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Abstract 

Introduction Lipopolysaccharide (LPS) is the outer membrane component of Gram‑negative bacteria. LPS‑binding 
protein (LBP) is an acute‑phase reactant that mediates immune responses triggered by LPS and has been used 
as a blood marker for LPS. LBP has recently been indicated to be associated with Parkinson’s disease (PD) in small‑scale 
retrospective case–control studies. We aimed to investigate the association between LBP blood levels with PD risk 
in a nested case–control study within a large European prospective cohort.

Methods A total of 352 incident PD cases (55% males) were identified and one control per case was selected, 
matched by age at recruitment, sex and study center. LBP levels in plasma collected at recruitment, which 
was on average 7.8 years before diagnosis of the cases, were analyzed by enzyme linked immunosorbent assay. Odds 
ratios (ORs) were estimated for one unit increase of the natural log of LBP levels and PD incidence by conditional 
logistic regression.

Results Plasma LBP levels were higher in prospective PD cases compared to controls (median (interquartile range) 
26.9 (18.1–41.0) vs. 24.7 (16.6–38.4) µg/ml). The OR for PD incidence per one unit increase of log LBP was elevated 
(1.46, 95% CI 0.98–2.19). This association was more pronounced among women (OR 2.68, 95% CI 1.40–5.13) and over‑
weight/obese subjects (OR 1.54, 95% CI 1.09–2.18).

Conclusion The findings suggest that higher plasma LBP levels may be associated with an increased risk of PD 
and may thus pinpoint to a potential role of endotoxemia in the pathogenesis of PD, particularly in women and over‑
weight/obese individuals.
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Introduction
Parkinson’s disease (PD) is the second most common 
neurodegenerative disease affecting more than 1% of 
the population aged 60 years and older [1]. The patho-
genesis is complex and multifaceted, with increas-
ing evidence suggesting that neuroinflammation likely 
plays a fundamental role [2]. Mounting evidence sug-
gests a crosstalk between brain inflammation and 
peripheral inflammation [2]. Lipopolysaccharide (LPS, 
also known as endotoxin), the component of the outer 
membrane of Gram-negative bacteria, is a potent acti-
vator of innate immune responses. LPS normally pre-
sents at much higher concentrations in the human gut 
as compared to blood [3]. It has been speculated that 
already during the early stages of PD, LPS increasingly 
enters the blood due to a disrupted intestinal barrier, 
possibly induced by altered gut microbiota [4]. The 
resultant systemic inflammation, induced by elevated 
circulating LPS, might in turn exacerbate ongoing neu-
rodegeneration in PD by reinforcing microglial acti-
vation in the brain [5]. Thus, endotoxemia has been 
hypothesized as a potential pathological mechanism of 
PD [6].

Although accumulating animal studies indicate the 
involvement of the systemic innate immune response 
in PD [5], the associated components and underlying 
mechanism in humans remain unclear. The LPS-bind-
ing protein (LBP) is a secretory acute-phase protein 
synthesized mainly in the liver. LBP has the dual role 
of promoting innate immune responses to LPS [7], as 
well as enhancing the neutralization and clearance of 
LPS by high-density lipoprotein [8]. Given technical 
limitations of measuring LPS in biofluids with sufficient 
accuracy [9], elevated LBP concentrations in serum or 
plasma have been suggested as a useful marker indicat-
ing endotoxemia and systemic inflammation in chronic 
diseases [10–12]. Elevated LBP blood concentration 
was also recently proposed as a biomarker for intestinal 
permeability [13].

Several studies have reported lower LBP blood lev-
els in prevalent PD cases as compared to healthy con-
trols [14–18] (Additional file  1: Table  S1). However, 
these studies were mostly based on small groups of 
PD patients from hospitals. Moreover, LBP levels were 
assessed after the diagnosis, which might be subject 
to reverse causation. To the best of our knowledge, no 
prospective study has yet been conducted on the possi-
ble relation between LBP and the risk of PD. Therefore, 

we aimed to investigate the association between plasma 
LBP levels and the future PD onset measuring LBP lev-
els in pre-diagnostic plasma samples in a large prospec-
tive European cohort.

Methods
Study design
The European Prospective Investigation into Cancer 
and Nutrition (EPIC) is a large prospective cohort study 
that was initiated in 1992 and recruited more than half 
a million people in ten European countries. At the time 
of enrollment, information on diet and lifestyle was col-
lected through validated questionnaires, anthropometric 
measurements were performed, and blood samples were 
collected [19]. The EPIC study was approved by the ethi-
cal committee of the International Agency for Research 
on Cancer (IARC) and by the ethical review boards 
of each study center. All participants signed a written 
informed consent.

The EPIC4PD study was conducted within EPIC and 
aimed to prospectively assess the role of risk factors in 
PD. This sub-study was based on a source population 
of 220,494 subjects from Sweden, the United Kingdom 
(UK), the Netherlands, Germany, Spain, Italy and Greece 
[20]. Potential PD cases were identified through medical 
record linkage and further validated by experts in move-
ment disorders through clinical records, according to 
the diagnostic criteria of the UK Brain Bank. Differen-
tial diagnosis with other movement disorders (multiple 
system atrophy, progressive supranuclear palsy, vascu-
lar parkinsonism, dementia with Lewy bodies, essential 
tremor, PD with essential tremor, unclassifiable parkin-
sonism) was conducted by neurologist experts. A total 
of 881 PD cases were ascertained. Cases who received a 
diagnosis after the date of recruitment were defined as 
incident cases (n = 734) [20].

Reliability of diagnoses was determined by the quality 
of clinical data (rated as ‘poor’, ‘good’ or ‘excellent’), as 
well as the confidence degree of the expert neurologist’s 
final judgement (rated as ‘low’, ‘medium’ or ‘high’) [20]. 
Diagnoses were defined as ‘definite’ only when the con-
fidence degree of the neurologist was high and the data 
quality was excellent; ‘very likely’ when the confidence 
degree was high, but data quality was either good or 
poor; ‘probable’ when the confidence degree was medium 
and data quality was either excellent or good; and diag-
noses were defined as ‘possible’ in all remaining cases.
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Here, we conducted a nested case–control study within 
the EPIC4PD cohort. A total of 352 incident PD cases for 
whom a plasma sample was available were included for 
current analyses. No subjects from Sweden and Greece 
were included as no blood samples were available in the 
central EPIC biobank. Among the included cases, 45 and 
144 were categorized as ‘definite’ and ‘very likely’ cases, 
respectively. One control per case was selected by inci-
dence density sampling matched by age at recruitment, 
sex and study center.

Lipopolysaccharide‑binding protein measurement
A blood sample was obtained from each participant at 
recruitment and stored at a central biobank in liquid 
nitrogen (at − 196  °C). LBP in plasma was measured by 
enzyme linked immunosorbent assay (ELISA) (HK315-
02, Hycult Biotech) in duplicates. The arithmetic mean 
of the duplicate measurements for each participant was 
calculated and used in the statistical analyses. Relative 
standard deviation (RSD) was calculated to check the 
variability of the two measurements. The ELISA assays 
were run on 11 plates, with samples from 64 subjects 
in each. All pairs of PD case and matched control were 
measured on the same plates to avoid batch effects in the 
case–control comparison. The median for RSD of dupli-
cate measurements for one subject was 4.7% (interquar-
tile range 1.9–9.6%), and the RSD of average LBP levels 
among all subjects was 57.9%.

Statistical analysis
Conditional logistic regression for the matched case–
control sets was applied to investigate the association 
between plasma LBP levels and PD. LBP levels were 
naturally log-transformed to reduce influence of extreme 
values. Smoking is a well recognized inverse risk factor 
for PD [21], and increased body mass index (BMI) is indi-
cated associated with higher PD incidence [22]. Further 
considering being overweight and a smoker are related 
to higher LBP levels [23], smoking status and BMI were 
deemed as potential confounders and adjusted for in our 
models. Subjects with missing information on smoking 
status (n = 10 for cases, n = 13 for controls) were coded as 
‘unknown’.

To assess possible effect modification by sex, we per-
formed stratified analyses on men and women. We also 
stratified analyses by smoking status at recruitment (cur-
rent, former, never smokers) and BMI (BMI < 25  kg/m2, 
BMI ≥ 25 kg/m2), for which mixed effects logistic regres-
sion was used, adjusted for the matching variables (age at 
recruitment, sex, study center) and BMI/smoking status 
as fixed effects. ELISA plate was treated as random effect 
since batch effects might exist given different RSDs in 
analytical plates (Additional file 1: Fig. S1).

To investigate LBP levels in different stages prior to 
diagnosis, we ran mixed linear regression analyses on 
the pre-diagnostic periods (defined as time between 
recruitment and PD diagnosis) and natural log LBP levels 
among PD cases.

Furthermore, we performed sensitivity analyses: (i) 
excluding PD cases diagnosed within 8  years (median) 
after recruitment to rule out possible reverse causality; 
(ii) including only definite and very likely PD diagnosis; 
(iii) excluding case–control pairs in the two plates of 
ELISA where the RSDs for duplicate LBP measurements 
were relatively high (Additional file 1: Fig. S1); and (iv) we 
additionally adjusted for six main food categories (fruit, 
vegetables, meat, cereal, dairy, fish/seafood intake) one-
by-one to account for possible impact of diet on micro-
biota and LBP.

Results
A total of 352 PD cases (55% males) and 352 matched 
controls were included in this study (Table  1). The 
median age at recruitment was 60 years, and the median 
period between recruitment and PD diagnosis was 

Table 1 Characteristics of study participants

Continuous data were expressed as median (interquartile range)

Categorical data were expressed as number (percentage)

BMI body mass index—calculated as the weight in kilograms divided by the 
square of the height in meters
a Matching variables

Characteristic PD cases
n = 352

Controls
n = 352

Age at recruitment,  yearsa 60.8 (54.8–65.7) 60.4 (55.0–65.2)

Age at PD diagnosis, years 68.7 (62.8–74.0) –

Years between recruitment and PD 
diagnosis

7.8 (4.6–11.0) –

Sex, n (%)a

 Male 195 (55%) 195 (55%)

 Female 157 (45%) 157 (45%)

Country, n (%)a

 Italy 54 (15%) 54 (15%)

 Spain 97 (28%) 97 (28%)

 UK 142 (40%) 142 (40%)

 Netherlands 13 (4%) 13 (4%)

 Germany 46 (13%) 46 (13%)

Smoking status at recruitment, n (%)

 Never smokers 183 (52%) 174 (49%)

 Former smokers 116 (33%) 110 (31%)

 Current smokers 43 (12%) 55 (16%)

 Unknown 10 (3%) 13 (4%)

BMI categories, n (%)

 BMI < 25 kg/m2 119 (34%) 137 (39%)

 BMI ≥ 25 233 (66%) 215 (61%)
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7.8  years. Smoking status and BMI at recruitment were 
not significantly different between PD cases and controls.

Plasma LBP levels were right-skewed distributed (Addi-
tional file  1: Fig. S2). LBP levels were slightly higher in 
PD cases than in controls (median (interquartile range), 
26.9 (18.1–41.0) vs. 24.7 (16.6–38.4) µg/ml). LBP con-
centrations in overweight/obese subjects (BMI ≥ 25  kg/
m2) were significantly higher than in normal-weight sub-
jects (BMI < 25 kg/m2) (median (interquartile range), 27.2 
(18.1–42.7) vs. 23.3 (16.5–37.1) µg/ml; p-value 0.004).

A positive association was observed between LBP lev-
els at baseline and future PD diagnosis (Table  2). The 
adjusted odds ratio (OR) was 1.46 (95% confidence inter-
val (CI) 0.98–2.19) per one natural log unit increase in 
LBP levels. Stratified by sex, elevated LBP levels were 
associated with PD incidence among women (OR 2.68, 
95% CI 1.40–5.13), while for men the OR was 0.93 
(0.55–1.59) (p-value for interaction 0.016). The asso-
ciation among never smokers was slightly stronger (OR 
1.30, 95% CI 0.87–1.95) than in current and former 
smokers but there was no evidence for effect modifica-
tion (p-value for interaction > 0.05). In contrast, BMI sig-
nificantly modified the association between LBP and PD 
(p-value for interaction 0.018). LBP was positively associ-
ated with incident PD in overweight/obese subjects (OR 
1.54, 95% CI 1.09–2.18), but not in normal-weight coun-
terparts (OR 0.78, 95% CI 0.48–1.28). Sensitivity analy-
ses did not materially change the observed associations 

(Table  2). Additional adjusting for food intake revealed 
similar results compared with the main analysis (data not 
shown).

There was no obvious trend for plasma LBP levels in 
different pre-diagnostic periods among PD cases (Fig. 1). 

Table 2 Association between plasma LBP levels and risk of PD

a Median (interquartile range)/the number of subjects
b Odds ratio for one unit increase of naturally logarithmic LBP
c Conditional logistic regression for the matched case–control sets, adjusted for BMI and smoking status
d Mixed effects logistic regression, adjusted for age at recruitment, sex, study center, as well as BMI or smoking status when applicable, ELISA plate as random effect
e Mixed effects logistic regression, adjusted for age at recruitment, sex, study center, BMI and smoking status, ELISA plate as random effect

PD cases
plasma LBP (µg/ml)a/n

Controls
plasma LBP (µg/ml)a/n

Odds ratio (95% CI)b p‑value

Main  analysisc 26.9 (18.1–41.0)/352 24.7 (16.6–38.4)/352 1.46 (0.98–2.19) 0.061

Subgroup analysis by  sexc

 Men 24.6 (18.1–38.9)/195 24.2 (16.9–39.3)/195 0.93 (0.55–1.59) 0.797

 Women 29.6 (18.2–44.0)/157 25.4 (16.1–37.9)/157 2.68 (1.40–5.13) 0.003

Subgroup analysis by smoking  statusd

 Current smokers 29.7 (19.1–42.6)/43 23.0 (16.3–43.5)/55 1.12 (0.49–2.51) 0.793

 Former smokers 24.2 (17.2–38.1)/116 25.4 (16.6–37.7)/110 1.09 (0.65–1.84) 0.736

 Never smokers 27.8 (18.2–40.9)/183 24.4 (17.1–37.0)/174 1.30 (0.87–1.95) 0.198

Subgroup analysis by  BMId

 BMI < 25 kg/m2 22.7 (15.8–33.3)/119 24.5 (16.7–38.0)/137 0.78 (0.48–1.28) 0.331

 BMI ≥ 25 kg/m2 29.6 (19.4–43.9)/233 24.8 (16.6–38.4)/215 1.54 (1.09–2.18) 0.016

Exclude cases diagnosed within 8  yearse 23.7 (16.3–40.1)/169 23.9 (16.1–37.3)/169 1.45 (0.79–2.65) 0.234

Include definite and very likely cases  onlye 24.8 (17.1–40.8)/189 24.7 (16.6–39.6)/189 1.19 (0.69–2.07) 0.532

Exclude ELISA plates with high variability 
between  duplicatesc

26.4 (18.2–39.7)/288 24.2 (16.6–36.8)/288 1.55 (0.99–2.41) 0.053

Fig. 1 Scatter plot of pre‑diagnostic plasma LBP levels in PD cases 
only (n = 352) in relation to years to diagnosis. The line represents 
the linear regression fitted on log‑transformed LBP levels (β − 0.004)
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The coefficient estimate between logarithmic LBP and 
year to diagnosis from the linear regression was − 0.004 
(95% CI − 0.015 to 0.007).

Discussion
This is the first study to investigate the association 
between pre-diagnostic LBP levels and PD risk, utiliz-
ing a large European-wide prospective cohort. LBP lev-
els at recruitment were higher in those who subsequently 
developed PD, which was most pronounced among 
women and overweight/obese subjects. No differences 
in LBP levels were observed in different pre-diagnostic 
periods.

LBP is an acute-phase protein synthesized mainly by 
hepatocytes. It binds and transfers LPS in blood to the 
cellular receptor complex consisting of CD14, MD2 and 
Toll-like receptor 4, resulting in the activation of immune 
cells and production of inflammatory factors [7]. The lev-
els of LBP rapidly increase when LPS enters the circula-
tion, even at a subclinical level [24]. LBP is more stable 
than LPS in blood (half-life, 12–24  h [25] vs. 2–4  min 
[26]) and can be easily measured with immunoassay, 
making it a good indicator of exposure to LPS.

Elevated LBP levels in blood have been shown to be 
associated with a higher risk of diverse chronic diseases, 
including cardiovascular disease [10], allergy [27], arthri-
tis [12], Crohn’s disease [11], and metabolic syndrome 
[28]. Similar to our findings (median level 26.9  µg/ml), 
LBP concentrations in patients from these studies were 
around 20 µg/ml, which are much lower than the levels in 
acute-phase response (> 100  µg/ml) [29]. These low but 
increased LBP levels possibly reflect low-grade endotox-
emia and chronic systemic inflammation. Chronic sys-
temic inflammation, which, unlike acute inflammation, 
fails to resolve and leads to a persistent and chronic state 
[7], has been well acknowledged to be involved in PD 
pathogenesis [5]. Our findings, in particular those among 
women and overweight/obese individuals, provide fur-
ther support for the role of low-grade chronic inflamma-
tion in the development of PD.

Excess LPS in the circulation has been hypothesized 
to result from leaky gut in PD due to intestinal bar-
rier dysfunction. A few preliminary studies observed 
reduced tight junction protein expression in colonic 
samples of PD patients [18, 30, 31], and some studies 
reported increased intestinal permeability in patients 
[14, 18, 32, 33]. Changes of gut microbiota composition 
may cause alterations in the gut barrier function and 
permeability. Recent studies have reported depletion 
of bacteria in the Lachnospiraceae family and the Fae-
calibacterium genus [34], which produce butyrate that 
is a fundamental energy source for intestinal epithe-
lial cells and plays a role in the maintenance of colonic 

homeostasis [35, 36]. Bacterial products such as LPS in 
gut lumen gain access to lamina propria and the blood-
stream by gut hyperpermeability. In our study, higher 
LBP levels in PD cases, which are suggested as an indi-
cator for increased intestinal permeability [13], further 
supports the involvement of LPS from the intestine in 
PD pathogenesis.

Aside from the inflammation pathway induced by LPS 
in the bloodstream, a putative mechanism by which com-
promised intestinal barrier may influence the brain in PD 
is the vagal pathway. It has been speculated that alpha-
synuclein misfolding and aggregation initially start at the 
intersection of the gut lumen and the enteric nervous 
system, which are probably triggered by microbes and 
their products [37]. Alpha-synuclein may then be propa-
gated to neurons in the central nervous system through 
the vagus nerve via retrograde transport, causing abnor-
mal alpha-synuclein deposits in the brain, which is a hall-
mark of PD pathology [37].

In our study, circulating LBP levels were higher in over-
weight/obese than in normal-weight individuals, which is 
in line with previous findings from general populations in 
China [28, 38] and Spain [23]. Effect modification of BMI 
of the association between LBP and PD risk was noted, 
and the association was strongest among overweight/
obese individuals. This phenomenon is reasonable due to 
the low-grade chronic inflammation in the development 
of obesity [39], and gut microbiota is considered as one 
of the factors in the process. Many experimental studies 
demonstrated altered microbiota composition, enhanced 
intestinal permeability, low-grade endotoxemia in animal 
models of obesity [40–42]. However, the exact biological 
mechanisms of obesity in the crosslink between gut and 
PD need further exploration.

Several epidemiological studies have reported an asso-
ciation between LBP levels in serum or plasma and the 
presence of PD (Additional file  1: Table  S1) [14–18]. 
However, contrary to our results, they all found lower 
LBP levels in clinically manifest PD compared to con-
trols. Therefore, the difference in LBP is possibly driven 
by the consequences of the disease (e.g., chronic consti-
pation that is typical of PD, changes in diet, medications) 
and does not necessarily contribute to the occurrence of 
the disease (the average disease duration in these studies 
ranged from 2 to 9.5 years [14–18]). One study indicated 
that LBP could be transported from the systemic circula-
tion to the intestinal epithelial basolateral and finally into 
the gut lumen during endotoxemia [43]. This transintes-
tinal efflux possibly explains lower LBP levels in preva-
lent PD cases, especially when the disease progresses, 
and the intestinal barrier function deteriorates further. 
The mechanisms underlying discordant blood LBP levels 
before and after PD onset remain to be elucidated.
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A limitation of our study is that we did not simulta-
neously analyze proinflammatory cytokines, systemic 
endotoxin, and intestinal barrier function, thus we 
could not verify the mechanistic associations between 
intestinal microbiota composition, increased intestinal 
permeability, and LPS invasion. Second, our study was 
performed in patients whose samples were taken dur-
ing the prodromal phase of PD, on average eight years 
prior to the diagnosis. Constipation occurs as early as 
20 years before the onset of motor symptoms [44], and 
we have no information about the presence of bowel 
dysfunction in our participants at the time of sample 
collection. Therefore, we cannot fully exclude that the 
higher LBP levels in our study were secondary to PD-
related constipation. However, the fact that we see no 
association between time-to-diagnosis and LBP lev-
els while symptoms worsen closer to diagnosis might 
speak against this. Furthermore, the observed sex-
related discrepancy of LBP levels and PD risk, as the 
association was significant in women only, suggests the 
potential presence of distinct sex-dependent pathologi-
cal mechanisms, which need further confirmation in an 
independent cohort and warrant further exploration.

Conclusion
Overall, our results showed that elevated LBP levels 
prior to diagnosis were associated with higher PD risk 
in women and overweight/obese individuals. This is the 
first study to evaluate pre-diagnostic blood LBP levels, 
shedding some light on LPS-mediated inflammation in 
the gut–brain axis hypothesis of PD. Future prospective 
studies are needed to elucidate the association between 
markers of endotoxemia and the risk of PD.
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