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Abstract.
Background: The relation between vascular risk factors (VRFs) and Alzheimer’s disease (AD) is important due to possible
pathophysiological association.
Objective: To assess the prevalence of VRFs in biomarker-based AT(N) groups and the associations between VRFs, AD
cerebrospinal fluid (CSF) biomarkers, brain magnetic resonance imaging (MRI), and cognition in clinical context.
Methods: We included patients from two memory clinics in University Hospital Aachen (Germany) and Maastricht University
Medical Centre (The Netherlands). Subjects were older than 45 years and had available data on demographics, VRFs, CSF
AD biomarkers, and MRI. We categorized individuals in normal AD biomarkers, non-AD change, and AD-continuum groups
based on amyloid (A), tau (T), and neurodegeneration (N) status in CSF and MRI. Regression models were corrected for
age, sex, and site.
Results: We included 838 participants (mean age 68.7, 53.2% male, mean MMSE 24.9). The most common VRFs were
smoking (60.9%), hypertension (54.6%), and dyslipidemia (37.8%). Alcohol abuse and smoking were most frequent in the
non-AD-change group, and coronary heart disease and carotid artery stenosis in the AD continuum group. Higher rates of
depression were found in the normal AD biomarkers group. Parietal atrophy and cortical microbleeds were specific for the
AD continuum group. Carotid artery stenosis was associated with pathological A�42 and T-tau values, and diabetes and
alcohol abuse were associated with worse medial temporal atrophy and atrial fibrillation, with worse cognition.
Conclusion: VRFs are common in memory clinic patients, showing differences across the AT(N) biomarker groups. This is
important for prevention and individualized treatment of dementia.
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INTRODUCTION

Cognitive decline and dementia pose a great chal-
lenge for healthcare systems worldwide, with the
global number of individuals living with demen-
tia having doubled in the last three decades [1],
contributing to the increased disease burden [2].
Understanding the relationship between dementia
pathophysiology and vascular risk factors (VRFs) is
especially important not only due to their possible
association, but also due to the availability of mod-
ification and prevention strategies. However, study
results have often been inconsistent. Despite showing
that vascular disease in elderly persons is common,
the relationship between VRFs and Alzheimer’s dis-
ease (AD) pathophysiology, as well as AD-related
cognitive decline, remain unclear.

Studies investigating the association between vas-
cular comorbidities, AD pathophysiological changes,
and cognitive decline are scarce and mostly focused
on population-based data. Such approaches have
shown that VRFs such as hypertension [3, 4], dia-
betes [3, 4], stroke [5], and atrial fibrillation [6]
are associated with an increased risk of future cog-
nitive impairment. Nevertheless, in clinical-based
studies, the association between VRFs and future
cognitive decline could not be found in patients with
mild cognitive impairment (MCI) [7] or AD [8].
A clinical-based study in a memory clinic showed
that hypertension and lower body mass index, in
combination with pathological AD biomarkers in
cerebrospinal fluid (CSF), were associated with a
higher risk of progression to dementia in patients
with a MCI [9]. Also, having a combination of patho-
logical amyloid levels in CSF and cerebrovascular
disease in brain MRI has been found to be associated
with higher medial temporal atrophy scores, which
is one of the hallmarks of AD [10]. However, a clear
relationship between VRFs and typical AD specific
biomarker changes in CSF has not yet been shown
[11, 12].

So far, the association of VRFs and the newly
proposed biomarker classification system for AD
by Jack et al. [13] remains unknown. In 2018, the
NIA-AA Research Framework presented a biomarker
classification system, based on the presence of
amyloid-pathology (A), tauopathy (T), and neurode-
generation (N), aiming for a more precise definition
and understanding of AD pathophysiology. The
AT(N) is a descriptive binary system for categorizing
multidomain biomarker findings and could be paired
with any other staging system. Having said this, the

AT(N) classification does not yet include an impor-
tant aspect of dementia pathophysiology—vascular
burden (V) [14, 15]. Studies suggest that (V) may
serve as a comorbidity next to the amyloid-pathology,
tauopathy, and neurodegeneration while promoting
cognitive decline [16, 17].

Overall, there is a need to deepen the knowl-
edge about the complex associations between VRFs,
pathophysiological AD biomarkers, and clinical
characteristics in patients with suspected cognitive
impairment. The aims of this study were to investi-
gate the prevalence of VRFs with regard to the AT(N)
classification in a memory clinic setting, as well as to
assess in more detail the association between VRFs,
AD CSF biomarkers, imaging, and clinical charac-
teristics.

METHODS

Participants

We included consecutive patients from the Depart-
ment of Neurology, University Hospital Aachen
(Germany) and the Maastricht University Medical
Centre (The Netherlands) memory clinics, referred
for diagnostic evaluation of cognitive complaints,
between 2008–2019 (Aachen) and 2009–2019
(Maastricht). Available data included information
on demographics (age, sex, marital status, educa-
tion level, history of dementia in first-degree family
members), medical history, VRFs, medication, cogni-
tive assessment, CSF neurodegeneration biomarkers,
and brain MRI. All data in Maastricht and Aachen
were collected according to common standards and
concepts as part of clinical routine at both mem-
ory clinics. Data was anonymized and harmonized
to enable the analysis of both databases simultane-
ously. We selected patients who were older than 45
years and had CSF and MRI data available to allow
for AT(N) classification. We chose this age group in
order to keep the sample as representative as possi-
ble, as restricting the cohort to only middle-aged and
old patients would have led to a loss of an impor-
tant part of memory clinic patients. We excluded
patients, who were younger or equal than 45 years,
did not have CSF or MRI data available and/or had
a cognitive impairment due to other causes rather
than probable neurodegenerative and/or cerebrovas-
cular disease (e.g., post-traumatic, post-infectious,
chronic-inflammatory). We did not exclude patients
with depression, as it is known to be an important
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risk factor and possible prodromal symptom of mild
cognitive impairment and dementia [18, 19].

Clinical measures

The information about the history of following
VRFs was collected from medical documentation
and questionnaires: arterial hypertension, diabetes
mellitus (types 1 and 2), dyslipidemia (including
elevated cholesterol, triglycerides and low density
lipoprotein levels, and also reduced levels of high-
density lipoproteins), relevant carotid artery stenosis,
atrial fibrillation, coronary heart disease, myocar-
dial infarction, history of cardiovascular surgery
(coronary stent, bypass operation or both), his-
tory of cerebral ischemic event (stroke or transitory
ischemic attack), history of alcohol abuse (present
or past), history of smoking (present or past). The
diagnoses of VRFs were made by clinicians accord-
ing to common guidelines. Obesity was defined as
body mass index ≥ 30 kg/m2. Although not a VrF
per se, history of depression was also included, as
it is an important risk factor for cognitive dec-
line. Additionally, information on medication was
gathered for antihypertensives, diuretics, antithrom-
botic agents (antiplatelet agents, anticoagulants or
both), statins, benzodiazepines, neuroleptics, antide-
pressants, anticonvulsants, antiparkinsonian drugs,
anticholinergic drugs, narcotic analgesics, nons-
teroidal anti-inflammatory drugs, vitamins, thyroid
supplements, hormone replacement therapy, diabetes
medication and steroids, as well as dementia spe-
cific medication (cholinesterase inhibitors and/or
memantine).

Global cognition and neuropsychiatric measures

All subjects underwent the Mini-Mental State
Examination (MMSE) [20] and/or Montreal Cog-
nitive Assessment (MoCA) [21] tests to screen
for global cognitive impairment. In cases where
only MoCA was available, its score was con-
verted to a MMSE score according to previously
published conversion scores [22]. The Clinical
Dementia Rating (CDR) [23] score was also
measured.

MRI atrophy and vascular measures

MRI scans from clinical routine exams usu-
ally included T1-weighted, T2-weighted, T2∗, and
FLAIR sequences. In Maastricht, all MRIs were

acquired with a 3 Tesla scanner, in Aachen 55% of
MRIs were acquired with 1.5 Tesla, 31% with 3
Tesla, and for 14% this information was missing.
All scans were rated using the following atrophy
visual rating scales: medial temporal lobe atrophy
for left and right hemispheres (MTA, scale 0–4)
[24], Koedam score for posterior atrophy (scale
0–3) [25], and global cortical atrophy (GCA, scale
0–3) [26]. Vascular pathology in MRI was also
assessed using the Fazekas visual rating score for
white matter hyperintensities (WMH, scale 0–3) [27].
Subcortical and cortical cerebral microbleeds were
counted. Ischemic infarcts and macrohemorrhages
were evaluated visually and also coded according to
the neuroradiological reports. Ischemic infarcts were
divided into strategic (middle cerebral artery, pos-
terior cerebral artery, watershed and lacunar bilateral
thalamic infarctions) and non-strategic [28]. All MRI
scans were rated by two independent raters, blinded
to clinical data. Discrepancies, defined as greater than
1 point for each of the rating scales, were solved by
consensus. Average scores of both raters were used
for statistical analyses.

CSF measures

CSF parameters were obtained from the Neu-
rochemical Laboratory at the University Medi-
cal Center Göttingen in Germany for Aachen
(including amyloid-�42 (A�42), A�40, A� ratio
([A�42/A�40]x10), total tau (T-tau) protein, phospho-
rylated tau protein 181p (P-tau)) or from Radboud
University in Nijmegen in the Netherlands for
Maastricht (including A�42, T-tau, and P-tau). The
analyses were conducted using commercially avail-
able assays (IBL highly sensitive A�40 ELISA
and Fujirebio Innotest for A�42, T-tau, and P-
tau). For harmonizing purposes, CSF markers were
dichotomized into normal and abnormal based on
each of the assay’s specific cut-off scores for
each center. The cut-off values for pathological
results in Maastricht were: A�42 < 500 pg/ml, T-
tau > 350 pg/ml, P-tau > 85 pg/ml; in Aachen:
for A�42 until May 2011 < 500 pg/ml, after May
2011 < 450 pg/ml; A�42/ A�40 < 0.5; T-tau until
May 2011 > 500 pg/ml, after May 2011 > 450 pg/ml;
P-tau > 61 pg/ml.

AT(N) biomarker classification

Each individual was assigned an AT(N) profile
according to Jack et al. [13], depending on CSF
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and MRI results, with “A” referring to amyloid-
pathology (pathological CSF A�42/ A�40 ratio or, if
not available – CSF A�42 value), “T” to tauopathy
(pathological CSF P-tau values), and “N” repre-
senting neurodegeneration (pathological CSF T-tau
values and/or average MTA score ≥ 2). In this man-
ner, every subject gained an individual A (+/–) T
(+/–) N (+/–) profile. Subsequently, participants were
grouped into three groups depending to their AT(N)
profile: normal AD biomarkers (A-T-N-), non-AD
pathological change (A-T+N-, A-T-N+, A-T+N+),
and AD continuum (A + T-N-, A + T+N-, A + T-N+,
A + T+N+).

Statistical analysis

Statistical analysis was carried out with SPSS
Statistics software, version 26. The normality of
variables was assessed using Kolmogorov-Smirnov
test. To investigate the differences between the
AT(N) groups, Kruskal–Wallis test was used for
continuous variables and Pearson χ2 for nominal
and ordinal variables. When applicable, post-hoc
analyses were done with correction for multiple
comparisons. Correction for multiple comparisons
was done using SPSS program for linear variables
(Bonferroni and Games-Howell tests). For nominal
variables, we used squared adjusted Z-values for
every variable to calculate new, corrected p-values
using SPSS. The associations between risk factors,
CSF biomarkers, MRI data, and cognitive scores
were investigated using linear regression analyses
(continuous outcomes) or logistic regression analyses
(dichotomous outcomes), corrected for age at base-
line, sex, and study center (Aachen or Maastricht).
For cognitive scores, additional correction for years
of education was applied. For regression analyses,
risk factors, infarctions, macrohaemorrhages, subcor-
tical, and cortical microbleeds were dichotomized
(0 – absent/normal, 1 – present/pathological).
The remaining MRI and cognitive scores (MTA,
GCA, Koedam score, white matter hyperintensities
(Fazekas) score, MMSE) were considered contin-
uous. The significance level was set at 0.05. The
calculated Cohen d effect sizes were classified as fol-
lows: 0.2–0.4 – small effect, 0.5–0.7 – intermediate
effect, > 0.8: large effect.

Ethics

The study was approved by the local ethics com-
mittees (EK 018-19 for Aachen, METC 09-3-037,

METC 09-3-038, and METC 15-4-100 for Maas-
tricht) and conducted according to The Code of Ethics
of the World Medical Association (Declaration of
Helsinki).

RESULTS

Patient characteristics

There were 897 subjects in the initial dataset. Of
the 838 subjects included into the final analysis after
exclusion (see Supplementary Figure 1), 446 (53.2%)
were men. Classification into the 3 AT(N) groups
yielded: 315 (37.6%) subjects in the normal AD
biomarkers, 255 (30.4%) in the non-AD change, and
268 (32.0%) in the AD continuum group (see Table 1
for patient characteristics). Age ranged from 46 to 92
years with a mean age of 68.7 ± 9.7 years. The three
groups differed in age, with both non-AD change and
the AD continuum groups being significantly older
than the normal AD biomarkers group. Marital status
and education level did not differ between the groups.
Within the AD continuum group, more patients had
a positive history of dementia in first-degree family
members. The average symptom duration at the first
visit in the memory clinic was 3.0 ± 2.8 years.

According to the CDR score, 5.2% of the subjects
had subjective cognitive impairment (CDR 0), 60.3%
MCI (CDR 0.5), 27.9% mild dementia (CDR 1),
6.2% moderate dementia (CDR 2), and 0.4% severe
dementia (CDR 3). The average MMSE score was
24.9 ± 4.5, being worse in both non-AD change and
AD continuum groups compared to the normal AD
biomarkers group (see Supplementary Figure 2). The
average MoCA score was 19.0 ± 5.5 and differed
only between the normal AD biomarkers group and
AD continuum group.

Considering the etiological diagnoses from the
medical documentation, the majority of patients
were diagnosed with AD (36.5%), vascular dementia
(16.9%), major depression (8.4%), and mixed demen-
tia (4.9%). Other etiological diagnoses included
frontotemporal dementia (4.3%), Parkinson’s demen-
tia (1.6%), Lewy body dementia (1.4%), normal
pressure hydrocephalus (1.4%), progressive supranu-
clear palsy (0.5%), and corticobasal degeneration
(0.4%). In 8.5% of the cases, the etiological diagnosis
was unclear and for 15.3% subjects this information
was missing (only syndromic diagnosis was avail-
able). For further data on etiological diagnoses see
Supplementary Table 1.
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Prevalence of risk factors

The most common VRFs in the total group were
smoking (60.9%), arterial hypertension (54.6%), and
dyslipidemia (37.8%). From the total of 274 smok-
ing participants, 105 were current and 169 were past
smokers. In the subgroup of subjects with arterial
hypertension, 359 (79,4%) were taking antihyper-
tensive medication. The least common comorbidities
in the whole cohort were atrial fibrillation (5.3%),
myocardial infarction (5.7%), and history of cardio-
vascular surgery (8%).

Both alcohol abuse and smoking were the most
prevalent in the non-AD-change group (smoking:
Pearson χ2 = 7.871, p = 0.020, alcohol abuse: Pear-
son χ2 = 7.501, p = 0.024). A higher prevalence in the
AD continuum group than in normal and non-AD-
change groups was found for coronary heart disease
(Pearson χ2 = 9.788, p = 0.007) and carotid artery
stenosis (Pearson χ2 = 22.326, p < 0.001). An addi-
tional analysis on depression showed that it was more
frequent in the normal AD biomarkers group than in
non-AD-change and AD continuum groups (Pearson
χ2 = 12.930, p = 0.002). No differences between the
groups were observed for the remaining risk factors
(see Table 2 for the prevalence of VRFs).

Moreover, the overall usage of medication was
analyzed. The most commonly used medication was
antihypertensive drugs (51.2% of the total cohort),
antithrombotic agents (37.7%), and statins (32.9%).
The usage of antidepressants was also fairly prevalent
(24.1% in the total cohort), with a significant higher
percentage in the normal AD biomarkers group
(27.0%). The number of persons taking dementia
medication was highest in the AD continuum group
(32.2% versus 10.3% in the normal AD biomarkers
group and 20.4% in the non-AD change group, Pear-
son χ2 = 40.113, p < 0.001) (for data on medication
see Supplementary Table 2).

MRI findings

For the whole group median visual ratings for
GCA and Koedam scales corresponded to mild atro-
phy scores. Also, the median WMH (Fazekas) score
in the full cohort was 1.00, reflecting mild vascular
changes (see Table 3 for full MRI results). Compared
to the normal AD biomarkers group, higher scores
for GCA were observed in both non-AD change
and AD continuum groups. The Koedam score was
higher in the non-AD change group than in the nor-
mal AD biomarkers group, and the highest in the AD
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. continuum group. WMH were significantly more pro-

nounced in both non-AD change and AD continuum
groups than in the normal AD biomarkers group (see
Supplementary Figure 3 for MRI scores). Consid-
ering microbleeds, a difference between the groups
was seen only for cortical microbleeds, as they were
most often found in the AD continuum group (Pear-
son χ2 = 9.441, p = 0.009). The frequency of ischemic
infarctions and macrohaemorrhages in MRIs was in
general quite scarce and no differences between the
groups were observed.

Association between the risk factors and CSF
biomarkers

The association between the VRFs and CSF
biomarkers was assessed using logistic regression
models. After corrections for age, sex, and study
center, carotid artery stenosis was found to be asso-
ciated with pathologic A�42 (Odds Ratio (OR) 1.76
(95% Confidence Interval (CI) 1.22–2.59), p = 0.003)
as well as pathologic T-tau (OR 1.67 (95% CI
1.16–2.40), p = 0.006). Some associations showed
risk factors leading to better outcomes in CSF
biomarkers. Ischemic event (OR = 0.59 (95% CI
0.36–0.97), p = 0.036) and smoking (OR 0.56 (95%
CI 0.35–0.89), p = 0.015) were negatively associated
with A�42 pathology. Also, persons with diabetes
mellitus were less prone to having a pathological
A�42/A�40 ratio (OR 0.60 (95% CI 0.37–0.97),
p = 0.036). No other significant associations were
observed.

Association between risk factors and MRI
atrophy scores

We also investigated the association between VRFs
and MRI atrophy scores. More severe MTA scores
were associated with diabetes mellitus (� = 0.067,
p = 0.025) and alcohol abuse (� = 0.120, p = 0.022).
Some reverse effects were also observed. For
MTA, coronary heart disease was associated with
lower atrophy scores (� = –0.074, p = 0.014) and for
Koedam score, cardiovascular surgery (� = –0.105,
p = 0.002) and dyslipidemia (� = –0.110, p = 0.002)
were associated with lower scores.

AT(N) subgroup analyses revealed some additional
insights. In the non-AD change group, atrial fibril-
lation was associated with more severe scores for
both GCA (� = 0.179, p = 0.010) and Koedam score
(� = 0.253, p < 0.001). In the AD continuum group,
carotid artery stenosis was associated to worse GCA
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scores (� = 0.160, p = 0.008). However, some reverse
effects were also observed: in the non-AD change
group, carotid artery stenosis (� = –0.127, p = 0.018)
and obesity (� = –0.242, p = 0.013) were associated
with lower MTA scores, and carotid artery steno-
sis predicted less severe GCA scores (� = –0.135,
p = 0.029). Additionally, in the AD continuum group,
depression was associated with lower Koedam scores
(� = –0.153, p = 0.013).

Association between vascular risk factors and
cognitive scores

The association between the VRFs and MMSE
scores was assessed. Atrial fibrillation was a signif-
icant predictor for lower MMSE scores (� = –0.067,
p = 0.047), whereas ischemic event (� = 0.067,
p = 0.046) and smoking (� = 0.073, p = 0.039) were
associated with higher MMSE scores. Other VRFs
were not associated with MMSE scores. No addi-
tional associations were found in the subgroup
analysis.

DISCUSSION

Our study showed that VRFs are common in
patients from a memory clinic setting. The highest
prevalence was found for smoking, arterial hyperten-
sion and dyslipidemia. Furthermore, prevalence rates
of risk factors differed between the AT(N) groups:
smoking and alcohol abuse were most often found
in the non-AD change group and coronary heart dis-
ease and carotid artery stenosis were most frequent in
the AD continuum group. We also found higher rates
of depression in the normal AD biomarkers group
than in other groups. Considering the MRI results,
only Koedam score and cortical microbleeds seemed
to be specific for the AD continuum group, whereas
GCA and WMH were frequently more severe in both
non-AD change and AD continuum groups than in
the normal AD biomarkers group. We found dia-
betes mellitus and alcohol abuse to be associated with
worse MTA atrophy scores. In the AT(N) subgroup
analysis, several other risk factors emerged: atrial fib-
rillation was associated with worse atrophy scores in
the non-AD change group and carotid artery steno-
sis, to higher atrophy scores in AD continuum group.
We also found an association between having carotid
artery stenosis and pathological A�42 and T-tau val-
ues. Lastly, we observed an association between atrial
fibrillation and worse MMSE score.
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Our results on the prevalence of risk factors in a
memory clinic cohort are mainly in line with those
from other studies [9, 11]. Our study is, to the best
of our knowledge, the first study to approach the
prevalence of VRFs in regard to the biological-based
AT(N) classification in a memory clinic setting, there-
fore adding new insights about possible associations
between AT(N) biomarkers, VRFs, and clinical char-
acteristics.

In our data, carotid artery stenosis was associated
with pathological A�42 and T-tau values. Previous
studies have shown, that midlife VRFs are associ-
ated with elevated brain amyloid levels in positron
emission tomography [29], although the particu-
lar association between carotid artery stenosis and
amyloid-pathology was not found in another study
[30]. On the other hand, the same study found [30]
intracranial artery stenosis to be related to amyloid-
independent neurodegeneration, which is in line with
our findings on the association with T-tau pathology.
Our results suggest, that macroangiopathy, leading to
chronic hypoxia, might be a relevant risk factor for
both amyloid-independent and amyloid-related brain
pathology.

Furthermore, we found that diabetes mellitus and
alcohol abuse were associated with worse MTA
scores in the total cohort. Additionally, atrial fibril-
lation was related with worse atrophy scores in the
non-AD change group and carotid artery stenosis,
with higher atrophy scores in AD continuum group.
In previous studies, various VRFs, such as diabetes
mellitus [31] and arterial hypertension [32] have been
found to be associated with lower medial temporal
lobe volume. Our results, showing different associ-
ations between VRFs and atrophy scores depending
on the AT(N) group, suggest the importance of con-
sidering both AD biomarkers as well as VRFs, when
assessing the clinical and neuroimaging characteris-
tics of patients in memory clinic.

During the data analysis, we have also investigated,
whether there was a difference in the association of
VRFs, biomarkers, and cognition in subjects with
treated versus untreated arterial hypertension, dia-
betes, atrial fibrillation, and dyslipidemia. We did not
find any difference in treated and untreated subjects
for these outcomes.

When analyzing the MRI measures, we found that
parietal atrophy was an important parameter in dis-
tinguishing AD continuum subjects from normal and
non-AD change AT(N) groups. This emphasizes the
importance of considering not only the medial tempo-
ral lobe atrophy, but also other brain areas, especially

the parietal region, as well as microbleeds when
considering the AD diagnosis. We also found more
cortical microbleeds in AD continuum than in any
other AT(N) group. As the neuropathological inter-
section between AD and cerebral amyloid angiopathy
is widely known [33], it is likely, that in subjects
with microbleeds, positive amyloid biomarkers, and
cognitive decline both pathologies are present simul-
taneously.

Our results on the impact of atrial fibrillation on
MMSE are in line with previous studies, which found
a link between dementia and atrial fibrillation inde-
pendently from stroke history [6]. Other studies also
found VRFs, such as hypertension, smoking, and
diabetes to be associated with an increased risk of
cognitive impairment and dementia [34]; however,
we did not observe this link with any other risk fac-
tor. This unexpected result might be explained by
the cross-sectional, rather than longitudinal nature
of our study. Another limitation is that in our study
we mainly analyze the late life risk factors in a “real
world” memory clinic setting. Including a younger
population and investigating midlife VRFs might
reveal additional insights on this association as well.
Although analysis involving the clinical severity of
the cognitive decline (e.g., CDR score) did not reveal
additional associations in our study, one could expect
that with increasing level of cognitive impairment,
more or stronger associations between VRFs and AD
biomarkers might emerge. Future studies should con-
sider this, when exploring the association between the
vascular and AD pathologies in cognitive decline.

The strengths of this study are the relatively large
memory clinic-based dataset of 838 subjects with
available CSF and neuroimaging markers, allow-
ing the AT(N) classification. The limitations are
mostly due to the heterogeneity of the sample and
patient differences between Maastricht and Aachen.
We therefore have used standardized protocols when
harmonizing the data as well as corrected analysis
for study center when calculating multivariate mod-
els. The clinical setting of the study has made the
harmonization of the data and clear definition of
risk factors rather difficult and led to some variables
with high amounts of missing data (e.g., pack-years
for smoking was not available in most of the cases)
or underreporting, which is often seen in such type
of studies. Another possible limitation of the study
stems clinical nature of the study: as our data were
obtained from a clinical setting, the first etiological
assessment (or etiological diagnosis) was often based
on anamnestic and clinical evaluation, before the full
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diagnostics, including biomarkers, have been com-
pleted. That is why these are rather clinical, and not
biomarker-based diagnoses.

Although vascular burden is clearly an important
aspect of dementia pathophysiology, adding the (V)
factor to the AT(N) classification remains a challeng-
ing task because of the complex and heterogeneous
association between VRFs, AD biomarkers, clini-
cal and neuroimaging characteristics. Additionally,
the difficulty to find clear and strong associations
between V and AT(N) suggests at least a partial
independence between those two pillars of the patho-
physiology of cognitive decline. In our study we
suggest the associations of VRFs, AD biomarkers,
and cognition, but do not intend to build a V factor,
as our results do not allow it.

In summary, we found that VRFs are very common
in memory clinic patients, showing distinct differ-
ences between different AT(N) biomarker profiles.
VRFs show an association with biomarkers, neu-
roimaging and clinical characteristics, emphasizing
the importance of their therapeutic control in mem-
ory clinic patients, in order to improve the prevention
and treatment of dementia. Furthermore, well con-
trolled studies in clinical settings, investigating the
coexistence of vascular burden and AD pathology are
needed to gain a better understanding of this highly
complex relationship.
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M, Koyanagi A, Krohn KJ, Logroscino G, Lorkowski S,
Majdan M, Malekzadeh R, März W, Massano J, Mengistu G,
Meretoja A, Mohammadi M, Mohammadi-Khanaposhtani
M, Mokdad AH, Mondello S, Moradi G, Nagel G, Naghavi
M, Naik G, Nguyen LH, Nguyen TH, Nirayo YL, Nixon
MR, Ofori-Asenso R, Ogbo FA, Olagunju AT, Owolabi
MO, Panda-Jonas S, Passos VM de A, Pereira DM, Pinilla-
Monsalve GD, Piradov MA, Pond CD, Poustchi H, Qorbani
M, Radfar A, Reiner RC, Robinson SR, Roshandel G, Ros-
tami A, Russ TC, Sachdev PS, Safari H, Safiri S, Sahathevan
R, Salimi Y, Satpathy M, Sawhney M, Saylan M, Sepanlou
SG, Shafieesabet A, Shaikh MA, Sahraian MA, Shigematsu
M, Shiri R, Shiue I, Silva JP, Smith M, Sobhani S, Stein DJ,
Tabarés-Seisdedos R, Tovani-Palone MR, Tran BX, Tran
TT, Tsegay AT, Ullah I, Venketasubramanian N, Vlassov
V, Wang Y-P, Weiss J, Westerman R, Wijeratne T, Wyper
GMA, Yano Y, Yimer EM, Yonemoto N, Yousefifard M,
Zaidi Z, Zare Z, Vos T, Feigin VL, Murray CJL (2019)
Global, regional, and national burden of Alzheimer’s dis-
ease and other dementias, 1990-2016: A systematic analysis
for the Global Burden of Disease Study 2016. Lancet Neurol
18, 88-106.

[2] Deuschl G, Beghi E, Fazekas F, Varga T, Christoforidi KA,
Sipido E, Bassetti CL, Vos T, Feigin VL (2020) The bur-
den of neurological diseases in Europe: An analysis for the
Global Burden of Disease Study 2017. Lancet Public Health
5, e551-e567.

[3] Li J-Q, Tan L, Wang H-F, Tan M-S, Tan L, Xu W, Zhao
Q-F, Wang J, Jiang T, Yu J-T (2016) Risk factors for
predicting progression from mild cognitive impairment to
Alzheimer’s disease: A systematic review and meta-analysis
of cohort studies. J Neurol Neurosurg Psychiatry 87,
476-484.

[4] Xu W, Tan L, Wang H-F, Jiang T, Tan M-S, Tan L, Zhao Q-F,
Li J-Q, Wang J, Yu J-T (2015) Meta-analysis of modifiable
risk factors for Alzheimer’s disease. J Neurol Neurosurg
Psychiatry 86, 1299-1306.
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