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Abstract.

Background: Blood kallikrein-8 is supposed to be a biomarker for mild cognitive impairment (MCI) due to Alzheimer’s
disease (AD), a precursor of AD dementia. Little is known about the association of kallikrein-8 and non-AD type dementias.
Objective: To investigate whether blood kallikrein-8 is elevated in individuals with non-amnestic MCI (naMCI), which has
a higher probability to progress to a non-AD type dementia, compared with cognitively unimpaired (CU) controls.
Methods: We measured blood kallikrein-8 at ten-year follow-up (T2) in 75 cases and 75 controls matched for age and sex
who were participants of the population-based Heinz Nixdorf Recall study (baseline: 2000-2003). Cognitive performance
was assessed in a standardized manner at five (T1) and ten-year follow-up. Cases were CU or had subjective cognitive decline
(SCD) at T1 and had naMCI at T2. Controls were CU at both follow-ups. The association between kallikrein-8 (per 500 pg/ml
increase) and naMCI was estimated using conditional logistic regression: odds ratios (OR) and 95% confidence intervals
(95%CI) were determined, adjusted for inter-assay variability and freezing duration.

Results: Valid kallikrein-8 values were measured in 121 participants (45% cases, 54.5% women, 70.5 £ 7.1 years). In cases,
the mean kallikrein-8 was higher than in controls (922 £ 797 pg/ml versus 884 £ 782 pg/ml). Kallikrein-8 was not associated
with having naMCI compared to being CU (adjusted; OR: 1.03 [95%CTI: 0.80-1.32]).

Conclusion: This is the first population-based study that shows that blood kallikrein-8 tends not to be elevated in individuals
with naMCI compared with CU. This adds to the evidence of the possible AD specificity of kallikrein-8.

Keywords: Alzheimer’s disease, biomarker, dementia, Heinz Nixdorf Recall study, kallikrein-8, mild cognitive impairment,
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INTRODUCTION

Alzheimer’s disease (AD) is the most common
cause of dementia, followed by vascular and mixed
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dementia pathologies [1]. Dementia due to fron-
totemporal lobar degeneration, Parkinson’s disease,
or Lewy bodies are less frequently reported. In order
to distinguish between different forms of demen-
tia, there is often a need for invasive and expensive
diagnostics [2]. Although there have been no break-
throughs in treatment options to date, intensive
research is continuing. There is consensus that future
treatments can only be successful if the underlying
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cause of dementia can be identified at a very early
stage. An early treatment might be able to stop or at
least slow the progression of the disease and preserve
cognitive functioning. An optimal, less invasive, and
cost-effective support for early diagnosis could be
achieved using blood-based dementia biomarkers. So
far, blood-based biomarkers for tau and amyloid-f8
(AB) have been developed, but their diagnostic value
in early stage of AD is controversial. They appear
to be too insensitive for diagnosis in the preclinical
phase of AD [3, 4].

In the course of AD, there is a dysregulation of
the kallikrein-kinin system (KKS), which is con-
trolled by kallikreins. Low and high molecular
weight kininogen (LMWK and HMWK) is pro-
cessed by tissue kallikrein (KLK1) and plasma
kallikrein (KLKB1) to generate the peptide hormone
bradykinin (BK), which is rapidly transformed to
des-Arg9-BK (DA9BK). BK and DA9BK activate
the bradykinin 1 and 2 receptors (B1R and B2R)
and so induce vasodilation, vessel permeability, and
inflammation [5]. In the blood of AD patients, KKS
hyperactivity [6] and elevated BK levels [7] are found.
In previous studies, enhanced hippocampal B1R
immuno-reactivity in AD mice [8] are demonstrated,
while B1 R blockade results in cognitive and cere-
brovascular improvements [8]. Kallikrein-8 (KLKS,
alias neuropsin) is one of the 15 serine proteases of
the kallikrein family [9, 10]. Biochemically, it is a
228 amino acid long enzyme with a catalytic triad
of histidine-aspartate-serine [11]. KLKS8 is expressed
cerebrally, mainly in the hippocampus [12], but also
in extracerebral tissues [13]. As a secreted enzyme,
it can be detected in biological body fluids such as
blood serum and cerebrospinal fluid (CSF). Recently,
KLKS is thought to be involved in the development
of AD [14-19]. Whether this pathological alter-
ation contributes to KKS hyperactivity is unclear and
requires further investigation.

Our recent studies suggest KLK8 to be a poten-
tial early AD blood and CSF biomarker [14—19].
KLKS is a dose-dependent modulator of neuroplas-
ticity and memory [20-23]. It appears to regulate
several signaling pathways associated with neuro-
plasticity [22, 24-26] by processing the substrates
neuregulin-1 [27], neuronal cell adhesion molecule
L1 [28], fibronectin [29], and ephrin receptor B2
[30]. KLKS inhibition and knockdown impedes amy-
loidogenic amyloid-f3 protein precursor processing,
facilitates A3 clearance, boosts autophagy, reduces
A load and tau pathology, enhances neuroplastic-
ity, improves memory, and unfolds anxiolytic effects

[16-18]. A clinical study of MCI and AD patients
showed that KLKS levels were elevated in blood and
CSF of patients with MCI due to AD and early AD
[14]. The diagnostic accuracy of KLKS8 in CSF was as
good as that of the major CSF biomarkers (A3, phos-
phorylated tau, and total tau) for AD and, in the case
of MCI, even better than AB4» in CSE. KLKS8 in blood
was a similarly strong discriminator for MCI due to
AD but slightly weaker for AD [14]. Furthermore, our
recently published results of a population-based study
showed that blood KLK8 was elevated in individ-
uals with amnestic MCI compared with cognitively
healthy individuals [19]. In different regions of trans-
genic murine [18] and AD-affected human brain [18,
31] pathologically high levels of KLK8 mRNA and
protein were shown long before the clinical signs
of AD appear [18]. This exceedingly early (in mice
prior to onset of amyloid pathology and in patients
in CERAD A/ Braak I-1I stage) and multifocal rise
of KLKS (i.e., in the frontal cortex and hippocampus
and even in regions such as cerebellum that are not
that affected by ADs pathology) [18] is suggestive
of a causal role in the cascade of events leading to
AD. This hypothesis is supported further by the fact
that short-term inhibition of KLKS by an anti-KLK8-
antibody [16, 18] or its long-term downregulation by
genetic knockdown [17] exerted considerable thera-
peutic effect in transgenic mice. Thus, KLK8 might
be a very early biomarker of AD and a therapeutic
target as well.

It was hypothesized that blood and CSF KLKS8
is elevated only in individuals who are on the AD
pathway and not in individuals with other dementias.
There is only one study regarding other dementia
causes and KLK8 by Li et al. (2021) that found
blood KLKS levels to be significantly higher in par-
ticipants with vascular dementia (defined using the
Mini-Mental State Examination only) compared to
controls [32]. However, no study is published on the
association of KLK8 and prodromal stages of non-
AD type dementia. Therefore, it is still not known if
blood KLKS is elevated in early stages of non-AD
type dementia. Looking at the dementia continuum,
MClT is a condition in which individuals demonstrate
mild cognitive symptoms that do not interfere with
everyday activities but are noticeable to the indi-
vidual [33]. Participants with MCI have a higher
probability to progress to dementia in the further
course [33]. When memory dysfunction predomi-
nates, MCI is described by the term ‘“amnestic”.
When impairment of other cognitive features is more
prominent, MCl is described as “non-amnestic” [33].
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Whereas amnestic MCI (aMCI) has a higher prob-
ability to progress to AD (MCI due to AD) [34],
non-amnestic MCI (naMCI) has been shown to be
more likely to progress to non-AD type dementias
(like vascular dementia, dementia with Lewy bodies
or frontotemporal dementia) [33, 35-37]. The aim of
this present study is to examine if blood KLK8 lev-
els of participants with naMCI are elevated compared
to cognitively unimpaired (CU) participants using a
population-based case-control sample.

MATERIALS AND METHODS
Study design and study population

We analyzed data of our population-based Heinz
Nixdorf Recall (Risk Factors, Evaluation of Coro-
nary Calcification, and Lifestyle) study (HNR study).
The details of the cohort and study design have been
described previously [38]. Briefly, the participants for
the HNR study were randomly selected inhabitants
of the Ruhr area living in Bochum (371,582 resi-
dents), Essen (589,676 residents), and Miilheim/Ruhr
(172,759 residents). A total of 4,814 men and women
aged 45 to 75 participated in the baseline survey from
2000 to 2003. The overall recruitment efficacy pro-
portion was 55.8% [39]. After five (T1) and ten years
(T2), participants were followed up and they received
annual questionnaires. The standardized assessment
of cognitive performance described below was intro-
duced at T1 and extended at T2.

The cases of our nested case-control study were
participants who were cognitively unimpaired (CU)
or reported subjective cognitive decline (SCD) at T1
and had a naMCI diagnosis at T2 (see below for the
exact definition of naMCI). Controls had to be CU
at T1 and T2. The cases and controls were free of
the secondary diseases mentioned below at least to
T2. Each naMClI case was assigned a control partner
matched for age (£3 years) and sex. The flowchart
of the study population is shown in Fig. 1.

The study was approved by the Institutional
Review Board of the University of Duisburg-Essen
and followed established guidelines of good epi-
demiological practice. Written informed consent was
obtained from all participants.

Survey of secondary diseases

As in Schramm et al. [19] the following secondary
conditions were recorded: Standardized computer-
assisted interviews were performed and participants

were asked of having ankylosing spondylitis,
rheumatoid arthritis, chronic polyarthritis, Crohn’s
disease, ulcerative colitis, stroke, Parkinson’s disease,
or tumor disease before T2. In addition, partici-
pants were asked about stroke or tumor disease in
annual post-follow-up questionnaires. Participants
were included into our study if they did not report
those diseases until T2. As Parkinson’s disease,
stroke, and tumor disease, or their specific treatments
have negative influence on cognition, we decided
to exclude those participants. Because of evidence
of an association between blood KLLK8 and inflam-
mation [40], participants with laboratory evidence
of inflammation (high-sensitivity C-reactive protein
(hsCRP) > 1 mg/dl (reference value: 0.3 mg/dl) at
T2) and participants with the above inflammatory
conditions were also excluded from the analyses.

Measurement of KLK8

Details our blood KLK8 measurements and
technical specifications of the utilized KLKS8
enzyme-linked immunosorbent assay (ELISA) kit
have been described previously [14]. In March
2021, KLKS levels were measured in duplicate in
T2 blood serum in the central reference laboratory
at the Institute of Neuropathology, University of
Duisburg-Essen, Germany, according to the manufac-
turer’s instructions, using a commercially available
ELISA kit (#EK0819, Boster Biological Technology,
Pleasanton, CA, USA). The samples were previously
frozen between 6.9 and 9.9 years at —80°C. Kits from
one batch were used and blood serum samples were
diluted 1:2 in sample buffer. Two experienced techni-
cians who were blinded to the participants’ diagnoses
performed the measurements. The high agreement
between the two measurements has been published
previously [19].

Survey of cognitive performance

At T1 and T2 standardized cognitive performance
assessments were performed, the details were pub-
lished previously [41, 42] and further details on the
validity of the assessment in identifying MCI cases
can be found in Wege et al. [43]. Five subtests
were performed at T1: measures of immediate and
delayed verbal memory (eight word list [44]), speed
of processing/problem solving (Labyrinth test [44]),
verbal fluency (semantic category “animals™ [45]),
and visuo-spatial ability (clock-drawing test [46]).
At T2 the following cognitive tests were added: Trail
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Making Test A (TMT A), Trail Making Test B (TMT
B) [47], and a short version of the Stroop task named
Color-word test [44] (card 1: word reading; card 2:
color naming; card 3: color-word interference condi-
tion; card 3 minus card 2: interference performance
[48]).

The administered tests at T2 were grouped into
four domains: 1) attention — TMT A, Color-word
test card 1 and card 2; 2) executive function — TMT
B, Labyrinth test, Color-word test interference per-
formance, verbal fluency; 3) verbal memory — eight
word list immediate and delayed recall; 4) visuocon-
struction — clock-drawing test [42]. To assess whether
cognitive impairment was present, a z-transformation
of the raw data was performed, as described in detail
in [42, 49]. Cognitive impairment at T2 was defined
as a performance of more than one SD below the mean
in at least one total domain score of the domains atten-
tion, executive function, verbal memory, or as a score
of > 3 in visuoconstruction [42, 46].

Dementia diagnosis was defined as follows: There
was a previous medical diagnosis of dementia;
dementia diagnosis criteria were met according to
the Diagnostic and statistical manual of mental disor-
ders 4th Edition (DSM-1V) [50], participants reported
intake of cholinesterase inhibitors (code: NO6DA

according to the anatomic-therapeutic-chemical clas-
sification issued by the World Health Organization
(WHO) [51]), or the intake of other anti-dementia
drugs (code: NO6DX). Six participants had demen-
tia at T1 and three at T2, so they were excluded (see
Fig. 1).

Definition of cases and controls

Cases were participants with a naMCI diagno-
sis based on meeting all of the following published
Winblad et al. naMCI criteria [33]: 1) cognitive
impairment in a non-memory domain (attention,
executive function, visuoconstruction); 2) subjective
cognitive decline; 3) normal functional abilities of
daily activities; 4) no dementia diagnosis (defini-
tion see above). To examine only incident naMCI at
T2, participants with MCI, dementia, or participants
with objective impairment without SCD at T1 were
excluded.

The cognitive performance of controls was within
the age- and education-adjusted range in all domains,
and they did not report SCD at T1 or T2. Each case
is assigned a control matched for age (£3 years) and
sex.

study population at T1: n=4157 ‘ -{ missing or incomplete cognitive data at T1: n=71 J

| n=4086 '

non-returners atT2: n=1043 ‘

n=3043 -

-I missing or incomplete cognitive data at T2: n=181 ‘

i
|n=2862

objective impairment without SCD at T1: 948, MCl at T1: 343, missing or
incomplete dataon SCD at T1: 8, demented at T1: 6

n=1557 (1149 CU, 408 SCD) ‘

>

preexisting conditions: n=327 (Colitis ulcerosa / Crohn's disease: n=17,
Parkinson's disease: n=1, rheumatoid arthritis / chronic polyarthritis: n=49,
ankylosing spondylitis: n=3, stroke before T2: n=48, tumor disease before T2:
n=187, hsCRP at T2 21 mg/dl: n=54)

¥

objective impairment without SCD at T2: n=234, demented at T2:n=3, MCl and
impairment in ADL at T2: n=2, MCI and missing data on ADLat T2:n=1, SCD at
T1and CU atT2: n=98,SCDatT1and T2: n=121

.[ incident aMCl: n=40, T1: CU or SCD, T2: aMCI \

incident naMCl: n=75 CU: n=526

T1:CU or SCD Ti:CU

T2: naMClI T2:CU
S

controls: n=75
(1:1 matched
by sex and age)

-{ incident SCD: n=130, T1: CU, T2: SCD ‘

Fig. 1. Flow chart of the study population. ADL, activities of daily living; aMCI, amnestic mild cognitive impairment; CU, cognitively
unimpaired; hsCRP, high-sensitivity C-reactive protein; naMCI, non-amnestic mild cognitive impairment; SCD, subjective cognitive decline;

T1, first follow-up visit; T2, second follow-up visit.
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Survey of Apolipoprotein E &4 status

Cardio-MetaboChip BeadArrays were used for
genotyping of two single nucleotide polymorphisms
(rs7412 and rs429358) to distinguish between the
APOE €2, €3, and &4 alleles. Participants who had at
least one allele 4 (2/4, 3/4, 4/4) were defined as APOE
&4 positive, and all other participants were defined as
APOE &4 negative [42].

Survey of covariates

As reported in Schramm et al. [19] covariates were
defined as follows: Height and weight were measured
in a standardized manner by trained study nurses
and body mass index (BMI) in kg/m?> was calcu-
lated. Education until T2 was classified as total years
of formal education, combining school and voca-
tional training according to the International Standard
Classification of Education (ISCED-97) [52]. Partic-
ipants were categorized as “current smoking” if they
answered yes to the smoking questions at T2. ‘Past
smoking’ was defined as quitted smoking, otherwise
the participants were categorized into ‘never smok-
ing’. When participants practiced one or more sports
in the last 4 weeks prior to the interview sports at T2
was defined as ‘yes’, otherwise ‘no’. According to the
Joint National Committee (JNC) 7 guidelines [53],
we defined blood pressure categories: ‘Hypertension
yes’ was defined if stage 1 or stage 2 hypertension
was present, otherwise ‘no’. If participants reported
diabetes mellitus disease or were taking antidiabetic
medication or had an elevated fasting blood glucose
level of >200mg/dl or a nonfasting blood glucose
level of > 125 mg/dl at time T2, we defined “diabetes
mellitus” as present. Depression at T2 was defined
as present at cut-off point for “elevated depressive
symptoms” of > 18 [54], using the German 15-item
short form of the Center for Epidemiologic Studies
Depression Scale (CES-D). Blood freezing duration
in years was defined as the time between blood col-
lection at T2 and KLKS8 measurement in 2021.

Statistical analysis

To perform our nested case-control study each
naMCl case is assigned a CU control matched for age
(£3 years) and sex. The number of subjects with inci-
dent naMCI from T1 to T2 in this population-based
study with n="75 is predetermined. However, mini-
mal detectable effect size estimates can be calculated
for the association between exposure and outcome.

With a sample size of 75 naMCI cases, a case-control
ratio of 1:1, a standard deviation for the predictor
blood KLKS8 of 630 pg/ml, a statistical power of
80%, and an alpha level of 0.05 with a two-sided
test, the minimal detectable odds ratio obtained by
using a logistic regression model is 1.58 per standard
deviation of blood KLKS. Thus, sample size of the
proposed study is sufficient to detect even moderate
associations between blood KLK8 and naMCI.

Descriptive statistics were performed. p-values
were estimated with Wilcoxon two-sample test,
2-sided, (continuous variables, not normally dis-
tributed) or chi-square test (nominal variables) to
compare cases and controls. A box and scatter
plot was created to show the distribution of blood
KLKS8 according to cognitive status. The associa-
tion between blood KLKS8 and naMCI compared to
CU was determined using conditional multiple logis-
tic regression to estimate odds ratios (OR) and 95%
confidence intervals (95%CI). Because of the small
scale of blood KLKS values, we divided the values by
500 to determine an OR per 500 pg/ml increase. We
adjusted for freezing duration in years because it has
been previously reported that the freezing time might
affect KLKS levels [14], and inter-experimenter vari-
ability which should be understood as a proxy for
the inter-assay variability and hereinafter referred to
as ‘inter-assay variability’. Analyses were performed
using the SAS 9.4 program (Statistical Analysis Sys-
tem Corp., Cary, NC, USA).

RESULTS

We measured blood KLKS8 at T2 in 75 cases with
incident naMCI and free of the above-mentioned dis-
eases. At T1 and T2, 526 participants were CU and
free of the above-mentioned diseases. N =75 controls
with frozen blood samples at T2 were matched for
age +3 years and sex (Fig. 1). Two naMCI cases
had no frozen blood, in 17 cases blood KLKS8 was
below and in one case blood KLLK8 was beyond the
detection threshold (resulting in 55 cases), in nine
controls blood KLLK8 was below the detection thresh-
old (resulting in 66 controls).

In Table 1, the characteristics of the study popula-
tion according to the cognitive status are presented.
Out of 121 participants, the mean age was 70.5 £ 7.1
years, with an age range of 56 to 85 years, and
54.5% were women. The 55 participants with incident
naMCI had a slightly higher blood KLK8 mean value
compared to the 66 CU participants (922 + 797 pg/ml
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Table 1
Characteristics of the study population at T2, n (%), mean & SD
naMCI CU Total p**
n=>55 n=066 n=121
KLKS, pg/ml 922 +797 884 £782 901 £786 0.66
Sex 0.71
Men 24 (43.6) 31 (47.0) 55 (45.5)
Women 31 (56.4) 35 (53.0) 66 (54.5)
Age,y 70.5+7.3 70.5+6.9 70.5+7.1 0.98
BMI, kg/m? 274+5.6 27.7+44 27.6+5.0 0.48
Missing 1 1
Years of education 147+2.3 145+24 145+24 0.65
Smoking status 0.94
Never 25 (45.5) 32 (48.5) 57 (47.1)
Past 25 (45.5) 28 (42.4) 53 (43.8)
Current 5(09.1) 6(9.1) 11(9.1)
Sports 0.23
No 26 (47.3) 24 (36.4) 50 (41.3)
Yes 29 (52.7) 42 (63.6) 71 (58.7)
APOE &4 positive 0.97
No 40 (72.7) 50 (75.8) 90 (74.4)
Yes 13 (23.6) 16 (24.2) 29 (24.0)
Missing 2(3.6) 2(1.7)
Hypertension 0.88
No 41 (74.5) 50 (75.8) 91 (75.2)
Yes 14 (25.5) 16 (24.2) 30 (24.8)
Diabetes mellitus 0.10
No 38 (69.1) 54 (81.8) 92 (76.0)
Yes 17 (30.9) 12 (18.2) 29 (24.0)
Z score attention 8.9+3.0 11.5+1.9 10.3+2.8 <0.01
Z score executive function 9.1+3.1 11.5+1.9 104 +2.8 <0.01
Z score verbal memory 10.5+2.2 11.4+2.0 11.0+2.1 0.01
Z score visuoconstruction 8.2+3.1 11.6+1.8 10.0+3.0 <0.01
Depression* 0.03
No 50 (90.9) 64 (97.0) 114 (94.2)
Yes 4(7.3) 0 4(3.3)
Missing 1(1.8) 2(3.0) 3(2.5)
Freezing duration, y 8.6x+0.8 8.5+0.6 8.5£0.7 0.49

*Elevated depressive symptoms (CES-D > 18). **p-values were estimated with Wilcoxon two sample test or chi-square test. APOE &4,
Apolipoprotein E €4; BMI, body mass index; CU, cognitively unimpaired; KLKS, kallikrein-8; naMCI, non-amnestic mild cognitive

impairment; SD, standard deviation; T2, 10-year follow-up.

versus 884 + 782 pg/ml). Participants with naMCI
had lower z scores in all four domains. According
to the cut-off (CES-D > 18) 7.3% of the participants
with naMCI had depression, CU were free of depres-
sion. At T1, five participants with incident naMCI and
one CU participant had depression (data not shown).
There were no major differences between naMCI
cases and controls regarding the other variables (age,
BMI, education, smoking status, sports, APOE &4
status, hypertension, diabetes mellitus, and freezing
duration).

The distribution of blood KLKS values accord-
ing to the cognitive status are also shown in the box
and scatter plot in Fig. 2. The distribution of blood
KLKS values is similar in participants with naMCI
and CU.

In Table 2, the results of the conditional logis-
tic regression analyses to estimate the association
between blood KLKS8 and cognitive status are pre-
sented. Crude and fully adjusted, blood KLKS (per
500 pg/ml increase) was not associated with a higher
chance of having naMCI compared to being CU
(crude: OR: 1.01 [95%CI: 0.79-1.29], adjusted:
1.03 [0.80-1.32]. Even considering the upper con-
fidence point of 1.3, the OR would be moderately
elevated at best. When excluding participants with
depression (CES-D > 18) at T2 from our analyses,
our results on the association of blood KLK8 and
naMCI did not change (1.01 [0.79-1.30]). We have
reported previously that freezing duration affects
KILKS levels [14]. Therefore, we consider the freez-
ing duration in our model. However, in contrast
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Fig. 2. Distribution of KLK8 in pg/ml at T2 according to cognitive status. CU, cognitively unimpaired; KLKS8, kallikrein-8; naMClI,
non-amnestic mild cognitive impairment; T2, second follow-up visit.

Table 2
Association between KLK8 and cognitive status (naMCI versus CU) at T2
OR [95%CI] Model 1 Model 2

Per 500 pg/ml KLK8
Experimenter 1 versus 2*
Freezing duration, y

1.01 [0.79-1.29] 1.03 [0.80-1.32]
0.59 [0.26-1.34]

1.01 [0.96-1.06]
Model 1: crude. Model 2: adjusted for freezing duration and experimenter. *We adjusted for experi-

menter as a proxy for the inter-assay variability. CU, cognitively unimpaired; naMCI, non-amnestic
mild cognitive impairment; OR, odds ratio; 95%CI, 95% confidence interval; KL.K8, kallikrein-8.

to our previous study, the freezing duration in the
current study is very homogeneous between 6.9
and 9.9 years and showed no influence on the
results (fully adjusted OR for freezing duration:
1.01 [95%CTI: 0.96; 1.06]).

DISCUSSION

Previous studies of our laboratory have shown that
blood KLLK8 may be suitable as a biomarker for the
diagnosis of aMCI and early AD [14, 19]. This is
the first population-based study to show that blood
KLKS is not elevated in persons with naMCI, a pre-
cursor of non-AD type dementia, compared to CU. A
blood KLK8 increase of 500 pg/ml was not associ-
ated with a higher chance of having naMCI compared
to being CU. This highlights the blood KLK8 speci-
ficity for AD. Our finding that blood KLKS is not
elevated in individuals with naMCI compared with
CU is another building block of evidence that blood

KLKS8 may be an early AD specific biomarker. The
absence of an association between blood KLKS8 and
naMCI, which is considered a prodromal stage of
non-AD type dementias [33, 35-37], is a necessary
prerequisite for the suitability of blood KLKS8 as an
AD-specific biomarker. As the field of KLKS8 and
dementia research is still emerging, there is only one
study available regarding blood KLKS8 and non-AD
type dementias. Li et al. [32] showed blood KLKS
levels to be higher in patients with vascular demen-
tia and to be inversely correlated with the cognitive
score of vascular dementia patients. If we assume
that naMCI has a high probability of progression
to vascular dementia, the results of Li et al. appear
contrary to our findings. However, AD and vascular
dementia often co-occur. While we excluded individ-
uals with vascular dementia from the AD collective
in our previous analyses [14, 18], Li et al. did not
exclude patients with AD in their vascular demen-
tia collective. Therefore, it is quite possible that the
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increase in KLLK8 in their collective was due to co-
occurring AD. Further research is needed regarding
the role of blood KLKS and other non-AD causes of
dementia to support the specificity of blood KLKS8
for AD.

Strengths and limitations

Strengths and limitations of our study are as fol-
lows: Strengths are that the cases and controls are
from a large population-based study. The high qual-
ity of data collection and processing in this study was
confirmed by external certification. All cases and con-
trols were free of severe diseases (like stroke and
cancer) and had normal inflammatory parameters.
Blood collection was performed in a central refer-
ence laboratory, and the storage period of the samples
was similar. Furthermore, cases and controls were
matched for sex and age. The major limitation is that
our naMCI diagnosis was based on cognitive testing
only, with no amyloid, tau, p-tau, or neurodegen-
eration biomarkers available. Therefore, we cannot
rule out whether our naMCI participants are truly
not on the ‘Alzheimer’s continuum’. Another limita-
tion is the size of the population analyzed. Our study
was primarily designed as a cardiovascular health
study of myocardial infarction with long follow-up
periods between examinations (every 5 years) and a
high proportion of young participants (45-75 years
at baseline). Therefore, the number of subjects with
naMCl at study time T2, ten years after baseline, is not
particularly high, and it is not yet clear how cognition
has or will develop in these participants over time.
Annual postal follow-up of these participants after
T2 will continue to take place. Currently, data are
being compiled from follow-up questionnaires and
medical reports, and our dementia endpoint commit-
tee is identifying subjects that developed dementia
in the further course of the study. Another limi-
tation is that the measurement of blood KLKS8 is
not yet established for routine testing, and there
are no established normal values of blood KLKS.
Studies of blood KLKS in large population-based
collectives do not exist. In our study, however, the
aim is not to establish or compare possible cut-
offs, but first to clarify whether there is an effect
at all or whether there is no effect. Last, it should
also be noted that because of the possible different
sources of KLLK8 as described in the introduction, the
major source of the KLKS8 we measured in blood is
not known.

Conclusion

Our exploratory study is the first population-based
case-control study to show that blood KLKS is not
likely to be a biomarker for naMCI, which is consid-
ered to be a precursor for non-AD type dementia. In
our study, blood KLLK8 is not elevated in persons with
naMCI compared with CU. As blood KLKS is sup-
posed to be an early biomarker for AD, this highlights
its specificity for AD. However, further studies on
this comparing more groups like CU, aMCI, naMCl,
AD, vascular dementia, other dementia, and other
neurodegenerative diseases are urgently needed.
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