
Association of Lipopolysaccharide-Type
Endotoxins with Retinal Neurodegeneration:
The Alienor Study

Petra P. Larsen, MD,1 Catherine Féart, PhD,1 Jean-Paul Pais de Barros, PhD,2 Laure Gayraud, MSc,1

Marie-Noëlle Delyfer, MD, PhD,1,3 Jean-François Korobelnik, MD,1,3 Cédric Schweitzer, MD, PhD,1,3

Cécile Delcourt, PhD1

Purpose: Lipopolysaccharide (LPS)-type endotoxins are naturally found in the gut microbiota and there is
emerging evidence linking gut microbiota and neuroinflammation leading to retinal neurodegeneration. Thinning
of the retinal nerve fiber layer (RNFL) is a biomarker of retinal neurodegeneration, and a hallmark of glaucoma, the
second leading cause of blindness worldwide. We assessed the association of a blood biomarker of LPS with
peripapillary RNFL thickness (RNFLT) and its longitudinal evolution up to 11 years.

Design: The Alienor study is a single center prospective population-based cohort study.
Subjects: The studied sample of this study includes 1062 eyes of 548 participants receiving �1 gradable

RNFL measurement.
Methods: Plasma esterified 3-hydroxy fatty acids (3-OH FAs) were measured as a proxy of LPS burden.

Retinal nerve fiber layer thickness was acquired using spectral-domain OCT imaging every 2 years from 2009 to
2020 (up to 5 visits).

Main Outcome Measures: Associations of plasma esterified 3-OH FAs with RNFLT were assessed using
linear mixed models.

Results: Mean age of the included 548 participants was 82.4 � 4.3 years and 62.6% were women. Higher
plasma esterified 3-OH FAs was significantly associated with thinner RNFLT at baseline (coefficient beta ¼ �1.42
microns for 1 standard deviation-increase in 3-OH FAs, 95% confidence interval [�2.56; �0.28], P ¼ 0.02). This
association remained stable after multivariate adjustment for potential confounders. No statistically significant
association was found between 3-OH FAs and longitudinal RNFLT change.

Conclusions: Higher plasma esterified 3-OH FAs were associated with thinner RNFLT at baseline, indicating
an involvement of LPS in the early processes of optic nerve neurodegeneration and highlighting the potential
importance of the human microbiota in preserving retinal health.
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Glaucoma comprises a heterogeneous group of diseases
characterized by irreversible progressive loss of retinal
ganglion cells (RGCs). Data from population-based surveys
indicate that globally >3.5% of adults aged 40 to 80 years
are affected by glaucoma, which equates to >95 million
people.1,2

All forms of glaucoma are characterized by RGC loss,
retinal nerve fiber layer (RNFL) thinning, and cupping of the
optic disc. The anatomy of the anterior chamber angle defines
open-angle and angle-closure glaucoma. Glaucoma is further
classified into primary or secondary, where primary cannot be
contributed to any known cause and secondary glaucoma
develops due to other disease or injury. Several other forms
of glaucoma exist, including developmental glaucoma.
ª 2024 by the American Academy of Ophthalmology
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In people with European, Hispanic, and African ancestry,
the most common form of glaucoma is primary open-angle
glaucoma (POAG), whereas angle-closure glaucoma is more
common in Asia.3 The most important risk factors (both for
open-angle and angle-closure glaucoma) are age, elevated
intraocular pressure, and positive family history. For open-
angle glaucoma, myopia has been consistently reported as
a risk factor.

As early-stage glaucoma is mostly asymptomatic, diag-
nosis is frequently delayed. In the last decades, spectral-
domain OCT (SD-OCT) has facilitated noninvasively
characterizing changes in the RNFL more distinctly,
enabling quantification of progression already at a very early
stage of disease by providing reproducible measurements of
1https://doi.org/10.1016/j.xops.2024.100610
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peripapillary RNFL thickness (RNFLT) with an axial reso-
lution of 5 mm.4

Although to date many different types of medication and
surgery exist for glaucoma, their common aim is to prevent
further damage as no treatment for irreversible damage to
the optic nerve exists. Indeed, the multifactorial nature of
POAG so far prevents the modeling of this disease in vitro
and in vivo and thus the exact pathogenesis remains unclear.

Several human and animal studies indicate inflammatory
changes in the RGC layer and the optic nerve head. In
particular, a wide range of oxidative stress-related makers
were found in glaucomatous patients, which may contribute
to damage in the optic nerve. In recent years the “gut-eye”
axis, a link between gut microbiota, diet, and micronutrients,
has been described in ophthalmic pathologies, including
glaucoma.5,6 Growing evidence also indicates the role of
oral microbiota in glaucoma pathophysiology. Altered
microbiota may impair the integrity of surface barriers
allowing pathogens, bacterial endotoxins like
lipopolysaccharide (LPS)-type endotoxins, cytokines, and
other proinflammatory substances to pass into circulation,
resulting in systemic inflammation, potential impairment
of the immune response, and/or local ocular inflammation.

As component of the outer membrane of Gram-negative
bacteria, LPS-type endotoxins are naturally found in the
human microbiota. Mounting evidence indicates the
involvement of LPS in the development of many chronic
diseases, including glaucoma.7 In the eye, proinflammatory
signaling via LPS occurs in microglia, perivascular
macrophages, dendritic cells, photoreceptors, and retinal
pigment epithelium cells and has been implicated in
retinopathy of prematurity, diabetic retinopathy, age-
related macular degeneration, and glaucoma (Fig 1). Low-
dose LPS administration in glaucoma animal models
resulted in enhancement of axonal degeneration and
neuronal loss.8 Also, increased neuronal apoptosis and
evidence of microglial activation after LPS exposure has
been reported.9

Thus, this study was conducted to further investigate the
role of a serum biomarker of LPS exposure with peripapil-
lary RNFLT in the framework of a population-based cohort
study of older adults.
Methods

Study Cohort

The Alienor study is a prospective population-based cohort study
initiated in 2006 to assess the epidemiology of age-related eye
diseases. Subjects of the Alienor study were recruited from the
population-based Three City (3C) study cohort of Bordeaux
(France).10 The 3C study is a multicenter population-based pro-
spective cohort study initiated in 1999 to assess the vascular risk
factors of dementia. The 3C study included community-dwelling
individuals aged >65 years randomly drawn from electoral rolls.
Between 1999 and 2001, 9294 subjects were recruited in 3 French
cities: Bordeaux (n ¼ 2104), Dijon (n ¼ 4931), and Montpellier
(n ¼ 2259).

During the third follow-up of the 3C study (2006e2008), an
ophthalmic examination was offered to all subjects of the 3C
Bordeaux cohort, which marks the baseline of the Alienor study. A
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total of 963 subjects were enrolled at baseline and have been
examined every 2 years ophthalmically in parallel with the 3C
study. In 2024, the sixth and final follow-up visit of the Alienor
cohort was completed, which correlates to up to 18 years of
ophthalmic follow-up http://www.alienor-study.com/langue-en-
glish-1.html, accessed on July 30, 2024). More details on both the
3C study cohort and the Alienor study cohort have been already
published elsewhere.10,11

The Alienor study followed the tenets of the Declaration of
Helsinki and was approved prospectively by the Ethical Committee
of Bordeaux (Comité de Protection des Personnes Sud-Ouest et
Outre-Mer III, code 2006/10) in May 2006. Informed consent of all
participants of the Alienor study was obtained after explanation of
the nature and possible consequences of the study.

Ophthalmic Examination and Imaging

The initial Alienor study protocol includes visual acuity, refraction,
intraocular pressure, and 45� nonmydriatic high-resolution color
retinal photographs (TRC NW6S).11 Starting from the first follow-
up visit (2009e2011), SD-OCT examinations of the macula and
the optic nerve were included to the Alienor study protocol
(Spectralis; Heidelberg Engineering). Thus, SD-OCT examinations
are available at 5 time points from 2009 to 2020. The same OCT
device was used at all follow-up visits.

For the peripapillary SD-OCT RNFL acquisition, the high-
resolution protocol was employed. Retinal nerve fiber layer ex-
aminations were performed using 1536 A-scans of low coherence
near-infrared (840 nm) light beam. Thickness measurements of
peripapillary RNFL were calculated using the circle scan provided
by the machine, which consisted of a 3.45-mm diameter circle scan
centered on the optic disc. Global peripapillary RNFLT was
automatically segmented and calculated (Fig S2, available at
www.ophthalmologyscience.org). All images were acquired and
reviewed by specially trained technicians and manual corrections
were performed if necessary. Correction for fovea-disc orienta-
tion is incorporated in the software and a real-time eye tracking
system is used to compensate for eye movements. Signal strength
<15 decibels (range, 0e40) or acquisitions with artifacts were
excluded from the analysis. 12

Assessment of LPS-Type Endotoxins

All plasma measurements were assessed using blood samples
collected during the 3C baseline visit (1999e2001).

Plasma esterified 3-hydroxy fatty acids (3-OH FAs) were
quantified as a proxy of total plasma LPS burden using liquid
chromatography tandem mass spectrometry. This method was
previously described by Pais de Barros et al and quantifies plasma
esterified 3-OH-FAs serve as a proxy for total plasma LPS
burden.13 The detailed protocol can be found in Supplementary
Methods 1 (available at www.ophthalmologyscience.org).

Covariates

Sociodemographic data, lifestyle characteristics, and medical var-
iables were collected at 3C baseline.11

Medical variables including diabetes (fasting blood glucose �7
mmol/L or diabetes medication), hypertension (blood pressure
>140/90 mm Hg or antihypertensive medication), self-reported
cardiovascular history, and systemic lipid-lowering drugs were
also assessed at 3C baseline. Fasting plasma lipids were measured
at the Biochemistry Laboratory of the University Hospital of Dijon,
France using routine enzymatic techniques.

Family history of glaucoma and axial length measurement were
collected at Alienor baseline. Intraocular pressure was noted at
time of first RNFL measurement.

http://www.alienor-study.com/langue-english-1.html
http://www.alienor-study.com/langue-english-1.html
https://www.ophthalmologyscience.org
https://www.ophthalmologyscience.org


Figure 1. Potential impact of LPS on retinal ganglion cell death: impaired gut microbiota leads to translocation of proinflammatory signaling including
bacterial LPS into systemic circulation. LPS induces an upregulation of TLR4 and the complement system in the retina. Microglia are among the first cells to
be activated via TLR4, which in turn triggers the release of inflammatory cytokines activating apoptotic pathways leading to retinal ganglion cell death. IL-
1b ¼ interleukin 1b; IL-6 ¼ interleukin 6; LPS ¼ lipopolysaccharide; MMPs ¼ matrix metalloproteinases; TLR4 ¼ Toll-like receptor 4; TNF-a ¼ tumor
necrosis factor-a.
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The Mediterranean diet score is based on the MEDI-LITE
score, which measures adherence to Mediterranean diet based on
the literature and was developed by Sofi et al.14 This score is based
on a 148-items validated food frequency questionnaire and reflects
the level of adherence to the Mediterranean diet, ranging from
0 (poor adherence) to 18 (highest adherence).

The social deprivation index, a socioeconomic index based on
the French European deprivation index adapted to elderly people,
was calculated at the 3C baseline residential address.15

Statistical Analyses

Associations of plasma esterified 3-OH FAs with peripapillary
RNFLT were estimated using linear mixed models, with the eye as
the unit of analysis, as described previously.16 Interaction between
3-OH FAs and time was used to account for longitudinal effects.

All conditions for the application of the linear mixed model
were verified. The linearity of quantitative variables was investi-
gated using restricted cubic spline functions. Z score standardiza-
tion was applied to the exposure variable 3-OH FAs.

Multivariate imputation by chained equations was performed to
impute missing covariates, assuming that missing data were
Missing At Random; more details can be found here.17,18 The
fraction of missing/imputed data can be found in Table S1 and
S2 (available at www.ophthalmologyscience.org). Multivariate
adjustment was performed after imputation. Model 1 was
adjusted for age and sex. Model 2 was further adjusted for the
most relevant potential confounders identified from the literature
and with a directed acyclic graph.

R software version 4.3.3 (R Foundation for Statistical
Computing) was used for statistical analyses.

Results

Characteristics of the Studied Sample

Peripapillary RNFL examinations were included to the
Alienor study protocol at the first follow-up visit. Thus, the
studied sample comprises all examinations beginning with
the first follow-up visit of the Alienor study. Of the
examined 888 participants, 411 eyes of 225 participants had
no gradable RNFL scan (Fig 3). Another 303 eyes of 155
participants were excluded because of missing data for
plasma esterified 3-OH-FA levels, leaving 1062 eyes of
548 subjects for further analyses. In total, 2497 RNFL ex-
aminations of 548 subjects were analyzed.

Among the 548 included participants, mean age at first
RNFL measurement was 82.4 years (�4.3), of which 343
(62.6%) were female (Table 3). Almost two-thirds of the
study sample were never smokers, 15.3% were obese (body
mass index >30 kg/m2), and the most common comorbidity
was hypertension (72.3%). The average number of drugs
consumed by each participant was 3.9 (�2.6). In particular,
15.5% of the participants took anti-inflammatory medication
and 33.0% lipid-lowering medication, respectively. Included
participants tended to be slightly younger and were less
likely to have hypertension. No significant difference was
observed for other sociodemographic, lifestyle, or medical
data (Table 3). A total of 180 (32.8%) participants received
1 RNFL examination, 147 (26.8%) received 2, 103 (18.8%)
received 3, 64 (11.7%) received 4, and 54 (9.9%) received 5.
For the 368 participants receiving >1 RNFL examination,
the average follow-up time was 4.7 years (range 1.0e10.3).

Multivariate Analysis

3-Hydroxy fatty acids were standardized using the formula
Z ¼ (x-m)/s, where Z is the standard score, m the mean, and
s the standard deviation of 3-OH FAs, respectively.
Measured concentration of 3-OH FAs as well as the stan-
dardized values together with a Gaussian overlay can be
found in Figure 4.

Associations between esterified 3-OH FAs and RNFLT
are shown in Table 4. Using linear mixed model analysis,
higher exposure to esterified 3-OH FAs was significantly
associated with reduced RNFLT after adjustment for age
and gender (model 1: coefficient beta [ß] ¼ �1.42 microns
3
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Figure 3. Flow chart showing selection of participants for analyses. Data from the Alienor study, follow-up 1 to follow-up 5; 2009 to 2020. 3-OH FAs ¼ 3-
hydroxy fatty acids; F-UP ¼ follow-up examination; RNFL ¼ retinal nerve fiber layer.
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for 1 SD-increase in 3-OH FAs, 95% confidence interval
[CI] [�2.56; �0.28], P ¼ 0.02).

Further multivariate adjustment showed consistently a sta-
tistically significant association of exposure to 3-OH FAs with
RNFLT (model 2: ß ¼ �1.44, CI [�2.56; �0.33], P ¼ 0.01).
Table 3. Description of the Study Population at Base

Characteristics

Included (n ¼ 54

Age 82.4 � 4.3
Sex
Male 205 (37.4%)
Female 343 (62.6%)

Smoking (pack-years) n ¼ 543
Never smoked 352 (64.8%)
<20 98 (18.0%)
�20 93 (17.1%)

BMI (kg/m2) n ¼ 548
[0, 18.5) 3 (0.5%)
[18.5,25) 212 (38.7%)
[25, 30) 249 (45.4%)
[30, 59] 84 (15.3%)

Social deprivation index 0.6 � 2.2
Plasma lipids (mmol/L)
LDL cholesterol 3.7 � 0.8
HDL cholesterol 1.6 � 0.4
Triglycerides 1.2 � 0.6

Diabetes 40 (7.3%)
Hypertension 396 (72.3%)
Cardiovascular diseases 43 (7.8%)
Mediterranean diet score 10.6 � 2.1
Lipid-lowering medication 181 (33.0%)
Family history of glaucoma n ¼ 537

73.0 (13.6%)
Axial length n ¼ 321
Right eye 23.5 � 1.2
Left eye 23.4 � 1.1

Intraocular pression n ¼ 542
Right eye 13.4 � 2.3
Left eye 13. 6 � 2.4

Global peripapillary RNFL thickness (mm) n ¼ 1062 eye
89.8 � 14.5

BMI ¼ body mass index; HDL ¼ high-density lipoprotein; LDL ¼ low-density
Alienor study, 2009 to 2020.
Bold values represent statistically significant results.

4

Mean decrease of RNFLT over time derived from both
model 1 and 2 was 0.56 � 0.05 mm/year (P < 0.001).
However, the longitudinal follow-up of participants with
higher exposure to esterified 3-OH FAs did not show any
statistical association to RNFLT change during the follow-up
line RNFL Measurement (Mean � SD or n [%])

8) Nonincluded (n ¼ 340)

P ValueMean � SD or n (%)

84.4 � 5.0 <0.001
0.05

105 (30.9%)
235 (69.1%)
n ¼ 332 0.13

233 (70.2%)
48 (14.5%)
51 (15.4%)
n ¼ 331 0.84
5 (1.5%)

133 (40.2%)
133 (40.2%)
60 (18.1%)
0.7 � 2.2 0.57

3.5 � 0.8 0.08
1.6 � 0.4 0.55
1.3 � 0.7 0.27
30 (8.8%) 0.12
267 (78.5%) 0.03
35 (10.3%) 0.25
10.6 � 2.0 0.88
102 (30.0%) 0.40
n ¼ 203

21.0 (10.3%) 0.29
n ¼ 119
23.8 � 1.9 0.09
23.7 � 1.7 0.16
n ¼ 330
13.3 � 2.3 0.40
13.4 � 2.2 0.21

s - -

lipoprotein; RNFL ¼ retinal nerve fiber layer; SD ¼ standard deviation.



Figure 4. Distribution of measured concentration of the plasma esterified 3-OH FA with Gaussian curve overlay. 3-OH FA ¼ 3-hydroxy fatty acid;
Z-score ¼ standard score, m ¼ mean, s ¼ standard deviation.
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of the study (model 1: ß ¼ 0.03, CI [�0.08; 0.13], P ¼ 0.60,
model 2: ß ¼ 0.03, CI [�0.08; 0.14], P ¼ 0.58).

The evolution of RNFLT over the follow-up predicted by
model 2 is presented in Figure 5. This graphical
representation of model 2 shows a clear association of
higher exposure of esterified 3-OH FAs with thinner
RNFLT at baseline, comparing Z ¼ 1 to Z ¼ �1 (i.e., a
difference of 2 standard deviations in 3-OH FAs). Figure 5
also illustrates the mean decrease of RNFLT over time and
reveals an almost parallel RNFLT evolution of participants
with and without higher exposure to esterified 3-OH FAs,
corresponding to the lack of interaction with time.
Discussion

In this cohort, higher levels of 3-OH FAs, a proxy of plasma
LPS exposure, were significantly associated with thinner
peripapillary RNFLT at baseline. This significant associa-
tion remained stable after multivariate-adjustment for po-
tential confounders.
Table 4. Associations between Esterified 3-Hydroxy Fatty Ac

Baseline

b (95% CI) P va

Model 1* �1.42 [�2.56; �0.28] 0.0
Model 2y �1.44 [�2.56; �0.33] 0.0

CI ¼ confidence interval.
Alienor study, 2009 to 2020 (n ¼ 548; 2497 examinations).
*Model 1 was adjusted for age and sex.
yModel 2 was adjusted for age, sex, social deprivation index, family history
cholesterol, low-density lipoprotein cholesterol, triglycerides, diet quality, bod
covariates).
To our knowledge, this is the first study analyzing the
association between plasma-endotoxin exposure and
RNFLT. However, emerging research suggests a potential
link between alterations in human microbiota composition,
leading to higher plasma-endotoxin exposure, and
glaucoma.7,8

Looking into human data, Collins et al found an asso-
ciation between POAG and mitochondrial DNA variants,
which were also associated with alterations in the gut
microbiome in an earlier association study of mitochondrial
variation.19,20 Recently, differences in certain human gut
microbial taxa between patients with POAG and controls
have been described.21,22 Also a positive correlation of
Streptococcus in fecal samples with RNFL has been
reported.21 Recently, a Mendelian randomization analysis
assessed the causal links between gut microbiota taxa and
POAG.6 Using single-nucleotide polymorphisms
associated with human gut microbiome from a multiethnic
cohort of 18 340 individuals, and data for POAG
including 133 492 cases and 90 939 controls, they
reported that with high statistical powers of the causal
ids and Peripapillary Retinal Nerve Fiber Layer Thickness

Longitudinal Change (mm/yr)

lue b (95% CI) P value

2 0.03 [�0.08; 0.13] 0.60
1 0.03 [�0.08; 0.14] 0.58

of glaucoma, axial length, intraocular pressure, high-density lipoprotein
y mass index, and lipid-lowering medication (after imputation of missing
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Figure 5. Longitudinal evolution of the mean RNFLT according to 3-OH FAs exposure, predicted by multivariate linear mixed model (model 2). 3-OH
FAs were standardized using the formula Z ¼ (x-m)/s, where Z is the standard score, m the mean, and s the standard deviation of 3-OH FAs, respectively.
Data from the Alienor study, follow-up 1 to follow-up 5; 2009 to 2020. 3-OH FAs ¼ 3-hydroxy fatty acids; RNFLT ¼ retinal nerve fiber layer thickness.
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estimates (power >0.8) Odoribacter genus,
Ruminiclostridium9 genus, and Eubacterium rectale
group, were associated with an increased risk of
POAG.6,23 The authors found that intraocular pressure,
central corneal thickness, and vertical cup-to-disc ratio
played mediation effects between genus Ruminiclostri-
dium9, genus Alloprevotella, phylum Euryarchaeota, and
POAG, respectively, suggesting an impact of specific taxa
on the pathogenesis of POAG.

Mechanistically, a mouse study showed that mice raised
in absence of commensal microflora do not develop glau-
comatous T-cell responses or associated neurodegeneration,
indicating that glaucomatous neurodegeneration is mediated
in part by T cells that are presensitized by exposure to
commensal microflora.24 Another animal study showed that
reducing glaucoma-specific gut microbiota significantly
reduced RGC loss by alleviating the activation of retinal
microglia cells and overproduction of inflammatory
cytokines.22 Furthermore, they highlighted that fecal
microbiome transplantation from glaucoma patients
compared with healthy subjects significantly increased
retinal inflammation in mice.

The oral cavity is another important habitat of human
microbiota, and dysbiosis of oral microbiome has been
described to affect glaucoma progression.25 In a case-
control study, subjects with glaucoma showed signifi-
cantly higher oral bacterial loads and fewer teeth.8 Using
an animal model of glaucoma, low-dose LPS injected
subcutaneously led to enhancement of axonal degeneration
and neuronal loss and was accompanied by microglial
activation in the optic nerve and retina as well as upregu-
lation of Toll-like receptor 4 signaling and the complement
system.8 Another case-control study by the same research
group found Streptococci load to be higher in the saliva of
patients with POAG than in controls.26 Using machine
learning prediction models, Yoon et al revealed
significant depletion of the genus Lactococcus, whereas
the genus Faecalibacterium was enriched in the oral
6

microbiome of patients with glaucoma.27 Taken together,
the data of both human and animal studies underline that
the oral and gut microbiome in patients with glaucoma
was different from control participants, indicating an
impact of microbiome dysbiosis on the pathogenesis of
glaucoma.

The strengths of this study include a large andwell-defined
cohort, a detailed standardized ophthalmic examination, and
long follow-up time. Our results show a cross-sectional as-
sociation of higher plasma esterified 3-OH FAs and RNFLT,
potentially linking human microbiota with pathophysiolog-
ical processes leading to optic nerve degeneration. The lack of
association on the longitudinal analysismight be related to the
single blood draw conducted approximately 8 years before the
initial RNFL examination and to the increasing age of the
cohort. Another limitation concerns the quantification of LPS:
to date, no standard exists and the commonly used limulus
amebocyte lysate assay measures only the reactive portion of
LPS and is not suitable for complex matrices as plasma. Here,
we employed a proxy method to estimate LPS exposure by
analyzing esterified 3-OH FAs through liquid chromatog-
raphy tandem mass spectrometry. However, under specific
conditions, esterified 3-OH FAs in plasma may indicate the
presence of lipid Awithout acyloxyacyl structures, crucial for
bioactive signaling. Therefore, the analysis of 3-OH FAs
might have led to misclassification of the exposure. However,
a differentialmisclassification of 3-OHFAs related toRNFLT
is highly unlikely, thus misclassification of LPS exposure
would tend to bias the associations with RNFLT toward the
null. Moreover, a risk of selection bias cannot be excluded, as
included and nonincluded participants differed in age and
diagnosis of hypertension. However, included and non-
included participants were comparable for all other
characteristics.

Summarized, an association between higher plasma
esterified 3-OH FAs and RNFLT at baseline was observed
in our cohort, suggesting that LPS exposure may be
involved in the pathophysiological processes of optic nerve
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neurodegeneration. This study adds to the available litera-
ture on RNFLT and LPS, and more generally oral and gut
microbiomes, underlining the inflammatory component of
neurodegeneration. However, future studies are warranted to
explore this complex relation and to better understand the
underlying mechanisms.
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