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Abstract
Objective: Identification of serum C-reactive protein (CRP)/albumin ratio according to disease stage in idiopathic Parkinson’s disease (IPD) with the aim of
collecting data about the role of inflammation and oxidative stress in etiopathogenesis and about CRP/albumin ratio’s possible effects on disease progression.
Materials and Methods: The study was completed with 151 patients being staged according to the Modified Hoehn and Yahr (H&Y) criteria and 150 healthy
volunteers in the same age interval with patients. In our retrospective study, the Unified Parkinson disease rating scale (UPDRS) and H&Y scales were applied to
the patients with IPD diagnosed according to the diagnostic criteria of the “United Kingdom Parkinson Disease Society Brain Bank”. Patient and control groups
had venous blood samples taken for biochemical study after 12-14 hours of fasting.
Results: The serum albumin levels were lower, while serum CRP levels and CRP/albumin ratios were higher in the IPD group (p<0.05) than in the control group.
Serum levels of CRP/albumin ratio significantly increased in parallel with the progression of disease stage (p<0.05).
Conclusion: Our study supports the hypothesis that serum CRP/albumin ratio may be associated with the etiopathogenetic process of IPD as a biomarker of
inflammation and oxidative stress. In order to detect chronic and progressive diseases such as IPD in the initial stages and to take precautions, it is important to
evaluate the changes in easily accessible, cost-effective parameters such as serum CRP/albumin ratio.
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Öz
Amaç: İdiyopatik Parkinson hastalığı (İPH) tanısı olan hastalarda hastalık evresine göre serum C-reaktif protein (CRP)/albümin oranının tespiti ile etiyopatogenezde
enflamasyonun ve oksidatif stresin rolüne ve bu oranın hastalık evresinin ilerlemesi üzerindeki olası etkilerine yönelik veriler toplanması amaçlanmıştır.
Gereç ve Yöntem: Çalışma, modifiye Hoehn ve Yahr (H&Y) kriterlerine göre evrelere ayrılan 151 hasta ve hastalarla aynı yaş aralığında 150 sağlıklı gönüllü
ile gerçekleştirilmiştir. Retrospektif olarak yapılan çalışmamızda, “Birleşik Krallık Parkinson Hastalığı Derneği Beyin Bankası” tanı kriterlerine göre İPH tanısı
konulan hastalara Birleşik Parkinson Hastalığı Değerlendirme Ölçeği ve H&Y ölçekleri uygulanmıştır. Hasta ve kontrol gruplarında 12-14 saat açlıktan sonra
biyokimyasal çalışmalar için venöz kan örnekleri alınmıştır.
Bulgular: İPH grubunda serum albümin seviyelerinin düşük olduğu, serum CRP seviyesi ve CRP/albümin oranlarının yüksek olduğu gözlenmiştir (p<0,05).
CRP/albümin oranının serum seviyelerinin hastalık evrelerindeki ilerlemeye paralel olarak istatistiksel olarak anlamlı düzeyde arttığı tespit edilmiştir (p<0,05).
Sonuç: Çalışmamız, enflamasyon ve oksidatif stresin bir biyobelirteci olarak CRP/albümin oranının İPH etiyopatogenetik sürecinin bir göstergesi olarak
kullanılabileceği hipotezini destekler niteliktedir. İPH gibi kronik, ilerleyici hastalıkların başlangıç evrelerinde tespiti ve önlemler alınabilmesi için, serum CRP/
albümin oranı gibi kolay ulaşılabilir, az maliyetli parametrelerdeki değişikliklerin değerlendirilmesi önemlidir.
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Introduction
Idiopathic Parkinson disease (IPD) is the second most
common neurodegenerative disorder after Alzheimer’s dementia,
which affects approximately 1-2% of the population aged over
60 years. The substrate is characterized by progressive and
chronic dopaminergic neuron loss in the nigra pars compact (1).
Unilateral upper extremity onset, slowdown in fine movements,
stiffness, incompetence/tremor, rigidity, bradykinesia and
postural instability are the main symptoms of the disease. Gait
disturbances, postural changes, speech disorder, dysphagia,
sialorrhea, micrographia, autonomic dysfunction, seborrhea,
disturbance in eye movement, conjunctivitis, pain, sensory
complaints, depression, sleep disturbances, dementia, psychosis,
and rapid eye movement sleep behavior disorder may be present in
IPD (2,3,4). Although the prevalence of the disease varies, it has
been reported as 80.6-187/100,000 in the world and 111/100,000
in Turkey. Although different results have been reported in studies
in various countries, it is known that the incidence of parkinsonism
in general varies from 4.5 to 21/100,000 annually (5).
The etiopathogenesis of selective loss of dopamine neurons
in IPD is still unclear. However, increased evidence suggests
that oxidative stress and inflammation play an important role
in the degeneration of dopaminergic neurons in IPD (6,7).
Cellular stress factors (e.g. toxins, free radicals, dysfunctions in
the ubiquitin/proteasome system) can lead dopaminergic cells to
undergo apoptotic death (8,9). Serum C-reactive protein (CRP)
and albumin concentrations have recently been used as markers
of systemic inflammation and oxidative stress in different diseases
(7,10,11,12,13,14,15,16,17,18,19,20,21,22).
In patients with IPD, the diagnosis of inflammation and
oxidative stress in the early stages and taking measures to improve
the motor and cognitive problems can contribute to the correction
of the clinical results of the disease and to slowing down the
progression of the disease.
In the present study, we aimed to collect data to test the
hypothesis that the presence of CRP/albumin as a marker of
the progression of the disease in IPD and its relationship with
parameters of disease stage might guide us in understanding the
etiology of the disease.

Materials and Methods
Sample Size of the Research
In this retrospective study, 150 patients who were diagnosed
as having IPD according to the United Kingdom Parkinson’s
Disease Society Brain Bank Diagnostic Criteria, who were
followed up and treated for at least 1 year, and who were applied
unified Parkinson’s disease rating scale (UPDRS), mini-mental
state examination (MMSE), geriatric depression scale (GDS)
and Hoehn and Yahr (H&Y) scale in the neurology outpatient
clinics of Ordu University Training and Research Hospital and
Ordu State Hospital Department of Neurology and 151 agematched healthy subjects were included in the study. The data of
the patient group were obtained from the neurology outpatient
follow-up files, which were arranged by the researchers. Patients
with a lack of data in follow-up files were not included in the
study.
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Patients with stage 4 and 5 IPD according to H&Y scale,
with diseases that would significantly affect mobility (e.g.
cerebrovascular event causing bed dependence, advanced muscle
disease, hip dislocation, decompensated heart failure, acute or
chronic renal failure with fluid overload) with MMSE score <25
points and with GDS >10 points were not included in the study.
The control group consisted of healthy individuals in the
same age range as the patients with IPD, with normal neurologic
examinations, with a MMSE score >24 points, and with a GDS
score <11 points.
In the IPD and control groups, the presence of chronic disease
(except for regulated hypertension), smoking and alcohol use, the
presence infectious disease, weight loss, obesity, and the presence
of diseases that might lead to increased CRP/albumin value
(e.g. gout, preeclampsia and eclampsia, pneumonia, leukemia,
hemolytic anemia, pernicious anemia, lymphomas, polycythemia,
kidney failure, hypoparathyroidism, ischemic heart disease,
chronic liver disease, cirrhosis) were accepted as exclusion criteria.
Data Collection Tools
Neurologic examination findings, demographic characteristics,
chronic diseases, the medical treatments used, educational status,
and history of smoking/alcohol use of the patients and controls
were recorded. The patients and controls were evaluated using the
MMSE and GDS scores. The UPDRS and H&Y scale data of the
patients were recorded from the patient follow-up files and IPD
stages were determined. The duration of disease, cognitive and
motor functions (UPDRS), and disease staging (H&Y scale) were
evaluated.
In patients and controls, venous blood samples were taken for
biochemical and hemogram tests after 12-14 hours of fasting.
Unified Parkinson’s Disease Rating Scale
UPDRS is the most frequently used measure for the
evaluation of patients with IPD. It consists of 4 parts: feeling
and thinking (total 16 points), daily life (total 52 points), motor
complications (total 92 points), and treatment complications
(total 23 points). The increase in total score in this scale, which
is a scoring system using 0-4 points, shows that the symptoms
are increasing (23,24).
Modified Hoehn and Yahr Scale
This scale is used for the staging of Parkinson’s disease (PD).
It is made up of five phases. As the stage progresses, the disease is
in the advanced stage. Stage 0 means that there is no evidence of
disease, and stage 5 means that the patient is dependent on the
bed, which is the most advanced stage of disease (24).
Standardized Mini Mental State Examination
The MMSE was first published by Folstein et al. (25). It is a
short, useful and standardized method that can be used globally to
determine the cognitive level. It is composed of eleven items under
five main headings including orientation, recording memory,
attention, calculation, recall, and language. The total score is 30
points. The Turkish validity and reliability study was performed
by Güngen et al. (26).
Geriatric Depression Scale
The GDS was developed by Yesavage et al. (1982) (27) and
its validity and reliability study was performed by Yesavage et
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al. (1982) (27). It consists of 30 questions based on self-reporting
and those are easy to answer for the elderly. Each response in favor
of depression is worth one point, the other responses are worth
zero points. Zero-ten points mean ‘no depression’, 11-13 points
‘possible depression’, and ≥14 points ‘definite depression’. The
validity and reliability study was performed by two groups in our
country (28,29).
Collection of Analysis Samples and Serum Collection
Blood samples were obtained for analysis from all patients who
were admitted to our hospital. The blood samples of the patients
were taken between 08:00 and 12:00 in the morning after about
12 hours of fasting. In order to obtain serum, gel tubes with
separators and potassium-EDTA tubes for blood count were used.
Gel tubes with separators, which were delivered to the laboratory
under appropriate conditions, were left for 20 minutes and then
centrifuged for 10 minutes at 5000 rpm to separate the serum.
Albumin, CRP, urea, and creatinine measurements were
made in our laboratories using a Cobas 8000 series c702 modular
analyzer, which is a closed system making spectrophotometric
measures.
The blood count (hemogram) was measured using an XN1000 in our laboratory. This device is a closed system analyzer that
makes measures using fluorescence flow cytometry in all modes.
Ethical Aspect of the Research
Approval for the study was obtained from the Ethics Committee
of Ordu University Training and Research Hospital (Decision No:
2018/160). There was no need for consent because the files were
scanned retrospectively.
Statistical Analysis
Statistical analysis was performed using the SPSS 25.0
package program. Continuous measurements are presented as
mean and standard deviation. The Mann-Whitney U test was
used to compare two groups of numeric values without normal
distribution, the independent samples t-test was used to compare
the samples with normal distribution. The Kruskal-Wallis test
was used to compare the numeric values of three groups without
normal distribution, and the one-way analysis of variance was
used to compare the numeric values of three groups with normal
distribution. Spearman’s Rho test was used for correlation analysis.
In all tests, p<0.05 was accepted as statistical significance.

Results
There were no differences between the control and IPD
groups in terms of age, serum urea, creatinine, and hemoglobin
concentrations (p>0.05). There were significant differences
between the groups in terms of albumin, CRP, and CRP/albumin
ratios (p<0.05). Serum albumin was lower and CRP and CRP/
albumin ratios were higher in the IPD group than in the control
group (p<0.05) (Table 1).
The ages of the patients became older, duration of disease
longer, UPDRS score higher, serum urea, creatinine, CRP and
CRP/albumin ratios higher, and albumin lower as the disease
progressed (p<0.05) (Table 2).
There was a significant correlation between serum CRP,
albumin, and CRP/albumin ratios of the patients and age, duration
of disease, and MMSE scores of the patients with IPD. There was a
positive correlation between age and CRP/albumin and a negative
correlation between age and albumin. No correlation was found
between age and CRP. There were positive correlations between
UPDRS, duration of disease, H&Y, and CRP and CRP/albumin
ratios. There were negative correlations between UPDRS, duration
of disease, H&Y, and albumin concentrations. As a result, as the
age, duration of disease, UPDRS, and stage of disease progressed,
CRP and CRP/albumin ratios increased and serum albumin
decreased; there was no correlation only between age and CRP
(Table 3).

Discussion
Although the etiopathogenesis of selective loss of dopamine
neurons in IPD remains unclear, increased evidence suggests that
oxidative stress, mitochondrial dysfunction, inflammation, and
apoptosis associated with those are the main mechanisms of neuron
loss. Chronic progressive dopaminergic neuron loss, α-synuclein
protein aggregates, Lewy bodies, Lewy neurites, glial activation, and
inflammation in the substantia nigra pars compacta play important
roles in the neuropathogenesis (1,6,7,8,9). Clinical and experimental
evidence suggest that PD is associated with neuroinflammatory
processes such as microglial activation, T-lymphocyte infiltration,
and blood-brain barrier dysfunction (30).
Hemogram and biochemical tests including CRP and
albumin concentrations are simple and inexpensive tests that

Table 1. The data of the control and idiopathic Parkinson disease groups
Control
n
Mean ± SD

IPD
n

Mean ± SD

p

Age

150

73.92±4.81

151

72.56±7.48

0.168

Urea (mg/dL)

150

31.46±4.49

151

32.35±5.06

0.139

Creatinine (mg/dL)

150

0.79±0.09

151

0.78±0.09

0.545

Albumin (g/dL)

150

4.54±0.27

151

4.05±0.31

<0.001

CRP (mg/dL)

150

0.16±0.10

151

0.21±0.13

<0.001

Hemoglobin (g/dL)

150

13.75±0.75

151

13.69±0.88

0.543

CRP/albumin

150

0.05±0.04

151

0.08±0.09

<0.001

Statistical significance level p<0.05
SD: Standard deviation, CRP: C-reactive protein, IPD: Idiopathic Parkinson disease
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Table 2. Data of the patients with idiopathic Parkinson disease according to the disease stage
Stage 1
Stage 1.5
Stage 2
Stage 2.5
n
Mean ± SD n
Mean ± SD n
Mean ± SD n
Mean ± SD

Stage 3
n
Mean ± SD

p

Age

30

67.57±3.79

31

70.52±3.29

30

73.40±3.04

30

75.37±3.4

30

76.03±13.9

<0.001

DD

30

1.90±0.80

31

3.65±0.92

30

5.50±0.86

30

6.87±1.07

30

9.80±1.99

<0.001

UPDRS

30

25.87±3.95

31

35.87±3.71

30

48.67±4.4

30

58.50±6.3

30

76.43±5.79

<0.001

Urea (mg/dL)

30

28.77±3.43

31

32.76±4.74

30

33.97±4.3

30

33.43±5.4

30

32.80±5.66

0.003

Creatinine (mg/dL)

30

0.73±0.08

31

0.79±0.08

30

0.79±0.09

30

0.81±0.11

30

0.79±0.10

0.013

Albumin (g/dL)

30

4.39±0.19

31

4.15±0.19

30

4.08±0.1

30

3.91±0.29

30

3.73±0.28

<0.001

CRP (mg/dL)

30

0.16±0.09

31

0.20±0.08

30

0.23±0.14

30

0.19±0.13

30

0.27±0.15

0.018

Hemoglobin (g/dL)

30

13.69±0.80

31

13.64±0.75

30

13.52±0.8

30

13.84±1.1

30

13.74±0.92

0.697

CRP/albumin

30

0.08±0.19

31

0.06±0.03

30

0.09±0.04

30

0.07±0.04

30

0.10±0.06

0.001

Statistical significance level p<0.05
UPDRS: Unified Parkinson’s disease rating scale, DD: Disease duration, SD: Standard deviation, CRP: C-reactive protein

Table 3. Correlations between the data of the patients
with idiopathic Parkinson disease and C-reactive protein,
albumin and C-reactive protein/albumin ratio
CRP
Albumin
CRP/albumin
r
p
r
p
r
p
Age

0.146

0.074

-0.601

<0.0001 0.297

<0.001

UPDRS

0.172

0.034

-0.730

<0.001

0.312

<0.001

Disease
duration

0.200

0.014

-0.748

<0.001

0.338

<0.001

H&Y

0.183

0.025

-0.779

<0.001

0.300

<0.001

Statistical significance level p<0.05
UPDRS: Unified Parkinson’s disease rating scale, H&Y: Modified Hoehn and
Yahr scale

provide important data about the quantitative and qualitative
features of various blood cells. The CRP/albumin ratio has
emerged as a prognostic and potential inflammatory marker in
chronic neurologic diseases. CRP and albumin are parameters
that can be reached more easily than other inflammatory
cytokines including interleukin (IL)-6, IL-1β and tumor necrosis
factor-α (10).
CRP is an acute phase protein synthesized in hepatocytes in
response to pro-inflammatory cytokines during inflammatory/
infectious processes. Although it is known as a biomarker of acute
inflammation, many large-scale prospective studies suggest that
CRP is also associated with chronic inflammation (11). CRP is a
biomarker of chronic inflammation and a direct participant of the
pathologic process (31). Molecular genetic techniques have shown
that CRP can be produced locally in the brain and CRP production
increases in areas damaged by neurodegenerative processes such
as Alzheimer’s disease (AD) (32,33). Akıl et al. (10) showed that
CRP concentrations were significantly higher in patients with
PD than in healthy controls in their study performed with 51
patients with PD and 50 healthy controls. It has been shown that
CRP concentrations rise in chronic diseases such as hemorrhagic
cerebrovascular disease, AD, and PD (11,12,13,14,15,16). In
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our study, in line with the literature, we found that serum CRP
concentrations significantly increased as the disease stage increased
in patients with IPD.
Hypoalbuminemia is an acute phase response associated with
inflammation and oxidative stress. Homocysteine, uric acid (UA),
albumin, and bilirubin are defined as laboratory parameters
associated with oxidative stress. Low UA, albumin, and bilirubin
concentrations were associated with many neurodegenerative
diseases, including PD, but these changes in their concentrations as
oxidative stress markers were not clarified as to whether they caused
neurodegenerative diseases or they were results of the underlying
process in the literature (7,17,18,19,20,21,22). Several studies
showed that there was a correlation between hypoalbuminemia and
increased CRP concentrations and other acute phase proteins (34).
It was reported that hypoalbuminemia was correlated with poor
prognosis in patients with ischemic stroke (35). In one study, it
was observed that there was an improvement in neurologic deficit
when albumin was administered following acute intracortical
hematoma (36). In various studies, serum albumin concentrations
were found to be significantly reduced as the disease progressed
(22). Similarly, the data of our study showed that serum albumin
concentrations in patients with IPD decreased significantly in
parallel with the increase in the disease stage.
To our knowledge, our study is the first to evaluate the serum
CRP/albumin ratio according to disease stage in patients with
IPD. In our study, the serum CRP/albumin ratio was found high
in the IPD group. It was found that serum concentrations of
CRP/albumin increased statistically significantly in parallel with
progression in the disease stages. As the age, duration of disease,
UPDRS, and stage of disease progressed, CRP and the CRP/
albumin ratio increased and serum albumin decreased, which
were important findings of our study. There was no correlation
only between age and CRP. The serum CRP/albumin ratio has
been investigated in various diseases and different ratios were
reported in the literature (1,10,11,12,13,14,15,18,20,32,33,35,3
6). Therefore, the fact that we performed the study with a control
group in the same age range as the patients was another important
feature of our study. In general, all the data of our study were
consistent with the literature.
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Study Limitations
Our study had some limitations. We did not evaluate the
anthropometric (height, weight, waist, hip, calf and forearm
circumference), demographic and nutritional characteristics,
and educational status of the patients and controls, whether
they performed regular exercise or the possible effects of
drugs used in the patients and controls. The cross-sectional
nature of our study prevented us from determining any causal
relationship between the variables. In addition, the relatively
small sample size was another limitation of our study. Despite
being in the normal range of the laboratory, the differences
in serum urea and creatinine concentrations between disease
stages were accepted as a limitation of our study. Therefore,
more prospective, comprehensive and large-scaled studies to
evaluate the relation between IPD and serum CRP/albumin
ratio are needed.

Conclusion
Our study supports the hypothesis that serum CRP/albumin
ratio may be associated with the etiopathogenic process of IPD as a
biomarker of inflammation and oxidative stress. In order to detect
chronic and progressive diseases such as IPD in the initial stages
and to take precautions, it is important to evaluate the changes in
easily accessible, cost-effective parameters such as the serum CRP/
albumin ratio. More studies are needed to replicate our findings
using longitudinal data.
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