daily life'S.

Parkinson’s Disease Sleep Scale

The PDSS was used to evaluate participants'
nighttime sleep quality. This 15-item scale covers
various aspects, including overall sleep quality, sleep
onset and maintenance difficulties, night restlessness,
nocturnal psychosis, nocturia, nocturnal motor
symptoms, restfulness of sleep, and daytime naps.
Participants rated each item on a 10-point scale
ranging from O (severe complaints) and 10 (no
complaints)!7.

Parkinson’s Disease Questionnaire-8

Participants’ quality of life was assessed using the
PDQ-8. Participants selected the option that best
matched their condition from four options, with
scores ranging from 0 to 4 per item. Higher PDQ-8
scores indicated poorer quality of life!S.

Laboratory analysis

Hemogram analysis was performed using a Sysmex
XN 1000 analyzer (Sysmex Corp., Kobe, Japan) on
EDTA (Gteiner Tube 3-mL K2 EDTA)-treated
blood samples. Fluorescence flow cytometry was
used to identify leukocyte subpopulations based on
size, diffuse light, and fluorescence uptake, which
reflects intracellular genetic material’®. Impedance
and hydrodynamic focusing were used to count red
blood cells and platelets?®, and neutrophil and
lymphocyte counts were recorded.

Statistical analysis

The study power was calculated using the G* Power
3.1 statistical analysis (Erdfelder, Foul & Buchner,
Dissseldorf, Germany). The sample size was
determined as 61 participants with an effect size of
0.35, a significance level of 0.05, and a power (1—f)
of 0.80 at the 80% confidence level. Post hoc analysis
results showed an effect size of 0.696, a significance
level of 0.05, and a confidence level of 99% for the
relationship analysis between sleep and quality of life
in 60 individuals diagnosed with PD.

Statistical analyses were conducted using Statistical
Product and Service Solutions for Windows, Version
26.0 (SPSS 26.0, IBM Corp., Armonk, New York).
Normality was assessed via visual (histogram and
probability  plots) and  analytical methods

(Kolmogorov—Smirnov, skewness-kurtosis value,
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and coefficient of variation). Continuous variables
were presented as meantstandard deviation (X£SD),
median, and interquartile range. Categorical variables
were presented as numbers (n) and percentages (%0).
Relationships among fatigue, sleep quality, quality of
life, and NLR investigated were analyzed using
Pearson’s correlation analysis, with correlation
coefficients defined by Cohen’s coefficient: 0.00—
0.25=very weak, 0.26-0.49=weak, 0.50—
0.09=moderate,  0.70-0.89=high, and  0.90-
1.00=very high-level correlation. Data were evaluated
at a 95% confidence interval, with significance set at

p<0.05.
RESULTS

As shown in Table 1, the mean age of patients (17
[28.3%] female and 43 [71.7%] male) was 70.80
(range: 53—87) years. The mean disease duration was
3.23 (range: 1-16) years. Regarding assistive devices,
11 (18.3%) patients used hearing aids, 22 (36.7%)

Table 1. Descriptive characteristics of participants.

Neutrophil/lymphocyte ratio in parkinson’s disease
P ymphocy p

used glasses, and 13 (21.7%) used a cane. Regarding
MHYS staging, 11 (18.3%) patients were in Stage 1,
15 (25%) in Stage 1.5, 24 (40%) in Stage 2, 1 (1.66%)
in Stage 2.5, and 9 (15%) Stage 3. The dominant
extremity was the right in 59 (98.33%) patients, with
symptom onset in the right extremity among 42
(68.9%). Tremors were present in the upper
extremity among 55 (91.66%) patients, in the lower
extremity among 3 (5%), and absent among 2 (3.3%).
In addition, 23 (38.33%) patients reported falls in the
past year.

The patients’ mean MMSE score was 25.55%+1.52,
and the mean PDSS score was 95.97232.11. The
mean PFS-16 scores were 9.16+5.4 (when scores of
1, 2, and 3 were considered 0 and scores of 4 and 5
were considered 1) and 3.36%1.07 (when scores were
summed and divided by 16). The mean PDQ-8 score
was 31.5222.29 (range: 0-87.5), the mean UPDRS-
motor score was 26.45110.67, and the mean NLR
was 2.10%0.88.

Variables Parkinson’s Disease (n:60)
n (%)

Gender (Female/male) 17/43 (28.3/71.7)
Dominant limb (Right/left) 59/1 (98.3/1.7)
Marital status (Married/single) 44/16 (73.3/26.7)
Hearing aid (Yes/no) 11/49 (18.3/81.7)
Glasses (Yes/no) 22/38 (36.7/63.3)
Walking aid (Yes/no) 13/47 (21.7/78.3)

MeantSD Median (IQR)
Age (years) 70.80£8.57 71.50 (12)
Height (cm) 165.7819.04 167 (12
Weight (kg) 75.47£12.61 73.50 (14)
BMI (kg/m?) 27.571£4.98 26.96 (5.93)
Disease duration (years) 3.2313.21 24
MMSE 25.55%1.52 25 (2.5)
UPDRS-motor 26.45%10.67 25.50 (15.5)
MHYS 1.8520.62 2(0.5)
Neutrophil count 4.45+1.27 4.31 (1.72)
Lymphocyte count 2.46%1.34 2.08 (0.93)
NLR 2.10£0.88 1.89 (0.95)
PFS-16 3.36+1.07 3.31 (1.81)
PDSS 95.97£32.11 98.50 (49)
PDQ-8 31.35£22.29 31.25 (35.94)

BMI: Body Mass Index, MMSE: Mini-mental state examination, UPDRS-motor: Unified Parkinson's Disease Rating Scale-motor, MHYS:
Modified Hoehn Yahr Scale, NLR: neutrophil-to-lymphocyte ratio, PFS-16: Parkinson's Disease Fatigue Scale-16, PDSS: Parkinson's

Disease Sleep Scale, PDQ-8: The Parkinson’s Disease Questionnaire-8.

There was a moderate negative correlation between
PDSS scores and both PDQ-8 (r: -0.642) and PFS-16
(r: -0.677) scores. A significant positive correlation

was found between PDQ-8 and PFS-16 scores (t:
0.674). Increased UPDRS-motor scores and MHYS
stage were associated with higher levels of sleep
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disturbance and fatigue and lower quality of life. In
contrast, there was no significant relationship
between NLR and any of the parameters studied,
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including sleep quality, fatigue, and quality of life
(Table 2 and Figure 1).

Table 2. Relationship between NLR and fatigue, sleep and quality of life in patients with Parkinson's disease

Variables NLR PFS-16 PDSS PDQ-8 UPDRS MHYE Duration
NLR p
r 1.000
PFS-16 p 0.895
r -0.017 1.000
PDSS p 0.426 <0.001*
r 0.105 -0.677 1.000
PDQ-8 p 0.945 <0.001* <0.001*
r -0.009 0.674 -0.642 1.000
UPDRS p 0.799 <0.001* <0.001* <0.001*
r 0.034 0.508 -0.440 0.462 1.000
MHYS p 0.639 <0.001* 0.003* <0.001* <0.001*
r 0.062 0.529 -0.376 0.440 0.710 1.000
Duration p 0.899 0.638 0.963 0.242 0.850 0.742
r 0.017 -0.062 -0.006 0.153 -0.025 0.043 1.000

NLR: neutrophil-to-lymphocyte ratio, PFS-16: Parkinson's Disease Fatigue Scale-16, PDSS: Parkinson's Disease Sleep Scale, PDQ-8: The
Parkinson’s Disease Questionnaire-8, UPDRS: Unified Parkinson's Disease Rating Scale, MHYS: Modified Hoehn Yahr Scale, p:Pearson’s

analysis, 1: Pearson’s correlation coefficient, *:p<0.05
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Figure 1. The relationship between NLR and fatigue, sleep and quality of life in patients with Parkinson's

disease.

DISCUSSION

A total of 60 individuals with idiopathic PD were
included in our study. The NLR values were obtained

from routine blood samples from all patients.
920

Nonmotor symptoms such as fatigue, sleep
disturbances, and quality of life were evaluated using
PFS-16, PDSS, and PDQ-8, respectively. Our
findings indicated no relationship between NLR, a
peripheral inflammatory marker, and fatigue, sleep,
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and quality of life, which are nonmotor symptoms of
PD.

Recent studies have indicated that NLR, an
inflammatory matker, may be relevant in PD®?.
Previous studies have reported a possible link
between peripheral inflaimmation and PD, with
elevated proinflammatory serum cytokine levels
associated with disease progression. However, the
specific mechanisms remain unclear?2%, NLR is
considered a reliable indicator of peripheral immune
dysregulation and inflaimmation. A meta-analysis
found that in patients with PD, lymphocytes, which
support protective immune functions, tend to
decrease, whereas neutrophils, which are involved in
inflaimmation, increase, resulting in a higher NLR?.
Nevertheless, some studies reported no significant
difference in NLR between patients with PD and
healthy individuals?!-?6. Solmaz et al. observed a weak
relationship between NLR and both disease stage and
duration, whereas another study found no
relationship with disease severity or duration®>?’.
Opverall, the relationship between NLR and PD
remains ambiguous, with conflicting results in the
literature.

A review indicated that inflammation may contribute
to the development of nonmotor symptoms?.
Recent studies have shifted the focus from motor
symptoms, such as bradykinesia, tremor, rigidity, and
postural instability, to nonmotor symptoms, such as
fatigue, sleep disturbance, depression, cognitive
impairment, and  autonomic  dysregulation®.
However, only few studies have examined the
relationship between nonmotor symptoms and
inflammatory markers in PD. Kara et al. reported that
NLR is a significant marker of peripheral
inflaimmation in PD and is potentially useful for
detecting nonmotor symptoms®. Another study
found an association between depression, anxiety,
and fatigue in patients with PD and elevated serum
inflammatory cytokines®. Fatigue is a prevalent
nonmotor symptom in patients with PD that
significantly affects daily activity performance.
Although the mechanisms underlying fatigue are not
fully  explained, low-grade but  persistent
neuroinflaimmation has been suggested as a
contributor?!. Fatigue in PD may be closely linked to
proinflammatory  cytokine levels and other
inflaimmatory markers, such as intetleukin-6 (IL-06),
tumor necrosis factor-alpha (TNF-a), and NLR®,

Sleep disorders affect up to 80% of patients with
PD3, with issues including insomnia, rapid eye
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movement sleep behavior disorder, excessive daytime
sleepiness, and sleep-disordered breathing at night.
Despite its high prevalence, up to 30%-40% of
patients with PD do not report sleep issues to
healthcare providers*>3+. Studies have indicated that
sleep disturbance can independently reduce quality of
life among patients with PD3. Previous studies have
linked inflammatory markers such as I1L-1, TNF-a,
and IL-6 to sleep disorders’*7. However, other
studies, including one on patients with PD, found no
correlation between inflammatory cytokines and
sleep™, highlighting the inconsistencies and the need
for further investigation into the relationship
between inflammatory markers and sleep in PD.

Fatigue has been increasingly recognized as one of
the most common and disabling symptoms of PD,
affecting approximately 50% of patients. Studies
indicate that fatigue is persistent in most patients,
with its prevalence increasing over time. Although
neuroinflammation, a pathological hallmark of PD, is
closely associated with fatigue, the underlying
mechanisms remain inadequately understood, and
the inflaimmatory predictors of fatigue in patients
with PD are still debated®.

In a study by Akil et al.??, which included 51 patients
with PD and 50 healthy people, serum inflammatory
markers, such as hs-CRP and NLR, were analyzed.
The results showed that both serum hs-CRP and
NLR levels were significantly elevated in patients
with PD compared with those in healthy controls,
with p-values of <0.01 and <0.001, respectively?2.
Similatly, Wang et al. enrolled 63 patients with PD,
among whom 35 patients had fatigue and 28 patients
did not. They analyzed the relationship between
plasma cytokines and p-a-syn levels and fatigue and
found that patients with PD and fatigue were older,
had longer disease durations, and exhibited more
severe motor symptoms. Additionally, significant
differences were observed in the plasma levels of IL.-
18, IL-18, TNF-«, and phosphorylated a-syn (p-o-
syn) between the two groups. Higher levels of
inflaimmatory cytokines (IL-18, IL-18, and TNF-a)
were positively correlated with fatigue scores®.
Although several studies have shown a correlation
between fatigue and inflammatory markers, our study
did not find such an association. This discrepancy can
be attributed to the early disease stage in our patient
population.

Both motor and nonmotor symptoms are present
from the eatliest stages of PD, although their severity
and impact can vary throughout the duration of the
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disease*#l. In early PD, nonmotor symptoms were
found to be more influential than motor symptoms
in affecting quality of life38. Another study indicated
that the quality of life of both early- and late-stage
patients with PD was most frequently affected by
motor and nonmotor symptoms*2. In our study, we
did not find an association between NLR, an
inflaimmatory marker, and nonmotor symptoms,
including fatigue, sleep quality, and quality of life. We
believe this lack of association may be due to several
factors.

First, no relationship may exist, although this appears
unlikely given that the literature supports a link
between inflammatory markers and the parameters
we examined®’32.  Second, the demographic
characteristics of the patients who participated in our
study might have affected the association. The
relatively early disease stages of our patient cohort,
with average disease duration and MHYS stage lower
than those of patients in other studies, could explain
the lack of correlation. While NLR is generally known
to increase in PD, the average NLR value in our
cohort was 2.17 £ 1.02, with almost all patients
falling within the reference range of 0.78 to 3.53 for
healthy adults®. Finally, we speculate that NLR may
not fully capture the complex immune mechanisms
involved in PD pathogenesis and may be insufficient
to reflect peripheral inflammation.

This study has several limitations. The inclusion of
only patients with eatly- to mid-stage PD and the use
of a single inflammatory biomarker may have limited
the scope of our findings. Additionally, the absence
of a control group and the relatively small patient
sample size are important limitations. Future studies
should consider these factors and include patients at
advanced disease stages. Moreover, NLR should be
evaluated alongside other inflammatory markers may
be beneficial.

In conclusion, this study found no relationship
between NLR, a peripheral inflammatory marker, and
nonmotor symptoms in PD. This may be due to the
low disease stage, short duration, and relatively good
general health of participants who exhibited low NLR
values. Further prospective studies with larger
cohorts or case—control designs may help determine
the clinical utility of simple, inexpensive biomarker,
such as NLR, for PD follow-up and their effect on
disease symptoms.
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