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Abstract.
Background: The immune system is known to be involved in Parkinson’s disease (PD) pathogenesis, but the temporal
relationship between peripheral immune responses and PD remains unknown.
Objective: We determined the association between peripheral immune cell numbers, C-reactive protein (CRP), and prevalent
as well as incident PD.
Methods: This study was embedded in the population-based setting of the Rotterdam Study. We repeatedly measured
peripheral immune cell numbers (differential leukocyte count and platelet count, granulocyte-to-lymphocyte ratio [GLR],
platelet-to-lymphocyte ratio [PLR], and adapted systemic immune-inflammation index [adapted SII]) and CRP between 1990
and 2016. Participants were continuously followed-up for PD until 2018. We estimated the association of the markers with
prevalent and incident PD using logistic regression models and joint models, respectively. Models were adjusted for age,
sex, smoking, body mass index, and medication use. Odds ratios (OR) and hazard ratios (HR) are shown per doubling of the
marker.
Results: A total of 12,642 participants were included in this study. The mean age (standard deviation) was 65.1 (9.8) years
and 57.5% were women. Participants with a higher lymphocyte count were less likely to have prevalent PD (adjusted OR:
0.34, 95% CI 0.17–0.68). Participants with a higher GLR, PLR, and adapted SII were more likely to have prevalent PD, but
these effects were explained by the lymphocyte count. The peripheral immune cell numbers and CRP were not significantly
associated with the risk of incident PD.
Conclusion: We found participants with a higher lymphocyte count to be less likely to have prevalent PD, but we did not
find an association between peripheral immune cell numbers nor CRP and the risk of incident PD.
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INTRODUCTION

Parkinson’s disease (PD) is a complex neurodegen-
erative disease that is characterized by a combination
of motor and non-motor symptoms [1]. These symp-
toms are predominantly caused by a lack of dopamine
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due to neuronal death in the substantia nigra [1–3].
However, the pathology of PD is known to be more
widespread and may even initiate outside of the brain
[4–6]. Recent studies have suggested an essential role
of the immune system in the pathophysiology of PD
[1–3, 7–9].

Evidence for both central and peripheral immune
responses in the pathogenesis of PD is extensive [8,
9]. In clinical PD, alterations in the gut microbiome
have been shown to induce systemic inflamma-
tory responses [8, 10, 11] and impaired humoral
as well as cellular immune responses have been
found [2, 8, 12]. At an earlier stage of pathogenesis,
infectious agents have been suggested to act as a trig-
ger of auto-immune responses against dopaminergic
neurons [13]. Indeed, alterations in differential leuko-
cyte counts and cytokine levels have already been
described before the onset of clinical PD [14–17].

Despite the emerging evidence of the involvement
of the peripheral immune system in PD pathophys-
iology, it remains largely unclear how peripheral
immune or inflammation markers change during the
prediagnostic phase of the disease as well as after the
diagnosis [8]. The objective of this study was to inves-
tigate the temporal relation of peripheral immune
cell numbers and C-reactive protein (CRP) with PD.
Hereto, we studied the association of these markers
with prevalent and incident PD.

METHODS

Study population

This study was embedded in the Rotterdam Study,
a large population-based cohort study in the dis-
trict Ommoord of the Dutch city Rotterdam. Details
about the design of the Rotterdam Study have been
described previously [18]. In short, the Rotterdam
Study was initiated in 1990 with the inclusion of
7,983 residents of 55 years and over (RS-I). In 2000
the cohort was extended with 3,011 residents of 55
years and over (RS-II), and in 2006 the cohort was
further extended with 3,932 residents of 45 years
and over (RS-III). The response rate over the three
cohorts was 72%. At baseline and on average every
four years, participants underwent a home interview
and examinations at the research center.

The Rotterdam Study has been approved by the
Medical Ethics Committee of the Erasmus Medical
Center (registration number MEC 02.1015) and by
the review board of the Ministry of Health, Welfare,
and Sports of the Netherlands (Population Screening

Act WBO, license number 1071272-159521-PG). All
participants provided written informed consent to
participate in the study and to have their information
obtained from treating physicians.

Assessment of peripheral immune cell numbers
and CRP

Participants underwent a maximum number of
three venous blood samples at the research cen-
ter after overnight fasting. Differential blood counts
included leukocytes, monocytes, lymphocytes, gran-
ulocytes, and platelets in 109 per liter, which were
assessed directly following the blood draw using the
COULTER AcT diff2 Hematology Analyzer (Beck-
man Coulter, San Diego, CA, USA) or the Sysmex
XS-800 Hematology analyzer (Sysmex, Norderstedt,
Germany) for the latest measurement. These periph-
eral immune cell numbers were measured between
2002 and 2016: At three subsequent visits from the
fourth visit of RS-I, at three subsequent visits from
the second visit of RS-II and at two subsequent vis-
its from the first visit of RS-III. High-sensitivity
CRP was determined in serum which was stored at
–20◦C until performance of the measurements using
Rate Near Infrared Particle Immunoassay (Immage
Immunochemistry System, Beckman Coulter, Fuller-
ton, CA). CRP was determined in several study
rounds between 1990 and 2008: At the first, third
and fourth visit of RS-I, at the first and second visit
of RS-II and at the first visit of RS-III. The measure-
ments and number of participants in each study round
are shown in Fig. 1.

Because neutrophil counts were not available, we
used granulocyte counts to calculate the granulocyte-
to-lymphocyte ratio (GLR) as a proxy for the
neutrophil-to-lymphocyte ratio (NLR). The GLR was
calculated as the granulocyte count divided by the
lymphocyte count. The platelet-to-lymphocyte ratio
(PLR) was calculated as the platelet count divided by
the lymphocyte count [19]. The systemic immune-
inflammation index (SII) is usually calculated as the
NLR times the platelet count [20]. Because of the
absence of neutrophil counts in our study, we calcu-
lated an adapted SII as the GLR times the platelet
count [19].

Assessment of Parkinson’s disease

Parkinsonism was defined either as the presence
of hypo- or bradykinesia with resting tremor, rigid-
ity, and/or postural imbalance as observed by any
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Fig. 1. Study measurements and number of participants. CRP, C-reactive protein. Numbers in the boxes represent the number of individuals
who participated in the shown study round. Numbers in orange are participants who undertook CRP measurements and numbers in green
participants who undertook measurements of peripheral immune cell numbers. In RS-I-4 and RS-II-2, CRP was only measured in a random
subset, by taking into account sex and age representation. The last measurement of each of the markers (shown in shaded orange or green)
was used for the analyses of prevalent PD, if the last measurement was missing, the previous measurement was used (n prevalent PD for
analyses CRP = 105, n prevalent PD for analyses peripheral immune cell numbers = 34). For the peripheral immune cell numbers the total
number of individuals with any of the markers available is shown, the numbers in the analyses might differ because the specific measurement
is missing.

physician, or a clinical diagnosis of parkinsonism by a
neurologist or geriatrician. PD entailed the criteria of
parkinsonism, a clinical history suggestive of PD, and
at least one of the following: (a) a clinical PD diag-
nosis by a neurologist or geriatrician; (b) a positive
response to dopaminergic treatment; (c) or dopamine
transporter scan findings consistent with PD.

We identified participants with parkinsonism at
baseline using a two-phase design, which has been
previously described in more detail [21]. First, partic-
ipants were screened for self-reported parkinsonism,
anti-parkinsonian drugs use and signs of parkinson-
ism at neurologic screening. Second, screen-positive
participants were invited for a structured clinical
examination to establish parkinsonism by a research
physician with expertise in neurological disorders.
This examination included neurological evaluation,
medical history taking and assessment of additional
information from medical records of general practi-
tioners and specialists.

During follow-up, four overlapping modalities
were used to detect parkinsonism: continuous mon-
itoring of clinical records, continuous monitoring of
anti-parkinsonian medication use, self-reporting of

PD, and in-person screening at the research center.
Medical records of screen-positives were studied, and
case reports were evaluated by a panel led by an expe-
rienced neurologist. Medical records of all incident
events continued to be evaluated for new information
until the end of the study period. The time at risk for
PD in this study ended at the first of the following:
diagnosis of incident parkinsonism, loss to follow-up,
death, or January 1, 2018.

Assessment of covariables

Cigarette smoking was assessed during home
interviews and categorized into current and non-
smokers. Body mass index (BMI) was calculated by
dividing weight over height squared, both obtained
during research center visits. Medication use was
assessed during home interviews. The following
drugs were considered immune system influencing
drugs: corticosteroids for systemic use (Anatomical
Therapeutical Chemical [ATC] code H02), immune-
suppressants (L04), immune-stimulants (L03), anti-
inflammatory and anti-rheumatic products (M01),
HMG CoA reductase inhibitors (C10AA) and
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chemotherapeutics (L01). ATC code N04 was used
to determine anti-parkinsonian drugs use.

Statistical analyses

Participants with at least one blood measurement
were taken into account in the analyses. To normalize
the skewed distribution of the blood markers, we used
a natural log transformation. Multiple imputation was
performed to impute missing covariables based on
peripheral immune cell numbers and CRP, the out-
comes and covariables. R version 4.0.3. was used for
all analyses [22] and results were visualized using the
ggplot2 package, version 3.3.2 [23].

To quantify the association between the periph-
eral immune cell numbers, CRP, and prevalent PD,
we constructed logistic regression models with the
markers as the determinant and prevalent PD as
the outcome. We repeatedly measured peripheral
immune cell numbers and CRP and included each
participant’s last measurement of these markers as
the determinant (see Fig. 1) because of the low
prevalence of PD at earlier measurements. Model
1 was adjusted for baseline age and sex, model 2
was additionally adjusted for BMI, smoking status,
and immune system influencing drugs, and model
3, specifically for the GLR, PLR, and adapted SII,
was additionally adjusted for the lymphocyte count
to determine whether these associations were driven
by lymphocytes. For each marker, we also determined
the interaction effect with sex. Because of the natu-
ral log transformation of the peripheral immune cell
numbers and CRP, betas of the logistic regression
models were multiplied with ln(2) to obtain odds
ratios (ORs) for doubling of the markers.

To determine the association between repeatedly
measured peripheral immune cell numbers and CRP
and the risk of incident PD, we used joint models
for longitudinal and survival data [24], package JM
version 1.4.8 [25]. These models account for the cor-
relations in the repeated measurements of individuals
and their endogenous nature [26]. The timescale in
the joint models was follow-up time, which started at
the first blood draw. Model 1 was adjusted for base-
line age and sex, model 2 was additionally adjusted
for BMI, smoking status, and immune system influ-
encing drugs, and model 3, specifically for the GLR,
PLR, and adapted SII, was additionally adjusted for
the lymphocyte count. For each marker, we also
tested the interaction effect with sex. We used the
Akaike information criterion (AIC) to determine the
number of degrees of freedom for the splines of

follow-up time and age. In addition, the AIC was
used to assess whether to include random slopes or
intercepts only. This resulted in a linear mixed model
including splines with three degrees of freedom for
follow-up time and age, and random slopes; and a
Cox model with the estimated underlying value of
the marker, sex, and the linear effect of age. Betas
of the models were multiplied with ln(2) to provide
hazard ratios (HRs) for a doubling of the peripheral
immune cell numbers and CRP.

Nested case-control analyses
For the lymphocyte count, a marker previously

shown to be associated with the risk of incident PD
[14, 15], we analyzed the temporal average evolu-
tion in people with versus without PD using a nested
case-control design. The aim of this analysis was
to determine at which point in time the lympho-
cyte count in people with PD starts deviating from
controls. Participants who were diagnosed with PD
during follow-up (case) and had at least one mea-
surement of lymphocytes before or after diagnosis
were matched with three randomly selected partici-
pants who were free of PD (control) at the date of PD
diagnosis of the case. Controls were matched on sex,
birth year, and cohort, ensuring that time zero was
the exact same date for cases and controls. For con-
trols who developed parkinsonism after the event date
of the case, all measurements from the parkinsonism
diagnosis were censored.

Linear mixed models were constructed to analyze
the evolution of the natural log transformed lympho-
cyte count in participants with and without PD ten
years before and after the diagnosis. In this analysis,
the R package JointAI (version 1.0.2.9000) [27] was
used to perform a combined imputation and analy-
sis using a full Bayesian approach [26]. Hence, the
imputations took into account the entire trajectory of
the longitudinal outcome in the imputation of miss-
ing covariables [26]. The model was adjusted for BMI
and immune system influencing drugs. The AIC (of a
preliminary analysis including only complete cases)
was lowest for a model including splines with two
degrees of freedom for follow-up time and linear ran-
dom slopes. The exponent of the predicted values was
calculated to transform the lymphocyte count back to
the original scale.

Sensitivity analysis
As a first sensitivity analysis, we additionally

adjusted the logistic regression models for anti-par-
kinsonian drugs. Second, we excluded measurements
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Table 1
Baseline characteristics

Characteristic Total Prevalent PD Incident PD
(n = 12,642) (n = 85) (n = 162)

Age, y 65.1 (9.8) 77.1 (9.2) 68.6 (8.8)
Women, n (%) 7,274 (57.5) 55 (64.7) 76 (46.9)
Educationa, n (%)

Primary 2,123 (17.0) 17 (22.1) 33 (20.6)
Lower 5,008 (40.2) 32 (41.6) 61 (38.1)
Intermediate 3,413 (27.4) 23 (29.9) 48 (30.0)
Higher 1,916 (15.4) 5 (6.5) 18 (11.2)

Smokinga, n (%) 2,613 (21.0) 7 (9.1) 16 (10.1)
Body mass indexa, kg/m2 26.9 (4.1) 25.0 (3.7) 26.6 (3.5)
Immune system influencing drugsa,b, n (%) 1,432 (11.4) 7 (8.3) 16 (9.9)
Peripheral immune cell counts, 109/L

Leukocytes 6.5 [5.5–7.7] 6.4 [5.8–7.2]c 6.4 [5.6–7.3]e

Monocytes 0.4 [0.3–0.5] 0.4 [0.3–0.5]c 0.4 [0.4–0.6]e

Lymphocytes 2.2 [1.8–2.6] 1.8 [1.5–2.2]c 2.0 [1.8–2.4]e

Granulocytes 3.8 [3.1–4.8] 4.1 [3.5–4.6]c 3.7 [3.1–4.7]e

Platelets 264.0 [223.0–308.0] 237.5 [209.2–265.8]c 239.0 [209.0–278.0]e

Peripheral immune cell-based ratios
GLR 1.7 [1.4–2.3] 2.2 [1.8–2.6]c 1.9 [1.5–2.3]e

PLR 120.0 [96.3–105.8] 130.7 [109.0–145.5]c 116.8 [92.2–143.6]e

Adapted SII 456.7 [339.5–620.0] 567.9 [364.5–715.9]c 447.9 [315.0–611.6]e

CRP 1.6 [0.7–3.3] 1.7 [0.7–5.2]d 1.6 [0.8–3.6]f

GRL, granulocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; Adapted SII, adapted systemic immune-inflammation index; CRP,
C-reactive protein. Numbers are mean (standard deviation) or median [interquartile range] for continuous variables and number (percentage)
for categorical variables. The first measurement is shown for each peripheral inflammation marker: for prevalent PD the characteristics of
participants with prevalent PD at the first measurement of the markers are shown and for incident PD the characteristics of participants who
developed PD during follow-up at the first measurement of the markers are shown. In the total sample: n = 8,553 for leukocytes, n = 8,550 for
monocytes, n = 8,550 for lymphocytes, n = 8,551 for granulocytes, n = 8,552 for platelets, n = 8,550 for GLR, n = 8,548 for PLR, n = 8,548
for adapted SII, n = 12,426 for CRP. aEducation was missing in 1.4%, smoking in 1.5%, BMI in 1.6% and immune system influencing
drugs in 0.4%. bAnatomical Therapeutical Chemical codes H02, L04, L03, M01, C10AA, and L01. c22 participants had prevalent PD. d84
participants had prevalent PD. e73 participants had incident PD. f 160 participants had incident PD.

of participants with cancer, heart failure, chronic
obstructive pulmonary disease (COPD), and asthma,
and we repeated the analyses for prevalent and inci-
dent PD in this subset. Third, because of our relatively
small number of prevalent and incident cases of PD,
we repeated the logistic regression and joint model
analyses for the broader event definition of all-cause
parkinsonism (PD, parkinsonism associated with pre-
existent dementia, parkinsonism associated with use
of anti-dopaminergic drugs, parkinsonism associ-
ated with cerebrovascular disease, multiple system
atrophy, progressive supranuclear palsy, and other
rare causes). Fourth, to assess whether analyzing the
last instead of the first measurement of peripheral
immune cell numbers and CRP influenced our results
for prevalent PD, we repeated the logistic regression
analyses with the first measurement of the markers
(see Fig. 1). Finally, to allow better comparison of our
results to previous studies, we repeated the longitudi-
nal analyses by including only the first measurement
of peripheral immune cell numbers and CRP (stan-

dardized on their original scale) and analyzing the
association with incident PD using Cox proportional-
hazards models.

RESULTS

Table 1 shows the baseline characteristics of the
study population, including participants with at least
one measurement of the peripheral immune cell num-
bers or CRP. The mean (standard deviation, SD)
age of our sample was 65.1 (9.8) years and 57.5%
were women. Current smokers included 21.0% of the
total population and the average BMI was 26.9 (4.1)
kg/m2. Immune system influencing drugs were used
by 11.4% of the population. The median [interquar-
tile range, IQR] number of CRP measurements was 1
[1–2] and the median [IQR] number of measurements
for the other markers was 2 [1–2].

We included 34 participants with prevalent PD
(mean (SD) age 76.6 (7.8) years, 52.9% women)
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Fig. 2. Association between peripheral immune cell numbers, CRP, and prevalent Parkinson’s disease. GRL, granulocyte-to-lymphocyte
ratio; PLR, platelet-to-lymphocyte ratio; Adapted SII, adapted systemic immune-inflammation index; CRP, C-reactive protein. Odds ratios
are shown per doubling of the marker. Model 1 was adjusted for age and sex. Model 2 was adjusted for age, sex, BMI, smoking, and immune
system influencing drugs. Model 3 was adjusted for age, sex, BMI, smoking, immune system influencing drugs, and lymphocytes. A total
of 8,553 participants were included in the analyses with leukocytes, 8,550 in analyses with monocytes and lymphocytes, 8,551 in analyses
with granulocytes, 8,552 in analyses with platelets, 8,550 in analyses with GLR, 8,548 in analyses with PLR and adapted SII, and 12,426
in analyses with CRP. Prevalent Parkinson’s disease was found in 34 participants for all analyses except for analyses with CRP, which
included 105 participants with prevalent Parkinson’s disease. p-values model 1: Leukocytes: 0.22, Monocytes: 0.28, Lymphocytes: 0.001,
Granulocytes: 0.74, Platelets: 0.51, GLR: 0.003, PLR: 0.01, Adapted SII: 0.04, CRP: 0.70. p-values model 2: Leukocytes: 0.46, Monocytes:
0.32, Lymphocytes: 0.002, Granulocytes: 0.42, Platelets: 0.55, GLR: 0.003, PLR: 0.03, Adapted SII: 0.04, CRP: 0.62. p-values model 3:
GLR: 0.36, PLR: 0.97, Adapted SII: 0.04.

in the logistic regression models of the association
between peripheral immune cell numbers and preva-
lent PD. Figure 2 shows the results of the analyses for
prevalent PD per doubling of the markers, model 1
and model 2 showed comparable results. Participants
with a higher lymphocyte count were less likely to
have prevalent PD (odds ratio (OR) model 2 : 0.34,
95% CI 0.17–0.68). Participants with a higher GLR,
PLR, and adapted SII were more likely to have preva-
lent PD; however, these effects disappeared after
subsequent adjustment for the lymphocyte count (OR
GLR model 3 : 1.40, 95% CI 0.68–2.87, OR PLR
model 3 : 0.98, 95% CI 0.41–2.35, OR adapted SII
model 3 : 1.16, 95% CI 0.71–1.91). At the last mea-

surement of CRP, 105 participants (mean (SD) age
78.4 (8.5) years, 61% women) had prevalent PD.
CRP was not associated with prevalent PD. We sub-
sequently tested the interaction effects of sex with
the peripheral immune cell numbers and CRP, which
were non-significant in all analyses of prevalent PD.

In the analyses of the peripheral immune cell num-
bers, during a median [IQR] follow-up of 14.4 years
[10.0–19.0], 73 participants developed incident PD
and 2,354 participants died. The mean (SD) age at
diagnosis of these incident PD events was 76.6 (8.9)
years and 47.1% were women. The hazard ratios of
the joint models for higher leukocytes, lymphocytes,
platelets, PLR, and adapted SII were suggestive of a
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Table 2
Association between peripheral immune cell numbers, CRP and the risk of incident Parkinson’s disease

Incident Parkinson’s disease
Hazard ratio (95% CI)

Laboratory assessment n/N Model 1 p Model 2 p Model 3 P

Blood cell types
Leukocytes 73/8.435 0.66 (0.27–1.65) 0.38 0.84 (0.33–2.12) 0.72 – –
Monocytes 73/8.432 1.87 (0.60–5.86)a 0.28 2.06 (0.66–6.50)b 0.22 – –
Lymphocytes 73/8.432 0.89 (0.46–1.71) 0.72 0.90 (0.47–1.75) 0.76 – –
Granulocytes 73/8.433 0.82 (0.38–1.79) 0.62 0.99 (0.45–2.22) 0.99 – –
Platelets 73/8.435 0.75 (0.37–1.54) 0.44 0.74 (0.32–1.71)b 0.48 – –

Blood cell-based ratios
GLR 73/8.432 1.02 (0.58–1.81) 0.94 1.07 (0.61–1.90) 0.81 0.90 (0.40–2.01) 0.79
PLR 73/8.431 0.83 (0.51–1.36) 0.47 0.81 (0.49–1.32) 0.40 0.73 (0.35–1.49) 0.38
Adapted SII 73/8.431 0.78 (0.51–1.19) 0.25 0.81 (0.49–1.32) 0.33 0.72 (0.43–1.22) 0.22

CRP 160/12.132 1.03 (0.88–1.22) 0.71 1.06 (0.88–1.26)b 0.54 – –

n, number of PD; N, total number; GRL, granulocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; Adapted SII, adapted systemic
immune-inflammation index; CRP, C-reactive protein. Hazard ratios are shown per doubling of the inflammation marker, confidence intervals
are shown in the parentheses. Model 1 was adjusted for age and sex. Model 2 was adjusted for age, sex, BMI, smoking, and immune system
influencing drugs. Model 3 was adjusted for age, sex, BMI, smoking, immune system influencing drugs, and lymphocytes. aModel with
diagonal covariance matrix and only random intercepts was fitted because of convergence issues. bModel with diagonal covariance matrix
was fitted because of convergence issues.

decreased risk of incident PD and higher monocytes
of an increased risk of incident PD (Table 2). How-
ever, confidence intervals were wide and none of
these results were statistically significant. In the anal-
yses of CRP, during a median [IQR] follow-up of 11.8
years [9.1–17.7], 160 participants developed incident
PD and 5,735 participants died. The mean (SD) age
at diagnosis was 77.4 (7.9) years and 47.5% were
women. There was no evidence for an association of
CRP with the risk of PD. Subsequent analyses of the
interaction between sex and the peripheral immune
cell numbers and CRP in the joint models revealed
no significant results.

Nested case-control analyses

For the nested case-control analyses, two cases
could not be matched to the minimum number of
three controls and were excluded. Figure 3 visualizes
the estimated temporal evolution of the lymphocyte
count for participants with incident PD (n = 85) and
matched controls (n = 255) using linear mixed mod-
els. This figure suggests that the lymphocyte count
starts deviating in PD cases compared to controls at
the time of disease diagnosis.

Sensitivity analyses

As a first sensitivity analysis, we additionally
adjusted the models of prevalent PD for anti-
parkinsonian drugs. These analyses modestly atten-

uated the results of the lymphocyte count, GLR,
PLR and adapted SII (Supplementary Figure 1).
Second, we excluded measurements of participants
with comorbidities, results are shown in Supplemen-
tary Figure 2 and Supplementary Table 1. Results
were comparable to those in the entire sample,
although confidence intervals were wider because
of smaller numbers. Third, we repeated the analy-
ses for prevalent and incident parkinsonism as an
outcome instead of PD. These analyses gave largely
similar results (Supplementary Figure 3 and Sup-
plementary Table 2). However, in contrast to the
results for prevalent PD, the analyses for prevalent
parkinsonism suggested participants with a higher
monocyte count to be less likely to have parkinsonism
and participants with a higher granulocyte count to
be more likely to have parkinsonism, although these
results were not statistically significant. Fourth, Sup-
plementary Figure 4 shows the association between
the first measurement of the peripheral immune cell
numbers, CRP, and prevalent PD. At the first mea-
surement of the peripheral immune cell numbers, 22
participants (mean (SD) age 74.5 (9.0) years, 50.0%
women) had prevalent PD and at the first measure-
ment of CRP, 84 participants (mean (SD) age 77.0
(9.2) years, 64.3% women) had prevalent PD. Effect
sizes were similar compared to using the last mea-
surement, although confidence intervals were wider
because of a smaller sample of people with prevalent
PD. Finally, we repeated the longitudinal analyses by
only including the first measurement of the periph-



674 L.J. Dommershuijsen et al. / Peripheral Immunity in Parkinson’s Disease

Fig. 3. Visualization of the association between lymphocyte count and Parkinson’s disease. The lines show the predicted lymphocyte count
for participants with an average BMI (26.4) who do not use immune system influencing drugs. The shaded areas represent the corresponding
95% credible intervals. Of the 87 incident Parkinson’s disease events, 85 events could be matched with three controls and were included in
the analysis. Matching was performed on birth year, sex, cohort, and the model was adjusted for BMI and immune system influencing drugs.
Adjustment for smoking status was not possible because of the small number of smoking participants.

eral immune cell numbers and CRP (Supplementary
Table 3) and the direction of the effects was compa-
rable to the analyses with repeated measurements.

DISCUSSION

In this population-based study, we found a lower
lymphocyte count in people with clinical PD.
Although the GLR, PLR, and adapted SII were also
associated with prevalent PD, these effects were
driven by the lymphocyte count. Contrary to previous
studies, we found no association between peripheral
immune cell numbers, CRP, and incident PD.

Both the innate and adaptive immune system have
been shown to be involved in the pathogenesis of PD
[2, 3, 9]. However, whether immune system alter-
ations trigger �-synuclein aggregation or act merely
as a response thereof continues to be a source of
debate [3, 8]. Studies have shown that �-synuclein
can activate immune responses [3, 9, 28], but also
that peripheral lymphocytes may infiltrate in the
central nervous system, initiate �-synuclein aggre-
gation and stimulate uptake of �-synuclein in the
brain [3, 7, 28, 29]. Our results support the hypoth-
esis that peripheral immune system alterations act
as a response to already ongoing pathogenesis and
neurodegeneration.

Our finding that participants with a higher lym-
phocyte count were less likely to have prevalent
PD corroborates previous findings of lower levels
of circulating lymphocytes in patients with preva-
lent PD [30–36]. This decrease has been shown to
occur predominantly because of reduced numbers
of CD4 + and CD3 + lymphocytes [37, 38]. Interest-
ingly, our observed association between lymphocytes
and prevalent PD was attenuated after adjustment
for anti-parkinsonian drugs. Emerging evidence indi-
cates that dopamine importantly connects the nervous
system with the immune system [39–41]. Although
lymphocytes express dopaminergic receptors and
dopaminergic agents might thus act directly on
peripheral immune cells [40], recent studies found no
or only small effects of anti-parkinsonian drugs on
peripheral immune cells [30, 41]. The influence of
anti-parkinsonian drugs on the association between
lymphocytes and PD is thus of interest for future
research.

In addition to the effect of lymphocytes, we
found that participants with a higher GLR, PLR,
and adapted SII [19, 42] were more likely to have
prevalent PD. However, this effect was driven by
the lymphocyte count. A few cross-sectional studies
have previously studied the relation between NLR
and prevalent PD. Two studies found statistically
significant higher mean NLR in patients with PD
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compared to controls (adjusted OR Liu et al.: 1.7,
95% CI 1.0–2.9) [43, 44], whereas three other stud-
ies reported largely similar NLR between cases and
controls [36, 45, 46]. None of these previous studies
adjusted their analysis for the lymphocyte count.

We also studied the relation between CRP and
prevalent PD and, in contrast to a 2019 meta-analysis
which found a standardized mean difference of 1.1 of
patients with PD compared to controls [12], we did
not find an association between this acute-phase pro-
tein and prevalent PD. The difference with the recent
meta-analysis [12] might be partially explained by
publication bias, as the meta-analysis included mul-
tiple small studies with large effect sizes.

Only a few previous studies have determined
the association between leukocyte count and the
risk of incident PD [14, 15]. Ton et al. studied the
association between leukocyte count and the risk of
PD in 5,828 participants of the Cardiovascular Health
Study [47]. They reported a higher risk of incident
PD with an increased leukocyte count, although
this effect was not statistically significant [47]. In
addition, Yazdani et al. repeatedly measured blood
immune and inflammation markers in a longitudinal
cohort study of 812,073 participants and followed
the participants for the occurrence of PD [15]. In
contrast to Ton et al., they found that an increased
baseline leukocyte count (HR per SD increase: 0.86,
95% CI 0.80–0.93), driven by lymphocytes (HR per
SD increase: 0.74, 95% CI 0.59–0.94), was associ-
ated with a decreased risk of PD. Finally, Jensen et
al. studied differential leukocyte counts and the risk
of incident PD in 312,590 participants of the UK
biobank [14]. They showed that a lower lymphocyte
count was associated with an increased risk of
incident PD (OR per SD reduction: 1.18, 95% CI
1.07–1.32), which was also confirmed by their subse-
quent Mendelian randomization analyses. Jensen et
al. also described a higher risk of PD with decreased
eosinophil count, monocyte count and CRP,
although these findings were not robust to sensitivity
analyses.

Although our effect estimates of the association
between repeatedly measured lymphocyte counts and
PD risk might suggest a protective effect of a higher
lymphocyte count, these findings were not statisti-
cally significant, were not reproduced in the subset
without comorbidities and are in contrast with our
nested case-control analyses suggesting that the lym-
phocyte count starts to deviate from the expected
average after PD diagnosis. For the monocyte count,
a previous study in people with REM-sleep behavior

(RBD), which is considered a prodromal state of PD,
found no difference between the percentage of total
monocytes, but an increase in percentage of classical
monocytes compared to controls [48]. In addition,
Jensen et al. found some evidence of an increased
risk of PD with reduced monocyte count and the
study of Yazdani et al. found no association between
monocytes and the risk of PD [14, 15]. Because of
these conflicting previous findings and the wide con-
fidence intervals around our estimates, the association
between monocyte count and PD warrants further
investigation.

Differences between our study and the studies by
Yazdani et al. and Jensen et al. [14, 15] which reported
a lower lymphocyte count to be associated with an
increased risk of incident PD could be explained
by several factors. First, these two previous studies
[14, 15] used hospital discharge international clas-
sification of diseases (ICD) codes or self-reported
PD to define incident events. Both studies reported
a significant delay of multiple years between the first
symptom onset and the date of incident PD recorded
in the study [14, 15, 49]. We defined the date of diag-
nosis as the first moment the criteria for PD were
met based on continuous follow-up of clinical records
of general practitioners, nursing homes and hospi-
tals, which has probably led to an earlier and more
accurate event date of PD. However, exclusion of
follow-up time several years before diagnosis did not
substantially alter the results of the previous studies,
suggesting that this discrepancy does not fully explain
the different results. Second, selection bias may have
played a role in the previous studies as the study of
Yazdani et al. included blood samples from general
health check-ups or referrals from outpatient visits
and the study of Jensen et al. analyzed a subset of
the already selected UK biobank cohort. Finally, and
perhaps most importantly, our study only included 73
events of incident PD, thus giving rise to uncertainty
about the estimated effects.

Strengths of this study include the representative
population-based design with continuous follow-up
for the occurrence of PD, which ensures timely and
standardized diagnosis of PD events. Furthermore,
we performed structural and repeated measurements
of peripheral immune cell numbers and CRP, not rely-
ing on measurements performed as part of the clinical
assessment of a patient.

The main limitation of the current study includes
the small number of PD events. Although the inci-
dence of PD in our study was similar to other
population-based studies [50], the number of events
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remained small for the analyses of interest. The
small number of events led to wide confidence inter-
vals around the estimated effects and prohibited us
from performing further stratifications to take into
account the heterogeneity of PD. In addition, given
the previously described association between periph-
eral immune cell numbers, CRP, and mortality [42,
51, 52], death could be considered a competing
event in our analyses which could have biased the
results. Furthermore, the joint and linear mixed mod-
els we used depend on the correct specification of
fixed and random effects to estimate the underlying
value of the marker, misspecification of these mod-
els could have impacted our findings. Finally, we
did not measure lymphocyte subtypes and did not
assess whether cytokines, which could have pro- or
anti-inflammatory properties, were associated with
prevalent or incident PD. A 2016 meta-analysis and
several subsequent studies showed altered concen-
trations of peripheral pro- and anti-inflammatory
cytokine levels in people with PD [53–56] and in
people with REM-sleep behavior disorder [57] com-
pared to controls, but the association with incident
PD remains largely unknown [16, 17].

In conclusion, we found that participants with
a higher lymphocyte count were less likely to
have prevalent PD. In contrast to previous studies,
however, we did not find an association between
peripheral immune cell numbers nor CRP and the
risk of incident PD. The longitudinal relation between
the number of circulating immune cells, biomarkers
of inflammation and the risk of PD warrants further
investigation by large population-based studies.
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