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A B S T R A C T

Background: The pathological changes in Alzheimer’s Disease (AD) and other neurodegenerative disorders
begin decades prior to their clinical expression. However, the clinical diagnosis of neurodegenerative demen-
tias is not straightforward. Lactoferrin is an iron-binding, antimicrobial glycoprotein with a plethora of func-
tions, including acting as an important immune modulator and by having a bacteriocidic effect. Two previous
studies indicated that salivary lactoferrin could differentiate between neurodegenerative dementias.
Methods: A total of 222 cerebrospinal fluid (CSF) and saliva samples from a consecutive, mixed memory clinic
population were analysed for lactoferrin. In addition, the association between lactoferrin in CSF and saliva
and the concentration of tau, phosphorylated tau (p-tau) and amyloid 1�42 (Ab42) in CSF were addressed.
Findings: CSF lactoferrin was assessed for the first time in a cohort of patients with neurodegenerative
dementias. No significant differences were found in the levels of CSF or saliva lactoferrin between the diag-
nostic groups. In addition, no significant relationships were found between lactoferrin levels and tau, p-tau
and Ab42, respectively.
Interpretation: Neither CSF nor saliva lactoferrin could differentiate between neurodegenerative dementias in
this study.
© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Dementia-related diseases are an increasing health concern, and it
is estimated that around 46.8 million people worldwide are suffering
from dementia, with an increasing prevalence in the older age groups
[1]. Alzheimer’s Disease (AD) is the leading cause of progressive
dementia and accounts for approximately 60�80% of all dementia-
related cases [2]. Currently, the diagnosis of AD and many other neu-
rodegenerative diseases rely primarily on clinical assessment, neuro-
imaging and, to some extent, analysis of biomarkers in the
cerebrospinal fluid (CSF). However, neuroimaging is expensive,
exposes to radiation and some methods lack molecular specificity.
Biomarkers obtained from the CSF, most commonly tau, phosphory-
lated tau (p-tau), and beta amyloid 1�42 (Ab42), are well-established
biomarkers with a good diagnostic precision used to detect the
pathology of AD [3]. However, a lumbar puncture is an invasive pro-
cedure, which can potentially lead to complications and adverse
effects [4]. Blood biomarkers are a highly developing field that
encompasses a great diagnostic potential for differentiating between
neurodegenerative and non-neurodegenerative diseases. Blood Ab42

and p-tau have shown to be very specific to the pathology of AD and
their diagnostic accuracy is comparable to a CSF sample [5�8]. Sev-
eral studies have also investigated blood neurofilament light chain
(NfL), and have found that blood NfL is increased in both AD and
other neurodegenerative dementias [9�12]. Although blood bio-
markers are easier to obtain than a CSF sample, it is nonetheless an
invasive procedure. Quantitative computerized analysis of electroen-
cephalography (qEEG), which is non-invasive, quick and inexpensive,
has recently been highlighted as a potential beneficial diagnostic and
prognostic biomarker in dementia in larger multicentre studies [13].
However, the relevance and validity of this method in dementia eval-
uation is presently under further investigations. The diagnosis of neu-
rodegenerative dementias and the implementation in clinical
practice of both neuroimaging and analysis of CSF biomarkers is not
straightforward. There are no disease-modifying treatments available

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebiom.2021.103361&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:helena.sophia.gleerup.fornitz.01@regionh.dk
https://doi.org/10.1016/j.ebiom.2021.103361
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ebiom.2021.103361
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ebiom


Research in Context

Evidence before this study

The pathological changes of Alzheimer’s Disease (AD) and other
neurodegenerative dementias begin decades prior to their clini-
cal expression, and for that reason it is essential to find new
biomarkers to detect these diseases at an early stage. Prior to
this study, a systematic review; “Biomarkers for Alzheimer’s
Disease in Saliva: A Systematic Review,” Gleerup et al., was con-
ducted to investigate salivary biomarkers for the diagnosis of
Alzheimer’s Disease (AD). The systematic review found that
beta amyloid 1�42 (Ab42), tau, lactoferrin, and selected metab-
olites could be candidates for future salivary biomarkers for AD.
However, more studies should be carried out in larger sample
sizes and in representative, clinical cohorts. One other research
group has investigated salivary lactoferrin in AD and found that
salivary lactoferrin could differentiate patients diagnoses with
AD from healthy controls more accurately than Ab42 and tau in
cerebrospinal fluid (CSF).

Added value of this study

To the best of our knowledge, this consecutive study is the first
to evaluate the levels of CSF lactoferrin. However, lactoferrin in
the CSF does not seem to have diagnostic potential for AD or
other neurodegenerative dementias. Furthermore, salivary lac-
toferrin was investigated, but although two other studies found
salivary lactoferrin to be excellent in differentiating AD from
other dementias using the same methods as in this study, this
consecutive study could not reproduce these results in a conse-
cutive, mixed, memory clinic cohort.

Implications of all the available evidence

This study is a true representation of the clinical reality in a
mixed memory clinic cohort, but unfortunately lactoferrin in
neither CSF nor saliva, seemed to be a valid diagnostic bio-
marker for AD or other dementia-related diseases. However,
the need for new biomarkers and the easy accessibility of saliva,
warrants more studies of biomarkers in saliva for the early
diagnosis of AD and other neurodegenerative dementias.
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for the most common dementia diagnoses, but currently 132 agents
are being investigated in on-going trials for treatment for AD [14],
especially in preclinical and early stages of the disease. For the rea-
sons above, it is essential to find newmethods to detect AD and other
neurodegenerative diseases at an early stage to enable disease-modi-
fying trials to be initiated in the preclinical or prodromal phase, and
maybe in the future serve as treatment monitoring. Furthermore,
these methods must be easy to perform, inexpensive, potentially
non-invasive and complications and adverse effects should be lim-
ited. Saliva could be sampled in primary care, in situations with lim-
ited access to more advanced diagnostic procedures, and
furthermore serve as screening of large numbers of participants in
clinical trials.

Saliva is a slightly acidic body fluid produced by the submandibu-
lar gland, the sublingual gland, the parotid gland and other minor
glands, and consists mainly of water, glucose and a plethora of differ-
ent proteins and ions. Saliva is an easily obtained source of potential
biomarkers and saliva diagnostics have already been suggested in
several areas, among these endocrinological, autoimmune and meta-
bolic diseases [15�18], cardiovascular diseases [19], cancer [20], HIV
[21,22], and CNS disorders [23]. The composition of saliva can mirror
the hormonal, emotional, metabolic, nutritional and immunological
state of an individual [24]. Studies have reported that many of the
proteins found in saliva, can also to be found in blood, which further
emphasizes the value of a diagnostic salivary biomarker [25]. Several
studies have investigated biomarkers in saliva for the diagnosis of AD
and other neurodegenerative diseases, and biomarkers such as Ab42,
tau, lactoferrin, and selected metabolites have been suggested to be
potential salivary biomarkers for the diagnosis of AD, but with con-
flicting results [26�34]. The mechanisms by which these biomarkers
are excreted from the CNS into saliva is still not fully understood,
however different theories have been proposed. Studies have
reported that proteins can be transported from the blood into the
saliva through either microfiltration or active or passive transport by
passing through cells within the different salivary glands and the gin-
gival sulcus [24,35]. Furthermore, it has been suggested that selected
biomarkers for neurodegenerative diseases, such as Ab42, are either
expressed or produced by the salivary glands and other organs
[32,34]. The salivary glands secrete saliva in response to parasympa-
thetic innervation from the glossopharyngeal and the facial cranial
nerves. Another theory is based on the finding that neurodegenera-
tion also occurs in nerve terminals in the parasympathetic nervous
system (PNS), which could result in an altered composition and pro-
duction of saliva, thereby mirroring the AD pathological changes in
the CNS [36]. Studies have even suggested, that biomarkers are
excreted directly into saliva from the degenerated axons of the glos-
sopharyngeal and the facial cranial nerves [36].

Lactoferrin is an important antimicrobial peptide in saliva, and has
been proposed to be a potential biomarker for the diagnosis of AD.
The iron-binding glycoprotein is produced by many exocrine glands
of the body but is mainly found in the oral cavity. Lactoferrin is an
important immune modulator, it transports iron and acts as the first
line of defence of the body against bacteria, virus, fungi, free radicals
etc [37]. In humans, one study found that decreased salivary lactofer-
rin could differentiate patients diagnosed with AD from healthy
controls more accurately than Ab42 and total tau in CSF [38]. Further-
more, it was shown, by same research group, that salivary lactoferrin
could distinguish between prodromal AD, AD and frontotemporal
dementia (FTD) [39]. The role of lactoferrin as a biomarker in a mixed
memory clinic population is unknown. In the present consecutive
study, lactoferrin was measured in CSF and saliva from patients with
various neurodegenerative diseases was investigated for its potential
in the diagnosis of AD and other neurodegenerative disorders.

2. Material and methods

2.1. Ethics

This study was conducted between 20 March 2019 and 20 Decem-
ber 2019, at either the Copenhagen Memory Clinic, Copenhagen Uni-
versity Hospital, Rigshospitalet, or at the Regional Dementia Research
Center, Zealand University Hospital, Roskilde. The project was
approved by the Ethical Comitee of the Capital Region of Denmark
(H-19000651) and the Danish Data Protection Agency (VD-2019-
105), and all patients gave informed consent to participation.

2.2. Subjects

Saliva samples were collected from patients referred for cognitive
assessment. A total of 222 patients were included in the study, and
CSF and saliva samples were collected from healthy controls (HC)
(n = 20), MCI (n = 56), AD (n = 71) and non-AD patients (n = 75) were
obtained. The group of non-AD patients included individuals with
vascular dementia (VaD) (n = 11), mixed dementia (n = 8), FTD
(n = 15), dementia with Lewy bodies (DLB) (n = 7), normal pressure
hydrocephalus (NPH) (n = 16), Progressive supranuclear palsy (PSP)
(n = 1), Parkinson’s disease with dementia (PDD) (n = 1), alcoholic
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dementia (n = 6), and other either dementias of unknown aetiology
(n = 6) or dementia types due to a non-neurodegenerative disease
(n = 4). All patients were diagnosed at a consensus conference after
an extensive evaluation, including clinical and neuropsychological
examination, structural (Magnetic Resonance imaging or in a few
cases Computerized Tomography), and in most subjects supple-
mented with 18F-fluordeoxyglucose positron emission tomography
(18F-FDG-PET). CSF biomarkers for AD (tau, p-tau, and Ab42) were
used for diagnostic purposes with a cut-off for Ab42 of 875 pg/mL
[40]. The patients diagnosed with AD fulfilled the NIA-AA criteria
[41], and the patients with MCI fulfilled the criteria suggested by the
International Working Group in Mild Cognitive Impairment, where
MCI can be caused by several etiologies [42]. The patients diagnosed
with VaD fulfilled Society for Vascular Behavior and Cognitive Disor-
ders (VASCOG) criteria [43], and the patients with mixed dementia
fulfilled both the NIA-AA criteria and the VASCOG criteria [41,43].
The diagnosis of DLB was established according to the fourth report
of the DLB consortium [44], while the patients diagnosed with FTD
fulfilled the criteria for the behavioural variant [45] or the criteria for
non-fluent aphasia or the semantic variant of FTD [46]. The diagnosis
of NPH was established according to the international guideline crite-
ria for iNPH [47]. PSP and PDD fulfilled the criteria suggested by the
International Parkinson and Movement Disorder Society [48,49],
while alcoholic dementia was diagnosed according to the Interna-
tional Statistical Classification of Diseases and Related Health Prob-
lems 10th Revision (ICD-10) [50]. The HC were recruited for research
purposes and did not fulfil any of the criteria for dementia or MCI. All
HC were amyloid negative in CSF, although absolute values were
only available for nine out of 20 HC.

2.3. Sample

2.3.1. Saliva collection
To control for any diurnal variation of lactoferrin, all saliva sam-

ples from the Copenhagen Memory Clinic, Copenhagen University
Hospital, Rigshospitalet, were collected around noon, while saliva
samples from the Regional Dementia Research Centre, Zealand Uni-
versity Hospital were collected between 9:15 AM and 10:15 AM. All
saliva samples were collected immediately after lumbar puncture. All
subjects were asked to refrain from drinking, eating, smoking etc. for
at least 30 min prior to the saliva sampling, which is equivalent to
the time frame of the lumbar puncture. In addition, patients were
requested to rinse their mouth with water, before providing a
1�3 mL whole, unstimulated saliva sample in a 15 mL polypropylene
falcon tube.

2.3.2. Cerebrospinal fluid collection
CSF samples were obtained immediately prior to saliva sampling

by lumbar puncture [51] and collected in polypropylene tubes [52].

2.3.3. Sample processing
Following saliva and CSF sampling, the falcon tubes were placed

on ice until they were centrifuged at 2000 rpm for 10 min at 4°C. The
saliva and CSF samples were redistributed in 250 mL aliquots and
stored at �80 °C until further analysis.

2.3.4. Biomarker assays
All saliva and CSF samples were analysed for lactoferrin using the

Lactoferrin (HLF2) Human ELISA Kit (ab108882) according to the
instructions provided by the manufacturer [53]. Saliva samples were
diluted 1:1000, however a few samples were outside the sensitivity
range of the assay and were diluted 1:2000. CSF samples were run
undiluted unless they were outside the sensitivity range of the assay.
Then 1:10 diluted samples were used. CSF Ab42 levels were deter-
mined using sandwich ELISA (INNOTEST� b-AMYLOID(1-42) Fujirebio).
CSF levels of total tau and p-tau were determined using sandwich
ELISA INNOTEST hTau Ag, and INNOTEST PHOSPHO-TAU
(181P)

, respec-
tively. The estimation of total protein in saliva was analysed using
the PierceTM BCA Protein Assay Kit (ThermoFisher, Scientific), while
the concentration of total protein in CSF was analysed using a turbidi-
metric method on a COBAS instrument at the department of Clinical
Biochemistry at Copenhagen University Hospital, Rigshospitalet.

2.4. Statistical analyses

All statistics were performed in GraphPad Prism. An Anderson-
Darling test was performed on all data on lactoferrin in saliva and
CSF and on total protein in saliva and CSF to test for normal distribu-
tion. All lactoferrin data followed a non-normal distribution and
were logarithmic transformed. The logarithmic transformed data
were again tested for normal distribution with an Anderson-Darling
test, but the data did still not follow a normal distribution, and for
that reason the data was analysed with a nonparametric test. A Krus-
kal�Wallis test analysis was performed on lactoferrin in CSF and
saliva and on the total protein concentration in CSF and saliva. Due to
variations in total protein concentration, lactoferrin in CSF and saliva
was normalized to the concentration of total protein, and Krus-
kal�Wallis test for normalized lactoferrin in CSF and saliva were per-
formed. As a sub analysis, the levels of lactoferrin, total protein and
normalized lactoferrin in CSF and saliva were assessed by a Krus-
kal�Wallis test. This was done in diagnostic groups contained in the
non-AD group. In addition, simple linear regressions with 95% confi-
dence intervals were performed on the relationship between normal-
ized lactoferrin in CSF and saliva between the groups. To assess the
association of CSF Ab42, p-tau, and tau with normalized lactoferrin in
CSF and saliva, simple linear regressions were performed. The level
for statistical significance was set at with a P < 0¢05.

2.5. Funding source

The study was supported by Lundbeck Foundation, Grosserer L. F.
Foghts Foundation, Augustinus Foundation, Frimodt-Heineke Foun-
dation, and the Foundation for Neurological Research. The Danish
Dementia Biobank was supported by the Absalon Foundation of May
1st 1978 and Simon Spies Foundation. The funders had no role in the
conceptualization, study design, data collection, analysis, interpreta-
tion of data, in writing the paper or in the decision to submit the
paper for publication.

3. Results

3.1. Demographics

A total of 222 matched saliva and CSF samples were analysed.
Table 1 and Table 2 gives an overview of the obtained results. Among
the groups of included patients, significant differences were observed
between the sex distribution, age, mini mental state examination
score (MMSE), and levels of AD biomarkers as expected. In general,
the HC were younger than the other groups, had a better MMSE
score, higher levels Ab42, and lower levels of p-tau and tau.

3.2. Lactoferrin levels

No statistically significant differences were found for lactoferrin in
CSF (P=0¢38 [Kruskal-Wallis test]; Fig. 1a) or for salivary lactoferrin
between the diagnostic groups (P = 0¢31[Kruskal�Wallis test];
Fig. 1b). In addition, the concentrations of total protein in CSF and
saliva were not significantly different (P = 0¢12 [Kruskal�Wallis test]
and P = 0¢85 [Kruskal�Wallis test]). Furthermore, no statistically sig-
nificant differences between the groups were found when lactoferrin
in CSF and saliva was normalized to the concentration of total protein
in CSF and saliva, respectively (P = 0¢59 [Kruskal�Wallis test]; Fig. 1c



Table 1
Characteristics of the study cohort.

HC (n = 20) MCI (n = 56) AD (n = 71) Non-AD (n = 75) p-value

Sex F/M 8/12 27/29 41/30 29/47 0¢014**
Age, years y 65¢7 § 10¢1 70¢4 § 8¢2 72¢1 § 7¢3 73¢5 § 8¢6 0¢002
MMSE score y 28¢8 § 0¢9 26¢4 § 3¢3 22¢6 § 4¢4 22¢4 § 4¢0 <0¢0001
CSF Ab42 (pg/mL) y 990¢5 § 168¢5* 907¢9 § 288¢9 615¢9 § 186¢2 883¢0 § 311¢3 <0¢0001
CSF p-tau (pg/mL) y 48¢7 § 22¢1* 52¢0 § 27¢3 97¢7 § 123¢5 58¢2 § 59¢0 0¢005
CSF total tau (pg/mL) y 236¢1 § 140¢2* 338¢1 § 203¢1 545¢8 § 275¢1 315¢2 § 191¢7 <0¢0001

n, number; F, female; M, male; MMSE, mini mental state examination; CSF, cerebrospinal fluid; Ab42, amyloid 1-42;
p-tau, phosphorylated tau; HC, healthy controls; MCI, mild cognitive impairment; AD, Alzheimer�s Disease.
y expressed as mean § standard deviation (SD). *Missing data from 11 out of 20 HC, but all HC were amyloid negative.
All p-values were calculated by a one-way ANOVA, except **, which was calculated by a Chi-squared test.
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and P = 0¢19 [Kruskal�Wallis test]; Fig. 1d). When investigating nor-
malized lactoferrin in CSF (P = 0¢49 [Kruskal�Wallis test]) and saliva
(P = 0¢42 [Kruskal�Wallis test]) for the diagnoses within the non-AD
group, no significant differences were found. In addition, no statisti-
cally significant difference was found in the relationship between
normalized lactoferrin in CSF and saliva between in HC, MCI or AD
(Fig. 2). A significant correlation was found between normalized lac-
toferrin in CSF and saliva in the non-AD group (slope=0¢34 [simple
linear regression]), but caution must be taken due to the heteroge-
nous nature of the non-AD group (Fig. 2).

Supplementary figure 1 and 2 give an overview of the obtained
results if a cut-off for Ab42 in CSF of 550 pg/mL was used in the AD
group. With this cut-off value still no statistically significant differen-
ces were found for lactoferrin in CSF (P = 0¢39 [Kruskal-Wallis test];
supplementary fig. 1a), salivary lactoferrin (P = 0¢35 [Kruskal�Wallis
test]; supplementary fig. 1b), normalized lactoferrin in CSF (P = 0¢79
[Kruskal�Wallis test]; supplementary fig. 1c) and normalized lacto-
ferrin in saliva P = 0¢13 [Kruskal-Wallis test]; supplementary fig. 1d)
between the diagnostic groups. Furthermore, no significant correla-
tion was found between normalized lactoferrin in CSF and saliva in
the AD group (slope=0.21 [simple linear regression]; supplementary
figure 2).

4. Discussion

In this study, lactoferrin in CSF and saliva was investigated as a
diagnostic biomarker for AD and other neurodegenerative dementias
in a consecutive, mixed memory clinic cohort. To the best of our
knowledge, this consecutive study is the first to investigate lactofer-
rin in CSF. Lactoferrin was detected in low concentrations in CSF, but
no statistical significance was found between HC, MCI, AD, or non-
AD.

One other research group has investigated salivary lactoferrin in
AD. Their first study found that decreased lactoferrin was able to dif-
ferentiate AD from HC more accurately than Ab42 and total tau in CSF
[38]. In addition, the study found a correlation between salivary
Table 2
Mean levels of the analysed biomarkers in CSF and saliva

HC (n = 20) MCI (

CSF lactoferrin (ng/mL) y 15.8 § 10.6 18.1
Saliva lactoferrin (ug/mL) y 16¢4 § 6¢6 26¢3
CSF total protein (ug/mL) y 447¢9 § 151¢9 503¢2
Saliva total protein (ug/mL) y 958¢3 § 381¢4 996¢7
CSF lactoferrin / CSF total proteiny 40¢6 § 27¢6 36¢1
Saliva lactoferrin / saliva total protein y 24¢6 § 32¢9 31¢8

CSF, cerebrospinal fluid; HC, healthy controls; MCI, mild cognitive im
y expressed as mean § standard deviation (SD). *analysed by Kruskal
No correlation was found between normalized lactoferrin in CSF and
linear regression]), or tau (P = 0¢35 [simple linear regression]) in CS
between normalized salivary lactoferrin and Ab42 (P = 0¢86 [simple l
tau (P = 0¢75 [simple linear regression]) in CSF.
lactoferrin and Ab42 in CSF. Their second study found that decreased
salivary lactoferrin could distinguish prodromal AD, AD from FTD by
being specific to AD [39]. Although, salivary lactoferrin was proposed
as a candidate for a new diagnostic biomarker for AD in early disease
detection, the present study was not able to reproduce any of the
results, neither on the HC, MCI, AD, or non-AD group. Furthermore,
our study could not identify any association between salivary lacto-
ferrin and any of the well-established dementia biomarkers (Ab42, p-
tau and tau).

Comparing this consecutive study to the two other studies, the
same saliva collection methods were used. In addition, the same
assays were used to measure lactoferrin in saliva and to measure the
concentration of total protein. A difference between the studies is
that the patients in our cohort are included from a consecutive,
mixed memory clinic population, and therefore may be more heter-
ogenous and have more comorbidities than subjects enrolled in pre-
vious studies. Also, our included AD patients had a MMSE score
which was around 3¢4 points higher than the AD patients in the other
two studies [38,39]. This difference in the cohort composition with
inclusion of milder and more heterogenous cases in our study could
perhaps account for some of the larger variations in lactoferrin levels
observed in this study. We have no other straightforward explanation
for this variation. Our sample size was comparable to previous stud-
ies, but due to larger variation in our sample, we cannot rule out that
our study was underpowered. However, in our study, we saw a non-
significant trend of higher lactoferrin levels in the diseased groups
compared to the HC, which is opposite to the findings by the two pre-
vious studies.

With increasing dementia severity patients have a decreased abil-
ity of selfcare, and poor oral health could potentially affect the con-
centration of salivary lactoferrin or other salivary biomarkers. For
that reason, future studies must take the salivary flow-rates, oral
health and hygiene into account. Furthermore, it should be taken into
account that studies have shown that antidepressants, antipsychotics
and some other medications can lead to an altered saliva production
[54]. The patients of our study were included prior to diagnosis, and
n = 56) AD (n = 71) Non-AD (n = 75) p-value*

§ 10.3 19.5 § 11.2 20.8 § 10.7 0¢38
§ 23¢4 26¢9 § 26¢3 24¢4 § 24¢4 0¢31
§ 161¢1 481¢0 § 155¢7 558¢9 § 313¢2 0¢12
§ 494¢6 1079¢4 § 604¢2 957¢0 § 418¢6 0¢85
§ 22¢4 45¢0 § 31¢0 44¢2 § 29¢4 0¢59
§ 26¢5 32¢2 § 41¢5 30¢9 § 37¢1 0¢19
pairment; AD, Alzheimer’s Disease.
-Wallis test.
Ab42 (P = 1¢0 [simple linear regression]), p-tau (P = 0¢76 [simple
F. In addition, no statistically significant difference was found
inear regression]), p-tau (P = 0¢34 [simple linear regression]) or



Fig. 1. a, 1b, 1c and 1d. Scatter plots of CSF and saliva lactoferrin and normalized CSF and saliva lactoferrin
Fig. 1: a): Lactoferrin levels in CSF in HC (n = 20), MCI (n = 56), AD (n = 71) and non-AD (n = 75). The scatter plot shows the median and interquartile range for each of the four

groups. b): Lactoferrin levels in saliva in HC (n = 20), MCI (n = 56), AD (n = 71) and non-AD (n = 75). The scatterplot shows the median and interquartile range for each of the four
groups. c): Normalized lactoferrin levels in CSF in HC (n = 20), MCI (n = 56), AD (n = 71) and non-AD (n = 75). The scatterplot shows the median and interquartile range of each of the
four groups. d) Normalized salivary lactoferrin levels in HC (n = 20), MCI (n = 56), AD (n = 71) and non-AD (n = 75). The scatterplot shows the median and interquartile range of each
of the four groups.

Abbreviations: HC, Healthy controls; MCI, mild cognitive impairment; AD, Alzheimer’s Disease.
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for that reason they did not yet receive any medication for dementia,
which could potentially affect their saliva production [55]. One weak-
ness of this study is the missing data on tau, p-tau and Ab42 from 11
out of 20 HC, even though it was known that all 20 HC were amyloid
negative. Another limitation is that the sample in our study may not
be representative of patients evaluated in memory clinics in general,
as our center is also a tertiary referral center with more complex and
atypical cases. On the other hand, a strength of the study is the exter-
nal validity. The included patients are a valid representation of a clini-
cal cohort, which furthermore eliminates selection bias.

This was the first study to investigate the diagnostic potential of
CSF levels of lactoferrin in a large, consecutive cohort. Based on the
results from our study, lactoferrin in CSF does not seem to be a valid
diagnostic biomarker for AD. Although, two other studies found sali-
vary lactoferrin to be an excellent diagnostic biomarker for the diag-
nosis of AD in early disease stages, this consecutive study could not
reproduce the results in saliva in a representative, mixed memory
clinic cohort. We have no clear explanation for this, and future stud-
ies of lactoferrin should explore any confounding methodological
issues. The easy accessibility of saliva, however, warrants more
studies of biomarkers in saliva to ascertain the clinical usefulness for
an early diagnosis of AD and other neurodegenerative dementias.
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Fig. 2. Relationship between normalized lactoferrin in CSF and saliva
Fig. 2: The graphs show the relationship between normalized levels of lactoferrin in CSF and saliva when comparing the four groups (HC (n = 20), MCI (n = 56), AD (n = 71) and

non-AD (n = 75)). Furthermore, the graphs show the 95% confidence intervals.
Abbreviations: HC, Healthy controls; MCI, mild cognitive impairment; AD, Alzheimer’s Disease.
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