Annals of Clinical and Analytical Medicine

Original Research

llluminating inflammation in parkinson’s disease: an innovative approach to
the relationship between serum calprotectin and C-reactive protein

llluminating inflammation in parkinson’s disease

Miray Erdem, Elif Banu Soker, Derya Ozdogru
Department of Neurology, University of Health Sciences, Adana City Training and Research Hospital, Adana, Turkey

Abstract

Aim: Parkinson’s disease (PD) is a disorder that affects 3.7% of people over the age of 65 and encompasses several neurodegenerative changes. Calprotectin
is an inflammatory response-associated protein, while C-reactive protein (CRP) serves as a marker of inflammation. The aim of this study is to investigate the
inflammatory aspect of PD by comparing serum calprotectin levels and CRP/albumin ratio (CAR) between patients and healthy subjects.

Materials and Methods: This study was conducted on 78 participants, including PD patients and a healthy control group. Venous blood samples were taken for
molecular analysis and the levels of serum calprotectin, CRP and albumin were assessed.

Results: Serum levels of CRP and CAR were significantly higher in PD patients compared to controls, while albumin levels were low. However, there was no
significant difference in serum calprotectin levels between the groups. Moderate to low linear relationships were observed between CRP and CAR with disease
stage. The sensitivity of CAR in PD was found to be 44.7% with a specificity of 100%.

Discussion: The results of this study demonstrate that inflammatory markers (especially CRP and CAR) are elevated in PD and suggest their possible prognostic
importance in the course of the disease. A negative association was found between albumin levels and disease duration, whereas no significant difference in
serum calprotectin levels was found between PD patients and controls. Overall, the role of inflammation in PD and the prognostic value of calprotectin suggest
the need for further research.
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Introduction

Parkinson’s disease (PD) is characterised by the misfolding of
alpha-synuclein, followed by the formation and accumulation of
intraneuronal amyloid, low-grade neuroinflammatory changes
and selective neurodegeneration, and affects 3.7% of the
population over the age of 65 [1,2]. Multiple factors contribute
to the development of PD, resulting in heterogeneous clinical
presentations and disease courses. PD is now considered a
multisystem disease, affecting both the central and peripheral
nervous systems (CNS, PNS) and causing both motor and
non-motor symptoms. In addition to genetic predisposition,
triggers such as
protein aggregation, autophagolysosomal dysfunction and
mitochondrial dysfunction contribute to neuronal degeneration
[3,4].

Due to the early involvement of the gastrointestinal system
in the pathophysiology, changes in the composition of the gut
microbiota have been studied in relation to the pathophysiology

environmental inflammation, abnormal

of PD, often occurring years before the onset of motor
symptoms. Communication between the gastrointestinal tract
(GIT) and the CNS is bidirectional, and it is hypothesised that
PD originates in the gut and spreads to the brain via the vagus
nerve, targeting alpha-synuclein. The potential role of the gut
microbiota in PD and other neurodegenerative diseases is
supported by animal studies showing that the microbiota can
influence a-synucleinopathy and neuroinflammation [1,4,5,6].
Furthermore, gut inflammation and barrier dysfunction, along
with gut microbiota products (which can induce “leaky gut”
and/or local inflammation and potentially trigger or enhance
amyloidogenesis), are considered potential key players in the
aetiology of PD [4,7].

Calprotectin is a pleiotropic cytokine-like protein primarily
involved in the accumulation of inflammatory cells; it also has
bacteriostatic effects mediated by zinc-dependent enzymes
[8]. It represents approximately 60% of the cytosolic protein in
neutrophils and is secreted as part of the inflammatory response.
This protein, which is associated with inflammatory cytokine
activity, can be found in serum, urine, saliva, cerebrospinal fluid,
synovial fluid, amniotic fluid and faecal samples. As increased
intestinal permeability is associated with increased calprotectin
secretion, faecal calprotectin levels have been shown to be an
indirect marker of intestinal permeability [9,10,11].

C-reactive protein (CRP) is a protein produced by the liver that
serves as a marker of inflammation in the body. Both CRP and
albumin are commonly used indicators of inflammation, defined
as positive and negative acute-phase reactants, respectively
[12]. Based on numerous studies in the literature over the years,
the CRP/albumin ratio (CAR) is considered a more valuable
indicator of inflammation than either CRP or albumin alone
[13]. The aim of this study is to investigate the inflammatory
aspect of PD by comparing serum calprotectin levels and CAR
with healthy controls and to investigate their relationship with
disease severity.

Materials and Methods
The research was designed as a cross-sectional study involving
idiopathic PD patients and a control group between 17

December 2024 and 1 February 2025. Participants signed an
informed consent form prior to enrolment.

Study Participants

Inclusion criteria for patients were a diagnosis of PD according
to the Movement Disorder Society (MDS) Clinical Diagnostic
Criteria. The control group consisted of healthy adults. Exclusion
criteria for patients included active infections, inflammatory,
malignant or autoimmune diseases and treatment with
antibiotics, non-steroidal anti-inflammatory drugs or proton
pump inhibitors in the previous month. In addition, patients with
organic brain damage, dementia according to MDS diagnostic
criteria, and Hoehn and Yahr (H&Y) stage V, immobilized
patients were excluded due to the difficulty of adequate clinical
assessment. The exclusion criteria for the control group were
the same as for the patients. Disease stage was assessed using
the H&Y scale, and motor symptom severity was assessed using
the Unified PD Rating Scale Il (UPDRS lII). Duration of PD (in
years), levodopa equivalent daily dose (LEDD), H&Y stage and
UPDRS Il score were recorded.

Laboratory Investigations

Venous blood samples were taken under outpatient conditions
from all patients included in the study. EDTA tubes were used for
complete blood count (CBC) and non-anticoagulated tubes for
serum biochemistry. CBC samples were analysed immediately
upon arrival at the biochemistry laboratory. For other tests,
venous blood samples collected in non-anticoagulated tubes
were centrifuged at 1500xg for 10 minutes after clotting.
Serum CRP and albumin parameters were analysed. Samples
were then aliquoted and stored at -80°C until further analysis.
Calprotectinkits were stored at 2-8°C until the day of testing and
brought to room temperature before use. Frozen serum samples
were thawed, vortexed and centrifuged. Serum calprotectin
levels were determined using the Elabscience Calprotectin kit
(lot numbers: WX04000H2952 and WX09HB4V2777) by the
sandwich enzyme-linked immunosorbent assay (ELISA) method
according to the kit instructions. Measurements were made at
450 + 10 nm using a microplate reader (BioTek Synergy HT).
Calprotectin levels in serum samples were determined from the
optical densities read against the calibration curve generated
with the calibrators.

Statistical Analyses

Data collected from patients in the study were analysed
using IBM Statistical Package for the Social Sciences (SPSS)
for macOSMacos 30.0 (IBM Corp., Armonk, NY). Frequency
and percentage were used for categorical data, while mean,
standard deviation, median, minimum and maximum were
used as descriptive statistics for continuous data. Normality
of variables was assessed using the Kolmogorov-Smirnov test.
For group comparisons, the Mann-Whitney U test was used for
two groups, and the chi-square test was used for comparisons
of categorical variables.The relationship between continuous
variables
Analysis.” Results were considered statistically significant when
the p-value was less than 0.05.

Ethical Approval

This study was approved by the Ethics Committee of Adana City
Training and Research Hospital (Date: 2024-12-07, No: 241).

was examined using “Spearman’s Correlation
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Results

A total of 78 cases were analysed, including 48.7% (n=38)
patients and 51.3% (n=40) controls. The mean age of the
participants was 60 (35-81) years, 35.9% (n=28) were female
and 64.1% (n=50) were male. In the patient group, disease
duration was =4 years in 52.6% (n=20), 5-8 years in 28.9%
(n=11) and >9 years in 18.4% (n=7), with a mean LEDD of 662.5
mg (100-1625) and H&Y stages <2 in 63.2% of patients and >3
in 36.8%. The UPDRS Il score was 17 (range: 4-33).

The distribution of serum calprotectin, CRP, albumin and
CAR levels in the patient and control groups was examined;
statistically significant differences were found between the
groups for CRP, albumin and CAR (p<0.001, p=0.046, p<0.001).
CRP and CAR levels were found to be higher in PD patients
compared to the control group, whereas albumin levels were
lower in the PD group (Table 1).

No statistically significant difference was found in serum
calprotectin levels between the patient and control groups.

Table 1. Distribution of serum calprotectin, CRP, albumin and
CAR in the patient and control groups

Variables PD(n=38) n (%) or Controls (n=40) n (%) P

Median (Min-Max) or Median (Min-Max) value
Age 62 (35-81) 62 (36-75) 0.7042
Gender
Female 17 (44.7) 11 (27.5)

0.177°

Male 21 (55.3) 29 (72.5)
Calprotectin 962.5 (493-1825) 1057.5 (597-1432) 0.182°
CRP 22(0.8-5.7) 1.5 (0.4-2.6) <0.0012
Albumin 42 (35-48) 43 (38-49) 0.046%
CAR 0.05 (0.02-0.16) 0.03 (0.01-0.06) <0.0012

a Mann-Whitney U test
b Chi-square test
CRP: C- reactive protein, CAR: CRP/Albumin ratio

Table 2. Examination of the relationship between serum
calprotectin, CRP, albumin, CAR and clinical variables in the
patient group

Calprotectin CRP Albumin CAR

R 0.129 0.163 -0.338

Disease Duration P 0.438 0.330 0.038
N 38 38 38

R 0.169 0.231 0.096

LEDD P 0.310 0.163 0.568
N 38 38 38

R -0.007 0.622 -0.228

H&Y P 0.965 <0.001 0.169
N 38 38 38

R -0.102 0.387 -0.118

UPDRS Il P 0.541 0.017 0.479
N 38 38 38

CAR: CRP/Albumin ratio, CRP:C-reactive protein, LEDD: Levodopa equivalent daily dose,
H&Y: Hoehn&Yahr, UPDRS llI: Unified Parkinson’s disease Rating Scale

Table 3. CAR ROC analysis

Risk Factor AUC (95% ClI) Cutoff Value

p-value

When examining the relationship of serum calprotectin, CRP,
albumin and CAR with clinical variables in PD, no significant
characteristics were found between serum calprotectin and
H&Y, UPDRS IIl or LEDD scores. However, a moderate linear
relationship was observed between CRP and H&Y, and a low
linear relationship between UPDRS IIl and H&Y. In addition,
a low-level negative association was found between albumin
levels and disease duration (Table 2). The area under the curve
for CAR in PD was found to be 79.6% with a cut-off value of
0.058. Consequently, CAR had a sensitivity of 44.7% and a
specificity of 100% in PD (Table 3).

Discussion

In our study, CRP and CAR levels were found to be higher in
PD than in healthy controls, whereas albumin levels were low.
A moderate linear relationship was found between CAR and
H&Y, and a low linear relationship was found between CAR and
UPDRS Il scores. A low-level negative association was found
between albumin levels and disease duration. However, no
statistically significant differences in serum calprotectin levels
were found between PD patients and healthy controls.

The literature indicates that PD patients with high CAR
levels have higher all-cause mortality, suggesting that overall
survival in PD patients is related to the increase in CAR. The
debate continues as to whether the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) can reduce the incidence and
progression of PD; however, one study found no association
between CAR levels and NSAIDs [14]. In contrast, an analysis
combining the results of several epidemiological studies by
Gagne et al. suggested that the use of non-aspirin NSAIDs
was associated with a 15% reduction in the risk of PD [15].
In addition, another prospective study showed that users of
ibuprofen had a lower risk of developing PD, which is consistent
with previous findings and suggests that ibuprofen may have
potential neuroprotective effects not shared by aspirin or other
commonly used analgesics [16].

Recent clinical studies have shown that high CAR levels are
associated with survival in other diseases and that CAR is a
better prognostic marker than single inflammatory markers
such as CRP [14,17,18]. CAR is not simply an adjunct to
CRP or albumin; research has shown that CAR can reflect
dynamic changes in systemic inflammation and identify subtle
differences between patients, suggesting a higher sensitivity
for predicting inflammation [19,20].

Albumin is the most abundant plasma protein in the body
and is a major component of cerebrospinal fluid. It has also
been reported that serum albumin can disrupt the catalytic
cycles that promote the self-assembly of a-synuclein and
the remodelling of a-synuclein oligomers and high molecular
weight fibrils into chimeric intermediates, potentially reducing
toxicity and inhibiting interactions with N-terminal and central
a-synuclein domains. Albumin levels have been proposed

Specificity (%)

Sensitivity (%) PPV (%) NPV (%)

CAR 0.801 (0.698-0.894) >0.058 <0.001

44.7 100.0 100.0 65.6

CAR: CRP/Albumin Ratio, AUC: Area Under Curve, PPV: Positive Predictive Value, NPV: Negative Predictive Value
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as an effective mortality marker in diseases characterised
by neurodegeneration and inflammation, such as PD and
Alzheimer’s disease [21].

Interestingly, while the CRP response increases in the acute
phase, albumindecreasesinboth acute and chronicinflammatory
conditions. This suggests that CAR may be advantageous in
identifying both acute and chronic inflammation [14].

In the literature, calprotectin, which
inflammation and damage to the intestinal barrier, has been
shown to be elevated in PD. One review suggested that early
elevations in faecal calprotectin may indicate the development
of gut dysbiosis and/or gut barrier damage that may occur
decades before the onset of motor symptoms; therefore,
faecal calprotectin may serve as a diagnostic and prognostic
biomarker in PD [22]. Calprotectin has been extensively studied
as a faecal biomarker in PD, but it should be noted that results
may be influenced by any condition that may alter intestinal
permeability. For example, in our planned study, while integrating
parameters such as serum calprotectin, CRP, albumin and CAR,
we did not find statistically significant differences in serum
calprotectin levels between PD and control groups, nor were
any significant features identified in the relationships between
serum calprotectin and H&Y, UPDRS Il and LEDD levels
[2,23,24].

The search for biomarkers in PD is important because it could
facilitate accurate and early diagnosis of the disease, monitoring
and the development of targeted treatment strategies. In our
study, we identified high levels of CAR as an inflammatory
marker in PD that correlates with disease severity.

Limitations

Our study has some limitations. One of them is that it was a
single-center study with a small cohort of patients. In addition,
commercial calprotectin assays have variable performance and
there is currently a lack of assay standardization and universally
accepted cut-off values.

Conclusion

In conclusion, our study showed that high CAR levels in PD serve
as an inflammatory marker and correlate with disease severity.
CAR may be a reliable prognostic biomarker for PD patients;
however, it is suggested that its reliability could be improved
by combining it with other molecules involved in inflammation.

reflects intestinal
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