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Editorial on the Research Topic
Translational advances in Alzheimer's, Parkinson's, and other dementia:
molecular mechanisms, biomarkers, diagnosis, and therapies, volume Il

This Research Topic (RT) is a series continuation of two previous prominent RTs,
Volume I (Jiang et al., 2022b) and Volume II, (Jiang et al., 2022a) published in 2022. These
previous publications reviewed 69 and 57 articles, respectively. Volume III is the latest
collection on the topic and comprises 41 globally sourced articles, contributing significant
updates from diverse viewpoints on this important theme between 2022 and 2023. In total,
362 authors, including researcher scientists and clinicians, who were actively engaged in
the field, contributed to these Research Topics.

The ability to detect neurodegenerative dementia at an early stage continues to receive
increased attention. Common etiologies include Alzheimer’s disease (AD), Parkinson’s
disease (PD), and vascular dementia (VD) (Andjelkovic et al., 2023; Andrews et al,
2023; Louis et al, 2023). Study results have shown that changes in the underlying
molecular biology of such cognitive impairments are associated with dementia. Recently,
research studies have demonstrated that molecular imaging techniques can capture small
alternations in patients with dementia. Improvements in biotechnologies, such as primarily
positron emission tomography (PET) and magnetic resonance imaging (MRI), continue to
demonstrate molecular imaging techniques that capture the small alterations and events
in patients with dementia (Borghammer, 2021; Roda et al., 2022). Moreover, artificial
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intelligence is emerging as a critical tool in bioinformatics research
(Mei et al., 2021; Goyal et al., 2022). However, detection of AD and
other dementias in their “early phase” remains a challenge in the
current standard of care.

To address current challenges, the articles in this Volume are
categorized into sections based on their underlying disciplinary
approach, which seeks to identify and/or treat dementia.

Genetics

Luo et al. identified REPSI as the hub gene for AD and VD
based on 3 datasets. Qiu et al. identified a novel rare variant
c. - 2067A > C and found that it may reduce Amyloid-p (AB)
deposition in the hippocampus. Wang et al. implemented whole-
exome sequencing (WES) and whole-genome sequencing (WGS)
to mine data from 3,959 PD patients and 2,931 healthy controls.
The results showed that COL6A3 and TH were associated with PD.
Dawson et al. discovered that dysregulated expression of ancient
retrovirus insertions in the human genome are present in AD. Ma
et al. developed and utilized predictive models to assess the risk of
developing the disulfidptosis subtype in patients with AD, finding
that disulfidptosis is strongly associated with AD.

Biomarkers: molecular

Leiros et al. reported that higher serum levels of vitamin A,
vitamin D, transthyretin (TTR), albumin, selenium (Se), and uric
acid (UA) could act as protective factors against cognitive decline
based on multiple logistic regression, whereas higher body mass
index (BMI) could act as a risk factor. Chen Y.-T. et al. combined
plasma a-synuclein level and Motor Dysfunction Questionnaire
(MDQ) to discriminate between dementia with Lewy bodies (DLB)
and AD. Wu et al. used an engineered tau fragment 4RCF as
a substrate to investigate misfolded tau from diseased AD and
other tauopathy brains and were able to seed the recombinant
4RCF substrate. Their conclusion from the data were that it may
be useful as a biomarker for the diagnosis of AD and related
tau lesions. In a study performed by Nardini et al, utilizing
the mechanical characteristics of red blood cells, they used a
standard linear solid model that was found to demonstrate excellent
classifications for determining AD. Lu et al. used different mouse
models to find that similar pathogenic features in aging, AD, and
perioperative neurocognitive disorder (PND) from dysregulation
of protein kinase C (PKC)/protein kinase (PKR) activity may be
related to its pathogenesis. Based on the Parkinson’s Progression
Markers Initiative (PPMI) database, Sheng et al. found that the
concentration and changes of Neurofilament light chain protein
(NfL) in cerebrospinal fluid (CSF) could be used to identify the
cognitive progress in PD patients.

Chen D. et al. surveyed significant changes in the vitamin
profile in multiple system atrophy (MSA). The results from
receiver operating characteristic (ROC) curves suggested that
vitamin A, folate, and vitamin C could discriminate between
MSA and normal controls. Yang et al. applied high-resolution
mass spectrometry to detect metabolites in AD plasma samples,
wherein they found significant fluctuations in the levels of plasma
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metabolites, PAGIn, and L-arginine in the AD group. Using 6
datasets derived from AD frontal cortex samples, Jin et al. employed
a combination of bioinformatics analysis and machine learning
(ML) to screen out thioredoxin interaction protein (TXNIP), early
growth Response 1 (EGR1), and insulin-like growth factor binding
protein 5 (IGFBP5), as diagnostic markers for AD. He et al.
evaluated the gut microbiota-brain-cognition interaction, wherein
their findings suggested that there is an intrinsic association
between gut microbiota changes, brain atrophy, and cognitive
decline. Collins et al. determined a positive association between
plasma NfL levels measured by single molecule array technology
and cognitive decline with aging. They suggested that although NfL
level was associated with cognitive decline, it did not mediate the
relationship between age and cognition.

Biomarkers: imaging

Tsui et al. quantified the comprehensive morphological
characteristics of A plaque deposition in the brain using an AD
mouse model. In using ! C-CFT coupled with PET imaging, Chen
M.-J. et al. determined that there is a significant contribution to
the disease severity of progressive supranuclear palsy (PSP) by
the striatal dopamine transporter (DAT) bindings (caudate). By
utilizing the functional covariance connection strength method,
Du et al. indicated that characteristics of olfactory-related brain
networks can potentially be used as neuroimaging biomarkers for
characterizing PD states.

Li S. et al. performed '3!'I-metaiodobenzylguanidine (MIBG)
scintillation imaging on 37 subjects, wherein they determined
that MIBG uptake rate could assist in PD diagnosis. Hao et al.
combined retinal imaging and multimodal MRI to show promising
results in identifying AD patients. Bao et al. assessed that
regional homogeneity (ReHo) and functional connectivity (FC)
abnormalities may occur in the basal ganglia, limbic regions, and
cognitive control cortex during the early stage of gait freezing.
Isernia et al. found that depression fully mediates a relationship
between frailty and thickness of the superior limbic and rostral
medial frontal gyrus cortex.

Computer-aided diagnosis

Based on the diagnostic data of a questionnaire survey, Zhao
et al. discerned the bagging method model to have the best
diagnostic effect, whereas principal component analysis (PCA)
has the best feature selection effect, both after having compared
various models and feature selection algorithms. Deng et al. used
nomogram and the XGBoost ML method to establish an effective
and relatively accurate prediction model (accuracy of 71.86%) of
excessive daytime sleepiness (EDS) in PD.

Therapies

Khachatryan et al. focused on the inclusion of a cognitive
task during the Gamma ENtrainment Using Sensory stimulation
(GENUS) session. Their results proved that the inclusion had
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a positive effect on the strength and extent of the gamma
entrainment, followed by an improvement in the therapeutic
effect of GENUS (Khachatryan et al.). Zhou Z. et al. performed
cluster analysis in a cohort of 1,217 individuals with early-onset
PD and identified 3 clinical subtypes (mild, intermediate, and
severe). Wan et al. specified that Baduanjin exercise was effective
in improving cognition. Kainuma et al. reported that the increase
of plasma metabolite levels after 6 months of hachimijiogan
(HJG) administration was significantly higher than that of the
control group.

Mei et al. investigated the effects of bright light therapy
(BLT) on AD patients and caregivers. Their study showed
that there was an inhibitory effect of BLT on depression.
Lin et al. proposed a prospective, observational cohort study
to determine the effects of BLT on migraine patients with
sleep disorders.

Reviews

Several reviews are included in this section of the Research
Topic. Huang et al. reviewed the work related to PD and subjective
cognitive decline (SCD) and they found that PD with SCD occurred
with metabolic changes to the brain. Regmi et al. discussed the
strategies and limitations of using mesenchymal stem/stromal
cells (MSCs) therapy for AD. Subramanian et al. described the
different mechanisms and signaling regulations, highlighting the
trilateral association of autophagy, the mammalian target of the
rapamycin (mTOR) pathway, and AD with a description of
inhibiting drugs/molecules of mTOR, a strategic target in AD. Peng
et al. investigated bottlenecks in utilizing therapeutic strategies
toward AD, wherein they focused on anti-Ap, anti-tau drugs, and
mitochondrial targeted therapy to suggest future directions for AD
drug therapies.

Li G. et al. conducted a network meta-analysis that aimed
to evaluate the efficacy of acupuncture in animal models of VD,
which provided evidence that acupuncture significantly improved
cognitive function in rats with VD. Another meta-analysis was
conducted by Song et al. to show the effects of D-ribose on
cognition in rodents. They summarized the outcomes of eight
trials involving 289 rodents and conducted a systematic review.
The results of their study identified D-ribose therapy as a
cause of cognitive impairment with cognitive ability worsening
with increasing dose. Bian et al. conducted a systematic review
and meta-analysis to estimate the diagnostic value of image-
based ML for PD. The findings from their paper suggested
that image-based ML can be used as a potential tool for PD
diagnosis. As synaptic plasticity disorders play key roles in
AD, Zhang et al. implemented a bibliometric analysis to gain
insights into how systematic synaptic plasticity affects the progress
of AD.

Miscellaneous

Chen T.-Y. et al. conducted a retrospective analysis and
rated white matter hyperintensities (WMHs) visual scores on
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449 patients with DLB. This study obtained useful information that
WMHs were associated with cognitive impairment (Chen T.-Y.
et al.). Zhou X. et al. conducted a longitudinal study that enrolled
2,100 PD subjects and demonstrated that fatigue may be a risk
factor for increased disease severity.

Conclusions

A number of articles in this Research Topic collection
focus on the application of bioinformatics and computational
biology, with some studies discussing disease susceptibility genes.
In addition, several researchers used molecular methods, novel
imaging techniques, and imaging analysis to explore biomarkers.
Even though other novel clinical treatments have not been covered
here, the multidisciplinary perspectives of the studies included in
the Research Topic facilitate and improve understanding of such
disease mechanisms, helping to identify novel potential biomarkers
and treatment targets.
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Background: An abnormal increase of a-synuclein in the brain is the hallmark of
dementia with Lewy bodies (DLB). However, the diagnostic power of plasma a-synuclein
in DLB is not yet confirmed. Parkinsonism is highly associated with and is one of the core
clinical features of DLB. We studied plasma a-synuclein and developed a novel tool that
combined plasma a-synuclein level and Motor Dysfunction Questionnaire (MDQ), namely
Synuclein Motor Dysfunction Composite Scale (SMDCS), for the clinical discrimination
of DLB from Alzheimer’s disease (AD).

Methods: This cross-sectional study analyzed participants’ demographical
data, plasma a-synuclein level, MDQ, structured clinical history questionnaire,
neuropsychological and motor function tests, and neuroimaging studies. The power of
plasma a-synuclein level, MDQ, and SMDCS for discriminating DLB from non-demented
controls (NC) or AD were compared.

Results: Overall, 121 participants diagnosed as 58 DLB, 31 AD, and 31 NC were
enrolled. Patients with DLB had significantly higher mean plasma a-synuclein level
(0.24 + 0.32 pg/ml) compared to the NC group (0.08 £+ 0.05 pg/ml) and the AD
group (0.08 £+ 0.05 pg/ml). The DLB group demonstrated higher MDQ (2.95 + 1.60)
compared to the NC (0.42 4+ 0.98) or AD (0.44 + 0.99) groups. The sensitivity/specificity
of plasma a-synuclein level, MDQ, and SMDCS for differentiating DLB from non-DLB
were 0.80/0.64, 0.83/0.89, and 0.88/0.93, respectively.

Conclusion: Both plasma a-synuclein and MDQ were significantly higher in patients
with DLB compared to the NC or AD groups. The novel SMDCS, significantly improved
accuracy for the clinical differentiation of DLB from AD or NC.

Keywords: Synuclein Motor Dysfunction Composite Scale, plasma «-synuclein, dementia with Lewy bodies,
Alzheimer’s disease, Motor Dysfunction Questionnaire

Frontiers in Aging Neuroscience | www.frontiersin.org 12

May 2022 | Volume 14 | Article 920591


https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/journals/aging-neuroscience#editorial-board
https://www.frontiersin.org/journals/aging-neuroscience#editorial-board
https://doi.org/10.3389/fnagi.2022.920591
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fnagi.2022.920591
http://crossmark.crossref.org/dialog/?doi=10.3389/fnagi.2022.920591&domain=pdf&date_stamp=2022-05-19
https://www.frontiersin.org/articles/10.3389/fnagi.2022.920591/full
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles

Chen et al.

SMDCS for DLB

INTRODUCTION

Dementia with Lewy bodies (DLB) is the second most common
degenerative dementia (Geser et al., 2005; Zupancic et al., 2011).
An abnormal increase in a-synuclein in the brain is the hallmark
of Lewy body disease including Parkinson’s disease (PD) and DLB
(Surguchov, 2022). Evidence of biofluid markers for the diagnosis
of PD or DLB is still lacking consensus (Li et al., 2007; Noguchi-
Shinohara et al.,, 2009; Ohrfelt et al., 2009; Spies et al., 2009;
Kasuga et al., 2010; Hansson et al., 2014; Lin et al., 2017, 2020).
Among these studies, the examination of a-synuclein level in
the cerebrospinal fluid (CSF) for the differentiation of DLB from
other brain disorders has revealed controversial findings. Some
studies have shown no difference (Noguchi-Shinohara et al.,
2009; Spies et al., 2009) or decreased levels (Kasuga et al., 2010),
while others have demonstrated increased levels (Ohrfelt et al.,
2009; Hansson et al., 2014). Recent studies have used serum
or plasma a-synuclein for the clinical diagnosis of PD or DLB.
However, the practicality and feasibility are still being tested (Li
etal., 2007; Laske et al., 2011; Lin et al., 2017, 2020). Discrepancies
in plasma or serum studies may be due to the level of a-synuclein
stored in red blood cells being high, and hemolysis during sample
preparation and processing may confound the quantification of
a-synuclein (Barbour et al.,, 2008; Kasuga et al., 2012). Being
a novel biomarker, plasma o-synuclein is seldom studied in
patients with DLB. To our knowledge, there is only one published
study on this topic (Laske et al., 2011). Unlike Alzheimer’s Disease
(AD) which uses amyloid and phosphorylated tau in CSF or PET
imaging to establish a reliable diagnosis, the determinant imaging
or liquid biomarkers in CSF and blood samples for the diagnosis
of DLB remains unclear. Hence, more evidence is needed for
clinical practice.

Clinical characteristic features including motor and non-
motor dysfunctions are still essential for the diagnosis of PD, PD
with dementia (PDD), or DLB. In this study, we aimed to test
the diagnostic power of plasma a-synuclein for the identification
of DLB from AD and non-demented control (NC). In addition,
we tested the diagnostic efficacy with our newly developed motor
dysfunction questionnaire (MDQ) (Table A1) which has been
validated with dopamine transporter imaging by comparing
motor dysfunctions among DLB, AD, and ND groups (Chiu
et al., 2021). Furthermore, we followed the consensus criteria of
using both clinical features and biomarkers for the diagnosis of
DLB and hypothesized that a simple diagnostic tool, combining
both clinical and biomarker information, should improve the
detection of DLB. Therefore, we designed a novel, simple,
and practical tool which combined a fluid biomarker (plasma
a-synuclein level) and a clinical assessment (MDQ), namely, the
Synuclein Motor Dysfunction Composite Scale (SMDCS), for the
diagnosis of DLB.

MATERIALS AND METHODS

Participants
This was a cross-sectional study. From 2018 to 2020, a
consecutive series of NC, AD, and DLB patients were enrolled

from two dementia clinics in central Taiwan. For the diagnosis
of NC, the individual must have a global Clinical Dementia
Rating Scale (CDR) (Morris, 1993) score of 0 OR 0.5 and without
significantly impaired activities of daily living (ADL) defined by
a total Instrumental ADL score >6 (Lawton and Brody, 1969).
Patients with AD were diagnosed according to the criteria for
probable AD developed by the National Institute on Aging and
the Alzheimer’s Association workgroup (NIA-AA) (McKhann
et al,, 2011). Patients with DLB were diagnosed according to the
revised consensus criteria for probable DLB, developed by the
fourth report of the DLB consortium (McKeith et al., 2017).

Preparation of Plasma Samples

A 9-ml K3-EDTA tube was used for blood collection. No
fasting was required before for blood sampling. The tube was
gently inverted several times immediately after blood collection.
A swing-out (bucket) rotor was used to centrifuge the blood at
room temperature, at 1,500-2,500 x g, for 15 min. Aliquots of
0.5-ml plasma were transferred into fresh 2.0-ml tubes. All the
aliquoted plasma samples were stored at —80°C within 3 h of
blood collection, before the ImmunoMagnetic Reduction (IMR)
assays were performed. Plasma samples were collected in 2018-
2019 and assayed with IMR (MF-ASC-0060, MagQu) in 2018-
2019. The frozen samples are taken directly by MagQu’s staff or
delivered in dry ice to MagQu Co., Ltd. for IMR measurements.
Each reported concentration of a biomarker was the average
of duplicated measurements. The IMR analyzer (XacPro-S) was
used for assays.

Procedures

All participants were selected from Show Chwan Healthcare
Center Dementia Registry database (Chiu et al, 2020; Wang
et al, 2020; Zhu et al., 2020). The demographical, clinical,
neuropsychological, neuropsychiatric, neuroimaging, and
laboratory data were collected. The global severity of dementia
was assessed according to the CDR scale and the sum of boxes
of CDR (CDR-SB). Cognitive functions were assessed with
the Cognitive Abilities Screening Instrument (CASI) (Teng
et al., 1994) and the Montreal Cognitive Assessment (MoCA)
(Nasreddine et al., 2005). Motor functions were assessed with
the motor score of the Unified Parkinson’s Disease Rating Scale
(UPDRS Part III) (Ballard et al., 1997) and MDQ (Chiu et al,,
2021). The novel SMDCS is the sum of the MDQ score and the
a-synuclein score. The a-synuclein scores were divided into
four according to quartile of the a-synuclein level, from low
to high, with a score of 1 representing the lowest quartile and
4 the highest. Neuropsychiatric symptoms were assessed with
the 12-domain Neuropsychiatric Inventory (NPI) (Cummings
etal,, 1994). All patients had results from the following measures:
plasma a-synuclein, at least a cerebral CT or MRI, a set of blood
screening tests including complete blood count, GOT, GPT,
BUN, creatinine, thyroid function, RPR or VDRL, vitamin B12,
and folic acid. Furthermore, 96 participants underwent the
APOE genetic study, and 82 participants underwent dopamine
transporter uptake imaging with %°™Tc-Trodat-1 SPECT.
Abnormal dopamine transporter imaging (DaTabN) is one of the
indicative biomarkers for the diagnosis of DLB.
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TABLE 1 | Demographic and background characteristics of NC (n = 31), AD (n = 31), and DLB (n = 59) patients.

NC AD DLB F/x? p-Value Post hoc/pair comparison
Age, mean (SD) 68.3 (9.1) 74.1 (8.3) 77.8 (6.6) 15.41 <0.001 NC < AD < DLB
CDR-SB, mean (SD) 0.5(0.7) 4.9(3.7) 5.8(3.8) 24.96 <0.001 NC < AD < DLB
Female, n (%) 15 (48.4) 18 (68.1) 28 (47.5) 0.98 NS NC = AD = DLB
Education, mean (SD) 8.3 (4.0) 6.3 (4.4) 5.7 (5.3 3.33 0.039 NC > AD = DLB
IADL, mean (SD) 7.8(0.5) 4.3 (2.9 3.6 (2.8 31.18 <0.001 NC > AD > DLB
MoCA, mean (SD) 21.2 (5.9 11.7 (6.1) 10.6 (6.1) 32.30 <0.001 NC < AD = DLB
CASI, mean (SD) 84.7 (10.7) 59.5 (21.7) 57.5(18.7) 25.29 <0.001 NC > AD = DLB
NPI, mean (SD) 3.5 (4.4) 7.0(11.2) 14.6 (16.3) 8.36 <0.001 NC < AD < DLB
UPDRS-M, mean (SD) 7.1(5.4) 8.9 (11.3) 21.8(13.8) 8.36 < 0.001 NC = AD < DLB
VH, n (%) 13.2) 2 (6.5 29 (49.2) 30.60 <0.001 NC = AD < DLB
Parkinsonism, n (%) 2 (6.5 3(9.7) 49 (83.1) 68.86 <0.001 NC = AD < DLB
RBD, n (%) 3(9.7) 5(16.1) 34 (57.6) 26.97 <0.001 NC = AD < DLB
DaTabN, n (%) 3(13.6) 4(26.7) 32 (71.1) 22.78 <0.001 NC = AD < DLB
SBR, mean (SD) 1.71(0.37) 1.59 (0.44) 1.28 (0.39) 22.78 <0.001 NC > AD > DLB
APOE4, n (%) 8(25.8) 17 (68.1) 11 (32.4) 7.66 0.022 NC =DLB < AD

n, number of cases; NC, non-demented control; AD, Alzheimer’s Disease; DLB, dementia with Lewy bodies; NA, not applicable; NS, non-significance; CDR-SB, sum
of boxes of the Clinical Dementia Rating Scale; a-syn, plasma a-synuclein; HAI-MDQ, Motor Dysfunction Questionnaire in the History-based Artificial Intelligent Clinical
Dementia Diagnostic System (HAICDDS), SMDCS: Synuclein Motor Dysfunction Composite Scale; IADL, Instrumental Activities of Daily Living; MoCA, Montreal Cognitive
Assessment; CASI, Cognitive Abilities Screening Instrument; NPI, Neuropsychiatric Inventory; UPDRS-M, motor subscale of the Unified Parkinson’s Disease Rating Scale;
VH, visual hallucinations;, RBD, REM sleep behavior disorder; DaTabN, abnormal dopamine transporter imaging in 22 ND, 15 AD, and 45 DLB; SBR, striatal background

ratio; APOE4, apolipoprotein E4 allele in 31 ND, 31 AD, and 34 DLB.

Data Analysis

The Chinese version of SPSS for Windows, version 22.0 (IBM,
SPSS Inc., Chicago, IL, United States) was used for statistical
analyses. Comparisons among the three groups (demographic
data, plasma a-synuclein, MDQ, SMDCS, neuropsychological
tests, neuropsychiatric symptoms, and UPDRS Part III) were
performed with one-way ANOVA. Sex, CDR, APOE4 allele, and
clinical features were analyzed using the Chi-square test. The
receiver operating characteristic (ROC) curves analysis of plasma
a-synuclein, MDQ, and SMDCS were compared between DLB
versus non-DLB. Plasma a-synuclein level greater than the cut-
off score was defined as a-syn+ group. Dopamine transporter
imaging, motor, and non-motor features of SMDCS+ group
were compared to SMDCS— group, with odds ratios (OR)
adjusted for age and dementia severity by CDR. All calculated
p-values were two-tailed. Statistical significance was defined as a
p-value of <0.05.

Ethical Consideration

The Committee for Medical Research Ethics of Show Chwan
Memorial Hospital reviewed the study, and the Data Inspectorate
approved it. All participants signed informed consent before
participating in the study.

RESULTS

A total of 121 participants were analyzed in this study, including
59 probable DLB, 31 probable AD, and 31 NC. Comparing the
demographical data of the three groups showed that both DLB
and AD groups had significantly older age, lower education,
higher CDR-SB, lower total CASI score, lower total MoCA score
than NC (all p < 0.001) (Table 1). Compared to the NC and AD
groups, patients with DLB also had significantly higher UPDRS
Part III, SBR, and frequencies of all clinical features, including
fluctuation of cognition, parkinsonism, visual hallucinations and
REM sleep behavior disorder (RBD), and total NPI score (all
p-value < 0.001). APOE4 allele was significantly higher in
patients with AD (58.1%) compared to NC (25.8%) or patients
with DLB (32.4%), with a p-value of 0.022 (Table 1).

Patients with DLB had significantly higher mean plasma
a-synuclein level (0.24 % 0.32 pg/ml) compared to NC
(0.08 £ 0.05 pg/ml) or patients with AD (0.08 = 0.05 pg/ml). The
DLB group also demonstrated higher MDQ score (3.25 + 1.77)
compared to the NC (0.52 & 1.15) and AD (0.48 & 1.06) groups.
The SMDCS scores were divided according to the cut-off score
0f 0.085 pg/ml. Therefore, level 0-0.0424, 0.0425-0.0849, 0.0850-
0.1274,and >0.1275 pg/ml were scored 0, 1, 2, and 3, respectively.

TABLE 2 | Comparison of plasma a-synuclein, HAI-MDQ, and SMDCS among NC (n = 31), AD (n = 31), and DLB (n = 59) patients.

NC AD DLB F/x2 p-Value Post hoc
a-Syn, mean (SD) 0.08 (0.05) 0.08 (0.05) 0.24 (0.32) 7.12 0.001 NC = AD < DLB
HAI-MDQ, mean (SD) 0.52 (1.15) 0.48 (1.06) 3.25(1.77) 53.13 <0.001 NC = AD < DLB
SMDCS, mean (SD) 0.97 (1.17) 0.90 (1.16) 4,73 (1.84) 91.89 <0.001 NC =AD < DLB

n, number of cases; NC, non-demented control; AD, Alzheimer’s Disease; DLB, dementia with Lewy bodies; a-syn, plasma a-synuclein; HAI-MDQ, Motor Dysfunction
Questionnaire in the History-based Artificial Intelligent Clinical Dementia Diagnostic System (HAICDDS);, SMDCS, Synuclein Motor Dysfunction Composite Scale.
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FIGURE 1 | The ROC curves analysis of plasma a-synuclein, MDQ, and SMDCS between DLB versus non-DLB.

The SMDCS revealed a higher total score in patients with DLB
(4.73 + 1.84) compared to that of the NC (0.97 £ 1.17) and AD
(0.90 £ 1.06) groups (Table 2).

Figure 1 demonstrated the ROC curves analysis of plasma
a-synuclein, MDQ, and SMDCS between DLB versus
non-DLB. The plasma a-synuclein level differentiated
patients with DLB from the non-DLB group, with a
cut-off score of >0.085, a sensitivity 0.80, a specificity
0.64, and AUC with 95% CI 0.76 (0.67-0.85). The MDQ
differentiated patients with DLB from those in the non-
DLB group, with a cut-off score of >1, a sensitivity 0.83,
a specificity 0.89, and AUC with 95% CI 0.88 (0.81-0.95).
The SMDCS significantly differentiated patients with DLB
from the non-DLB group, with a cut-off score of >2, a
sensitivity 0.88, a specificity 0.93, and AUC with 95% CI
0.95(0.91-0.99).

Table 3 shows the background characteristics and clinical
DLB features of the SMDCS+ (SMDCS > 2) group compared
to the SMDCS— (SMDCS < 2) group among all patients,
and the OR adjusted for age and dementia severity by CDR-
SB. The comparison of demographical data after adjustment
showed that the SMDCS+ group had significantly higher plasma

a-synuclein level (OR = 20674.16; p < 0.001), higher MDQ
(OR = 5.56; p < 0.001), higher NPI composite score (OR = 1.05;
p = 0.045), higher DaTabN (OR = 6.84; p < 0.001) with lower
SBR (OR = 0.22; p = 0.028), higher UPDRS Part IIT (OR = 1.08;
p =0.002), and lower education (OR = 0.99; p = 0.004). Moreover,
all motor and non-motor DLB features were significantly higher
in the SMDCS+ group (Table 3).

DISCUSSION

For the clinical diagnosis of DLB, this study prospectively
investigated the plasma a-synuclein level (a fluid biomarker)
along with a newly designed MDQ (a clinical assessment). Both
tools demonstrated higher scores in patients with DLB compared
with the non-DLB group. The combination of both diagnostic
tools successfully provided a better discrimination power of the
diagnosis of DLB, from AD or NC. In this study, plasma samples
were collected and assayed with the IMR standardized procedure.
The finding of higher plasma a-synuclein levels in patients with
DLB compared to the non-DLB group was not consistent with a
2011 study by Laske et al. (2011). However, the elevated plasma
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TABLE 3 | Dopamine transporter imaging, motor, and non-motor features of
SMDCS + group (n = 56) compared to SMDCS - group (n = 65), odds ratio (OR)
adjusted for age and dementia severity by CDR.

SMDCS+, n SMDCS—, n OR p
(%) (%)

a-Syn, mean (SD) 0.24 (0.33) 0.09 (0.05) 20,674.16  <0.001
MDQ, mean (SD) 3.31(1.33) 0.23 (0.49) 12.01 <0.001
DaTabN, n (%) 31 (70.5) 8(21.1) 7.65 <0.001
SBR, mean (SD) 1.28 (0.41) 1.64 (0.38) 0.11 0.005
UPDRS-M, mean (SD) 22.8(14.9) 8.2(7.1) 1.12 <0.001
Motor features of DLB

Resting tremor, n (%) 24 (42.9) 4(6.2) 13.43 <0.001
Kinetic tremor, n (%) 31 (65.4) 4(6.2) 28.43 <0.001
Bradykinesia, n (%) 47 (83.9) 6(9.2) 40.48 <0.001
Rigidity, n (%) 42 (75.0) 1(0.0) 170.58 <0.001
Postural instability 42 (75.0) 3(4.6) 42.95 <0.001
Parkinsonism*, n (%) 50 (89.9) 1(1.5) 496.02 <0.001
Non-motor features of DLB

Fluctuation, n (%) 34 (60.7) 10 (15.4) 4.26 0.003
VHs, n (%) 24 (42.9) 8(12.3) 2.92 0.001
RBD, n (%) 32 (57.1) 10 (15.4) 8.07 <0.001

n, number of cases; CDR, Clinical Dementia Rating Scale; OR, odds ratio, a-syn,
plasma a-synuclein; MDQ, Motor Dysfunction Questionnaire in the History-based
Artificial Intelligent Clinical Dementia Diagnostic System (HAICDDS); DaTabN,
abnormal dopamine transporter imaging among 22 ND, 15 AD, and 45 DLB; SBR,
striatal background ratio in dopamine transporter imaging among 22 ND, 15 AD,
and 45 DLB; Parkinsonism*, bradykinesia plus at least one other parkinsonian
motor symptom/sign; UPDRS-M, motor subscale of the Unified Parkinson’s
Disease Rating Scale (UPDRS); Fluctuation, fluctuation of cognition; VHs, visual
hallucinations; RBD, REM sleep behavior disorder; NS, non-significance.

a-synuclein levels concurred with similar studies that used IMR
to differentiate PD from non-PD (Lin et al., 2017, 2020). In Laske’s
study, they measured a-synuclein serum concentrations using a
commercial ELISA kit. Thus, the discrepancy between our study
and Laske’s study is probably due to the different preparation
methods used for the detection of very low concentrations of
a-synuclein in the serum or plasma.

Other important findings in this study also deserved attention.
First, demographical data revealed that the participants with
DLB in this study had significantly greater motor dysfunctions,
including more Parkinsonism and higher UPDRS Part III scores.
Besides, patients with DLB also presented higher non-motor
features including fluctuation of cognition, VH, and RBD. These
findings were compatible with previous studies and the clinical
criteria for the diagnosis of DLB (McKeith et al., 2017). In the
demographic section of the study, we included other biomarkers
which showed higher DaTabN and lower APOE4 allele in patients
with DLB compared to those with AD. These findings are also
consistent with previous studies.

Second, although a fluid biomarker for the diagnosis of
DLB is too novel to become the only indicative or supportive
biomarker, findings in our analysis showing that significantly
increased levels of plasma a-synuclein in patients with DLB
compared to non-DLB patients were evident. This supports
the use of a fluid biomarker for the clinical diagnosis of DLB.
Findings of significantly higher UPDRS Part III scores in the
a-syn + group than in the a-syn - group (18.9 £ 15.7 versus

12.7 £ 14.3; p = 0.028) indicated a good correlation between
motor dysfunctions and UPDRS and the plasma a-synuclein
level. Significantly lower SBR in the a-syn + group than that in
the a-syn - group (1.35 & 0.42 versus 1.55 £ 0.41; p = 0.047),
and a high negative correlation coefficient of plasma a-synuclein
level with SBR (—0.36; p = 0.002) indicated a good correlation of
the plasma a-synuclein level with reduced dopamine transporter
uptake in the striatal areas, which is currently the hallmark of
brain imaging study for the diagnosis of DLB. Further studies on
fluid biomarkers are warranted for clinical applications.

We assumed that the high rates with different manifestations
of Parkinsonian symptoms in the patients with DLB would be
noticed by their caregivers. Hence, we used a simple informant-
based Parkinsonism questionnaire (MDQ) in this study. We
demonstrated that higher MDQ scores (2.95 £ 1.60) among
patients with DLB, and much lower scores in the NC (0.42 4 0.98)
and AD (0.44 £ 0.99) groups. These findings revealed that
using the MDQ much higher characteristic motor symptoms are
observed in patients with DLB compared to non-DLB patients.
This finding is compatible with the results of one of our recently
published articles (Chiu et al., 2021). Findings of significant
higher MDQ in the a-syn + group than in the a-syn - group
(2.2 +2.0versus 1.3 £ 1.9; p = 0.023) indicated a good correlation
between motor dysfunctions as assessed by MDQ and plasma
a-synuclein.

Using either the plasma a-synuclein level (sensitivity: 0.80,
specificity: 0.64, and AUC: 0.76) or the HAI-MDQ (sensitivity:
0.83, specificity: 0.89, and AUC: 0.88) to discriminate DLB from
non-DLB yielded satisfactory results. However, a combination
of both of these tools (SMDCS) further increased the power of
discrimination (sensitivity of 0.88, specificity of 0.93, and AUC
of 0.95). Therefore, we are looking forward to collecting more
data and performing analyses on combined complex clinical data,
fluid biomarkers, and neuroimaging markers, supplemented with
artificial intelligence and machine learning procedures. So that we
can provide a more accurate and efficient diagnostic tool for the
clinical detection of DLB.

Third, the associated factors of positive SMDCS in all
participants in this study had provided the clinical evidence
supporting the value of measuring plasma o-synuclein level
combined with a «clinical questionnaire for the clinical
discrimination of DLB from non-DLB. Findings of much
higher SMDCS total scores in the SMDCS + group (4.7 & 1.8)
than that in the SMDCS - group (0.9 & 1.2) and higher UPDRS
Part IIT scores in the SMDCS + group (22.8 £ 14.9) than
in the SMDCS - group (8.2 £ 7.1) indicated a good positive
correlation of motor dysfunctions between both tools for the
assessment of characteristic Parkinsonism associated with DLB.
The correlation coefficient of SMDCS with UPDRS Part III was
0.63 in the later analysis. In other words, the DLB motor features
are well detected by using a combined scale of both clinical and
biofluid markers. Significantly lower SBR in the SMDCS + group
(1.28 £ 0.41) than that in the SMDCS - group (1.64 £ 0.38),
and a high negative correlation coefficient of SMDCS with SBR
(—0.45) indicated a good correlation of the novel tool with
reducing dopamine transporter uptake in the striatal areas,
which is currently the hallmark of brain imaging study for the
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diagnosis of DLB. Higher rates of the Parkinsonian symptoms
including resting tremor, kinetic tremor, bradykinesia, rigidity,
and instability as well as non-motor DLB features including
DaTabN, RBD, VH, and cognitive fluctuation were found in the
SMDCS+ group revealed that the composite questionnaire for
the clinical detection of DLB was simple, practical, and reliable.

CONCLUSION

In conclusion, our study showed that both the plasma
a-synuclein level and the MDQ score were significantly higher
in patients with DLB compared to the NC and AD groups, with
a fair diagnostic power. The novel SMDCS which combined
both measures is simple and practical. Moreover, the SMDCS
demonstrated satisfactory sensitivity and specificity for the
clinical differentiation of DLB from AD or NC. The diagnostic
value of the novel tool was further confirmed by good correlations
with the DAT study and motor subscores of the UPDRS. This
simple screening tool can be applied at the bedside, as well as
in the clinics, for the screening of motor dysfunctions related to
DLB. This could help non-specialists detect DLB more easily in
healthcare settings without access to neurologists.

The study has some limitations. First, the sample size in
this study was relatively small and included only two hospitals
in central Taiwan. Further research studies with larger sample
populations for further validation of the findings are needed.
Second, the diagnosis of NC, AD, or DLB was based only on
the clinical criteria. However, detailed clinical information and
DAT imaging may help differentiate DLB from NC or AD. In
this study, APOE4 allele was significantly higher in the AD group
compared to the DLB and NC groups. Third, the comparison
of the plasma a-synuclein level among DLB, AD, and ND was
cross-sectional. Therefore, the possible contribution of plasma
a-synuclein to the progression of diseases was not able to be
speculated in this study. The follow-up of a larger cohort with
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APPENDIX
TABLE A1 | Composition of the HAICDDS-Motor Dysfunction Questionnaire (HAI-MDQ).
BERDE NMER? REERETEERES)
Does the patient have the following symptoms? (If uncertain, please answer No.)
Item
MD1 PENFICABAHR, AR S IREERRS? mN- 0g
Does tremor, or shaking, often in hands, arms, or legs, occur when he/she is sitting or standing still? o No o Yes
MD2 SRA, HENFERREEIR, AR IRA SRRt BRI ofg 0g
Does tremor, or shaking, often in hands, arms, or legs, occur when he/she is reaching something, holding position, or talking? o No o Yes
MD3 ENERSIEIR, NHEELSHEIEE, MR BEHRARERHRIIS oxg 0g
Does movement become slower when he/she try to move from a resting position, and also decreases facial expression? o No o Yes
MD4 ENFRISER, FHEHNAEZTIRS, ERSRE)\SESRIIER? oxg 0g
Does limited angle or stiff movement occur during moving, the steps become smaller and the posture become stooped? o No o Yes
MD5 EIFEMEATR, BT, BRMEFHREREERENRES? Sl 8- 0g
Does balance or posture problems occur during walking and cause frequent falls? o No o Yes
MD6 EH_LIASLEEER, BIFRARHER R R RE? mRN- 0g
Did he/she fall often at the beginning if he/she has these motor dysfunctions mentioned above? o No o Yes
MD7 IR EREEEK, EREINBIEY, SEE 25 oxg 0g
Does the speech reduce pitch range (monotone) and volume (hypophonia)? o No o Yes
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Background: Since many of the risk factors for cognitive decline can be modified
by diet, the study of nutrition and its relationships with cognitive status in aging has
increased considerably in recent years. However, there are hardly any studies that have
assessed cognitive status using a comprehensive set of neuropsychological tests along
with measures of functional capacity and mood and that have related it to nutritional
status measured from several nutritional parameters that have shown its relationships
with cognitive function.

Objective: To test the differences in depressive symptomatology and in several
measures of nutritional status between three groups classified according to their
cognitive status (CS hereafter).

Method: One hundred thirteen participants from nursing homes in Galicia, Spain,
underwent a comprehensive neuropsychological examination, including a general
screening test (MMSE) and tests for different cognitive domains along with measures
of activities of daily living (ADL) and assessment of depressive symptomatology (GDS-
SF). According to established clinical criteria, participants were divided into three CS
groups, Cognitively Intact (Cl), Mild Cognitive Impairment (MCI), and All-Cause Dementia
(ACD). Nutritional status was also examined using blood-derived measures, body
mass index (BMI) and a nutritional screening test (MNA-SF). Differences between CS
groups in all nutritional variables were studied by one-way ANOVAs with post-hoc
Bonferroni correction or Kruskal-Wallis with Games-Howell post-hoc correction when
appropriate. Multinomial logistic regression was also applied to test the association
between nutritional variables and CS.
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Results: Differences between CS groups were statistically significant for depressive
symptomatology, vitamin A and D, albumin, selenium (Se), uric acid (UA), and BMI. The
results of multinomial logistic regression found positive associations between groups
with better CS and higher concentrations of vitamins A and D, transthyretin (TTR),
albumin, Se, and UA, while negative associations were found for BMI.

Conclusion: Higher serum levels of vitamin A, vitamin D, TTR, albumin, Se, and UA
could act as protective factors against cognitive decline, whereas higher BMI could act

as a risk factor.

Keywords: cognitive status, mild cognitive impairment (MCI), dementia, nutritional status, nutritional markers,
blood biomarkers, nursing homes, aging

INTRODUCTION

Demographic trends indicate that population is aging (Klimova
and Vali§, 2018). In this context, there is an increase in health
problems or conditions whose main risk factor is advanced age,
including cognitive impairment (Power et al., 2019). The lack of
effective treatments for cognitive impairment makes preventive
strategies a public priority to preserve health and quality of
life in advanced stages of life (Dye et al, 2017; Ma et al,
2017) and reduce the economic cost in public health resources
(Miquel et al., 2018).

The aging process involves changes in cognitive functions
associated with advancing age and genetic factors, as well
as lifestyle-related variables. Therefore, assessment of the
relationships between modifiable lifestyle factors, such as diet,
and nutritional status and cognitive status (CS hereafter), is
important to characterize nutritional patterns that may have
a neuroprotective role, and thus aid in the prevention of
cognitive decline.

It has been suggested that individuals at risk for cognitive
decline may be identified by combinations of biological markers
(Nettiksimmons et al., 2015). Blood-derived measures, compared
to other commonly used methods to predict cognitive decline
such as magnetic resonance imaging (MRI), fluorodeoxyglucose-
Positron emission tomography (PET), cerebrospinal fluid (CSF),
or protein levels from lumbar puncture, are less expensive and
more familiar to patients and potential research participants
(Nettiksimmons et al., 2015).

Taking the previous into account, the aim of this study was
to look for nutritional indicators, mostly from blood-derived
measures, that differ among groups classified according to their
CS. This may help to identify markers that precede cognitive
decline or that can identify individuals at risk for cognitive
decline and dementia.

The study of nutrition and its relationship to cognitive
function and dementia has increased in recent years. Yet, to
our knowledge, there is a lack of studies that have assessed
cognitive status using a comprehensive set of neuropsychological
tests along with measures of activities of daily living (ADL) and
assessment of affective state, and that have related it to nutritional
status measured from blood-derived measures, anthropometric
measures, and a nutritional status screening test combined.

The relationships between blood-derived measures and
cognitive function have been widely studied for some biochemical
variables and micronutrients, while others remain almost
unstudied. The group of vitamins is among the micronutrients
that have received most attention and accumulates more evidence
on its relationships with cognitive function. For this group, the
most studied has been vitamin D because of its neuroprotective,
anti-inflammatory, and antioxidant effects (Sultan et al., 2020).
Results on vitamin D and cognitive function suggest that its main
circulating form, 25-hydroxyvitamin D (25-OH vitamin D), is
closely associated to cognitive function and that may play an
important role against cognitive decline (Kalueff and Tuohimaa,
2007; Buell and Dawson-Hughes, 2008; Seamans et al.,, 2010;
Schlogl and Holick, 2014; Toffanello et al., 2014; Wilson et al.,
2014; Jorde et al., 2015; Kueider et al., 2016; Goodwill et al.,
2018; Duchaine et al., 2020; reviews in Dickens et al., 2011; Van
der Schaft et al., 2013; Goodwill and Szoeke, 2017; Chai et al.,
2019; Sultan et al., 2020). Serum folate and serum vitamin B12
levels have also been related to cognitive decline and dementia,
although findings are inconclusive (Elias et al., 2006; Kang et al.,
2006; Michelakos et al., 2013; Moore et al., 2014; Rabensteiner
et al., 2020; for a review see Rosenberg, 2008; O’Leary et al.,
2012). One of the less studied vitamins in this context is vitamin
A, and its derived factors such as retinoids. In recent years,
there has been an increasing number of studies, mainly in
animal models, linking retinoids to the etiology of Alzheimer’s
Disease (AD) (Goodman and Pardee, 2003; Goodman, 2006;
Malaspina and Michael-Titus, 2008; Carratu et al., 2015). Some
authors even propose that retinoic acid may have therapeutic
properties for the treatment of neurodegenerative diseases such
as AD (Lee et al., 2009) given their role in the modulation of
neurogenesis, neuronal survival and synaptic plasticity (Olson
and Mello, 2010). Nevertheless, to our knowledge studies testing
relationships between this vitamin and cognitive function in
aging are lacking.

Aging is also associated with increased levels of circulating
cytokines and proinflammatory markers (Lim et al, 2013;
Michaud et al., 2013) such as interleukins, Tumor Necrosis
Factor-a (TNF-a), and C-Reactive Protein (CRP). This group
of biochemical parameters is receiving increasing attention as
inflammation may affect the central nervous system modulating
cognitive function and mediating in cognitive impairment
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(Ray et al., 2007; McAfoose and Baune, 2009; Gorelick, 2010;
Ownby, 2010; O’Bryant et al., 2010; Valls-Pedret et al., 2012;
Koyama et al., 2013; Lim et al, 2013; Michaud et al., 2013;
Petersen et al., 2020).

There is also evidence for relationships between cognitive
changes in aging and other blood-derived measures, although
supported by fewer studies. Thus, serum visceral proteins, such as
prealbumin or transthyretin (TTR) and albumin, have been both
considered markers of nutritional status (Smith, 2017; Keller,
2019) and cognitive function (Onem et al., 2010; Velayudhan
et al., 2012; Nettiksimmons et al., 2015; Araghi et al., 2021).
Although selenium (Se) is known to play an antioxidant role
as it is the main constituent of antioxidant enzymes that are
expressed in different tissues, including the brain (Cardoso et al.,
2014), there are few studies on the relationship between Se
concentrations and CS or cognitive impairment (Cardoso et al,,
2010, 2014; Berr et al., 2012; for a review see Smorgon et al.,
2004). Another natural antioxidant compound with beneficial
properties is uric acid (UA) (Tuven et al., 2017; for a review
see Tana et al, 2018). However, UA may also act as a pro-
inflammatory compound and there still exists discussion on
its oxidant-antioxidant properties (Sautin and Johnson, 2008).
UA levels have been associated with cognitive performance
(Annanmaki et al., 2008), MCI (Rinaldi et al., 2003; Pellecchia
et al., 2016), different types of dementia (Rinaldi et al., 2003;
Kim et al,, 2006; Schlesinger and Schlesinger, 2008; Ruggiero
et al., 2009; Al-Khateeb et al., 2015; Wen et al., 2017; Xu et al,,
2017; Latourte et al., 2018; Serdarevic et al., 2020; Boccardi
et al,, 2021) and risk of dementia (Gonzilez-Aramburu et al.,
2014; for a review see Schlesinger and Schlesinger, 2008; for a
meta-analysis see Khan et al., 2016; Zhou et al., 2021). Other
micronutrients or blood biochemistry variables that have been
related to CS although studies are more scarce, are serum iron,
ferritin, and transferrin (Umur et al., 2011; Yavuz et al., 2012),
total cholesterol (TC), High Density Lipoprotein Cholesterol
(HDL-C), Low Density Lipoprotein Cholesterol (LDL-C) (Van
Exel et al., 2002; Van Vliet, 2012; Crichton et al., 2014; Lv et al,,
2016; Ma et al., 2017), zinc (Cuajungco and Fagét, 2003; Lam
etal., 2008; Nuttall and Oteiza, 2014), Mean Corpuscular Volume
(MCV) (Gamaldo et al., 2013), calcium (Schram et al., 2007),
insulin (Stolk et al., 1997), gamma-glutamyl transferase (GGT)
(Lee et al, 2020; Tang et al., 2021), alanine aminotransferase
(ALT) (Nho et al, 2019), and glucose (Korol and Gold, 1998;
Seetharaman et al., 2015).

The study of the relationships between cognitive and
nutritional status should also consider anthropometric indexes
of obesity, such as Body Mass Index (BMI). Although the
relationships between obesity and cognitive function have
been widely studied the findings from previous studies are
inconclusive (for a meta-analysis see Danat et al., 2019). Obesity
has also been linked to depression (Noh et al., 2015). The evidence
from epidemiological and clinical trials suggest a bidirectional
connection between overweight and psychological health (for
a review see Luppino et al, 2010). Given that obesity is a
prevalent condition at older ages, and that the study of the
relationships between BMI and CS has led to discrepant results,
BMI measurement was also included in the present study.

Relationships between cognitive impairment or dementia and
depressive symptoms have also been the subject of previous
research studies. Depressive symptoms have been related to
lower cognitive performance (Ganguli et al., 2006; Godin et al.,
2007) and some authors even suggest that depression may
be a risk factor for the development of cognitive impairment
(Van Den Kommer et al., 2013). However, a meta-analysis by
Huang et al. (2011) suggests that dementia may be also a risk
factor for depression. Taking the above into account, depressive
symptomatology was also assessed in the present study.

In summary, although the relationships between cognitive
function and nutritional status are increasingly studied, few
studies have included a set of neuropsychological tests to assess
the main cognitive domains, measures of functional capacity and
affective symptomatology. Moreover, to our knowledge, there
are hardly any studies that have examined these relationships
by establishing a clinical diagnosis of CS in different groups
classified according to the severity of their cognitive impairment
and limitations in ADLs, based on recognized criteria and
that have combined it with blood biochemical variables and
anthropometric and nutritional measures. Therefore, in the
present study the main objective was to examine the differences
between three groups classified according to their CS in the
presence of depressive symptomatology, and in several measures
of nutritional status: blood markers, BMI, and the Mini
Nutritional Assessment-Short Form (MNA-SF).

MATERIALS AND METHODS

Participants

One hundred ninety-six participants were recruited from 11
public nursery homes from Galicia, Spain. From the original
sample, 113 participants from 63 to 97 years were finally
included in this study (mean age 83.1 £ 6.2, 62.8% women).
The 113 enrolled participants had a complete dataset at the time
of data analysis including sociodemographic characteristics,
neuropsychological testing, functional capacity, depressive
symptoms assessment, blood biomarkers, anthropometric
measures, and nutritional assessment. The interval between
cognitive and nutritional assessments was less than 6 months for
all participants. Exclusion criteria included previous dementia
diagnosis, acquired brain damage, current chemotherapy
or radiation therapy, and/or an inability to complete the
neuropsychological tests due to significant sensory difficulties
such as visual and/or hearing impairments not adequately
corrected. All the procedures were approved by the Central Ethics
and Research Committee of Galicia Autonomous Community
(2017/542), and the study was performed in accordance with
the ethical standards established in the Declaration of Helsinki.
Written consent was obtained from each participant.

Cognitive Status Assessment
Neuropsychological testing was carried out along with ADL
assessment and depressive symptomatology examination by the
same clinical neuropsychologist. The tests applied were selected
to minimize the effects of education and socioeconomic level.
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Neuropsychological Examination

A neuropsychological battery composed by tests designed
to measure global cognitive function, and specific cognitive
domains (attention, learning, memory, visuoconstructive ability,
processing speed, and executive function) was applied as follows.
The Mini-Mental State Examination (MMSE, Folstein et al.,
1975) was used to evaluate global cognitive function. Attention
was assessed using Digits subtest (digits forward) of the Wechsler
Adult Intelligence Scale (WAIS-IV) (Wechsler, 2008), and Color
Trail Test (CTT) (D’Elia et al., 1996) first form. To assess
learning and verbal memory processes the administered test was
the Rey Auditory Verbal Learning Test (RAVLT, Rey, 1964),
and to measure visual immediate memory, the Rey-Osterrieth
Complex Figure (ROCEF, Rey, 1941) was administered. Working
memory was evaluated using digits backward and sequencing of
the Digits Subtest (WAIS-IV, Wechsler, 2008). Visuoperceptive
and visuoconstructive skills were evaluated with the copy assay of
ROCEF. Processing speed was evaluated using the Symbol Search
and Coding subtest, along with the processing speed index of
the WAIS-IV (Wechsler, 2008). Executive function was measured
with a phonetic fluency measure using the PMR (Artiola et al.,
1999) which was chosen instead of FAS (Borkowski et al., 1967)
because these letters are more appropriate for Spanish vocabulary
(Artiola et al., 1999), the Five Digits Test (Sedo, 2007) and CTT
second form (D’Elia et al., 1996).

Basic and Instrumental Activities of Daily Living
Barthel Index was used to determine participants capacity in
basic activities of daily living (BADL, Mahoney and Barthel,
1965). Instrumental activities of daily living (IADL) were assessed
using an adaptation of the Lawton and Brody index (Lawton and
Brody, 1969), including items for institutionalized participants
(i.e., ability to use telephone, shopping, ability to handle finances,
public transportation, and nursing home and health services use).

Based on the results obtained from the neuropsychological
examination and the performance in ADL, participants were
divided in three different CS groups, Cognitively Intact (CI),
Mild Cognitive Impairment (MCI), and All Cause Dementia
(ACD). This classification was performed by a qualified
neuropsychologist following established criteria (see Table 1)
drawn from the Spanish Neurology Society (SEN; Robles et al.,
2002), the Working Group from the National Institute on Aging
and Alzheimer’s Association (NIA-AA; McKhann et al., 2011;
Croisile et al., 2012), the Diagnostic and Statistical Manual of
Mental Disorders-Fifth Edition (DSM-V; American Psychiatric
Association, 2013) and the International Working Group on Mild
Cognitive Impairment (Winblad et al., 2004).

Depressive Symptomatology Evaluation

To evaluate the existence of depressive symptoms the short form
of the Geriatric Depression Scale (GDS-SE, Sheikh and Yesavage,
1986) was administered to each participant (see Table 2).

Nutritional Screening

Blood Collection and Analyses

Blood samples were drawn from the antecubital vein between
08:00 and 09:30 h after an overnight fast and rest. Blood

samples were taken from all study participants in the following
types of tubes: EDTA K2 for hemogram and blood bank,
separator Gel for clinical chemistry determinations, and Silica,
for determination of trace elements. The samples were protected
from sunlight and refrigerated. The serum and plasma were
separated and cryopreserved at —-80°C until the analysis was
conducted. Routine blood tests were analyzed at the Central
Laboratories of the University Clinical Hospital of Santiago
de Compostela. Biochemical, hematological basic and advanced
determinations of inflammatory parameters, oxidative stress
and bone health analytical procedures were performed with
instrumentation and reagents from Siemens Healthineers, and
selenium was determined by Inductively Coupled Plasma-
Mass Spectrometry from Agilent Technologies, according
to the manufacturer’s recommendations. Serum 25(OH)D
concentrations were quantified using a direct competitive
chemiluminescence immunoassay by the LIAISON method.
Insulin resistance (IR) was calculated by Homeostatic Model
Assessment of IR (HOMA-IR). The normal ranges for the
biochemistry variables used are those established by the Galician
Public Health Service, reviewed in this case by specialist
physicians (see Table 3).

Anthropometric Measures

Body weight and height were measured using properly calibrated
scales and a height rod or tape measure, correspondingly.
Wheelchair weighing scales were used for measuring the weight
for participants unable to stand, as measurement of forearm
length or from measurement between knee and heel following
the criteria from The “Must” Explanatory Booklet (Malnutrition
Advisory Group [MAG], 2003). BMI was calculated for every
participant, following the World Health Organization (WHO)
criteria (WHO, 2021).

Nutritional Assessment

The Mini Nutritional Assessment-Short Form (MNA-SF;
Rubenstein et al., 2001) is a screening tool to help identifying
elderly participants who are malnourished or at risk of
malnutrition. This instrument has been validated by Kaiser et al.
(2009) and was administered to all participants.

Statistical Analyses

To test for possible sex differences between the CS groups
(CI, MCI, and ACD) a Chi-Square test was run. Differences in
age, years of education, depressive symptoms, and nutritional
variables were tested by one-way ANOVAs with Bonferroni post-
hoc correction for pairwise multiple comparisons. For ANOVA
analyses, the assumption of homogeneity of variances was tested
by Levenne’s statistic and normality by the Kolmogorov-Smirnov
test for all variables. For variables that did not meet one or both
assumptions, the corresponding non-parametric Kruskal-Wallis
test was applied to explore differences between groups and the
Games-Howell test for pairwise comparisons.

Multinomial logistic regression was used to predict the
probability of belonging to the CS group as the dependent
variable, on the different variables of nutritional status considered
as continuous. The reference group was ACD, and the results are
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TABLE 1 | Diagnostic criteria (differential: column 1; common: columns 2-5) to classify participants according to their cognitive status.

Diagnostic criteria
for MCI

Cognitive deficits do not
interfere with BADL and
IADL

Cognitive deficits are not
attributable to delusions,
psychiatric disorders and/or
active medication

Diagnostic criteria
for ACD

Cognitive deficits do
interfere with the ADL

Cognitive impairment is
detected and diagnosed by
a combination of the
participant’s medical history
and neuropsychological
assessment

There is impairment in at
least two of the following
cognitive domains
assessed: attention,
learning and memory,
information processing
speed, executive functions,
and visuoperceptive and
visuoconstructive abilities

A cognitive domain is
considered impaired when
the scores obtained in at
least one of the tests used
to assess a cognitive
domain are below 2SD of
the mean of a population of
similar age and education

MCI, Mild Cognitive Impairment; ACD, All Cause Dementia; BADL, Basic Activities of Daily Living; IADL, Instrumental Activities of Daily Living; ADL, Activities of Daily Living;

SD, standard deviation.

TABLE 2 | Sample demographic characteristics.

Variables and measurement units Total sample N =113 Cln=32 MCln =49 ACDn =32
Age, years (M £SD) 83.09 £6.21 82.15 £5.04 83.95 £6.58 82.71 £6.67
Sex

Female (n) 71 18 32 21
Male (n) 42 14 17 11
Education, years (M +SD) 6.79 £3.45 8.84 +3.90 6.32 +2.99 5.46 £2.74
GDS-SF

No symptoms (n) 50 18 23

Light (n) 50 13 20 17
Moderate (n) 10 1 6 4
Severe (n) 3 2

SD, Standard Deviation; Cl, Cognitively Intact; MCI, Mild Cognitive Impairment; ACD, All Cause Dementia; GDS-SF, Geriatric Depression Scale-Short Form.

expressed as Odds Ratios (OR) (see Table 4). For these statistical
analyses, blood biochemical variables that have been shown to
be associated with cognitive functions in previous literature were
selected. These included blood count parameters, lipid profile,
glycemic profile, protein profile, liver profile, vitamins, minerals,
and inflammatory factors (see Table 3). P-values < 0.05 were
considered significant. Statistical analyses were performed with
SPSS software (version 25, SPSS, Inc., Chicago, IL, United States).

RESULTS

Demographic characteristics, and descriptive statistics for
depressive symptoms and nutritional variables are summarized in
Tables 2, 3 using means and standard deviations for continuous
variables or frequencies for categorical variables. According to the
diagnostic criteria (Table 1), 28.3% participants were classified as
CI, 43.4% as MCI and 28.3% as ACD. There were no significant
differences in age [F(2, 112) = 0.89, p = 0.41] or sex (xz,p =0.66)
between groups. However, differences in education years were
significant [F(2, 112) = 9.74, p < 0.001], with participants in
CI group having more years of schooling compared to MCI
(p < 0.002) and ACD (p < 0.001). Differences in depressive
symptoms were also statistically significant [F(, 112) = 6.04,
p < 0.005], with greater presence of symptomatology in the
ACD group compared to CI group (p < 0.005) (see Figure 1).

According to the data obtained from the MNA-SE, 81.2% of
the total sample was classified as having normal nutritional
status (see Table 3). ANOVAs and multinomial logistic regression
results (see Table 4) that have reached statistical significance are
presented in the following sections.

Vitamins

Analysis of variance showed significant differences between the
groups in serum vitamin A concentrations [F(; 112) = 6.65,
p < 0.005] and post hoc pairwise comparisons confirmed those
differences between CI and ACD groups (p < 0.001). The
assumption of homogeneity of variances was met, although the
variable vitamin A was not normally distributed according to
the results of the Kolmogorov-Smirnov test [F(5, 112) = 0.11,
p < 0.005]. Kruskal-Wallis test was administered as the
corresponding non-parametric technique [H, 112) = 11.94,
p < 0.005] confirming the results found by the ANOVA
analysis. Regression results (Table 4) showed that higher levels
of serum vitamin A were positively associated with greater
odds of belonging to CI or MCI groups with respect to
the reference group (ACD). The serum 25-OH vitamin D
concentrations also differed significantly across groups [F(s,
112) = 3.12, p < 0.05]. Post hoc pairwise comparisons supported
those differences between the MCI and ACD groups (p < 0.05)
and indicated that MCI participants had higher levels of this
vitamin than ACD participants, with no differences between CI
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TABLE 3 | Descriptive statistics (M £SD) for blood biomarkers, BMI, and MNA-SF scores.

Nutritional variables Normal values and Total sample Cln=32 MCln =49 ACDn =32
measurement units N =113
Vitamin A-Retinol 30-80, pg/dL 55.97 +£19.86 63.56 +18.94 57.18 £20.96 46.53 +15.25
25-0OH Vitamin D 30-150, ng/mL 14.04 £9.76 14.21 £9.17 16.12 +£11.22 10.68 £76.80
TTR 15-36, mg/dL 24.77 £5.84 26.12 £6.94 25.22 +£5.30 22.75 £5.03
Albumin 4-5.2, g/dL 4.22 +0.26 420 +0.24 429 +0.19 415+ 0.34
Se <151, mcg/L 89.62 +£18.90 86.25 +14.16 96.75 +£19.77 82.09 +18.29
UA 2.4-7, mg/dL 5.97 +£1.69 6.28 +£1.46 6.18 £1.77 5.33+1.67
Vitamin B12-Cobalamin 180-1,900, pg/mL 446.98 +£237.37 425.25 £147.41 471.91 £244.93 430.53 £295.28
Folate 2.7-17, ng/mL 8.45 +9.89 7.30 £5.54 7.62 £3.49 10.85 £17.20
TNF 0-8.1, pg/mL 21.66 £19.91 16.77 £10.43 24.76 £25.42 21.79 +16.84
hs-CRP 0.1-0.3, mg/dL 0.71 £1.39 0.99 £2.21 0.64 +£0.99 0.53 £ 0.66
IL-1 <5, pg/mL 6.74 £6.10 6.23 +£4.21 7.33 £7.54 6.35 £5.23
IL-6 0-5, pg/mL 10.50 £8.65 11.56 £10.84 10.51 £9.13 9.40 +4.62
Magnesium 1.7-2.2 mg/dL 2.05 £0.25 2.04 £0.30 2.07 £0.28 2.01 £0.21
Zinc 65-140, pg/dL 97.12 +18.45 97.62 £12.93 97.93 £20.19 95.37 +£20.66
Iron 60-170, pg/dL 73.14 £26.49 74.06 £29.56 74.34 £24.80 70.37 £26.41
Ferritin Total sample Men 12-300, ng/mL 100.72 +£20.68 124.31 £133.58 82.67 £91.71 104.78 +£143.69
Women 12-150, ng/mL 136.69 +£160.55 163.43 £56.34 97.76 £77.18 162.81 £213.81
79.45 £83.49 93.89 +£188.34 74.66 +£98.78 74.38 £79.51
Creatinine 0.4-1.3, mg/dL 1.01 £ 0.45 1.11+£0.53 0.99 + 0.31 0.93 £+ 0.51
Urea 13-50, mg/dL 59.19 +£30.63 62.18 +£34.08 61.91 £29.28 52.03 +£28.76
AST/GOT 10-40, UI/L 22.01 £6.12 21.74 £5.79 21.95 £6.90 22.34 £5.27
ALT/GPT 3-41, Ul/L 19.83 £8.60 19.43 +£6.87 21.28 £10.34 18.00 £6.90
GGT 8-73, Ul/L 37.00 +43.93 40.00 +£52.10 32.95 +£36.27 40.18 +46.64
Hemoglobin 13.5-17.5, g/dL 13.09 £1.57 12.97 £1.75 13.39 +1.50 12.75 £1.44
MCV 83-102, fl 91.10 £5.73 91.14 £7.25 91.67 £4.76 90.19 +5.46
MCH 27-31, pg 30.30 +£2.14 30.45 +£2.56 30.41 +£1.84 29.99 +£2.15
TC 120-255, mg/dL 172.01 £39.32 171.81 £40.53 175.20 £38.23 167.31Q +£40.49
LDL-C 55-125, mg/dL 102.39 £33.49 103.40 £35.75 104.26 +£31.51 98.50 +34.83
HDL-C 34-91, mg/dL 46.68 +12.65 4521 £12.93 46.30 +£12.67 48.53 +£12.51
TG 27-150, mg/dL 115.04 +£48.99 116.31 £51.75 123.24 +£51.45 101.21 £39.88
TP 6.4-8.5, g/dL 6.85 + 0.46 6.78 +£ 0.46 6.92 + 0.47 6.83 +£0.44
Glucose 74-105, mg/dL 95.70 +£23.82 92.19 +£20.13 100.51 +28.86 91.84 £17.03
Insulin 2-15, mUl/L 11.39 £9.63 10.07 £7.42 10.48 +£7.48 14.09 £13.50
Platelets 135-369, x103/pL 216.42 £78.42 215.28 £73.46 208.91 £62.91 229.06 £102.16
Inorganic phosphate 2.5-4.5, mg/dL 3.37 £ 0.48 3.39 £ 0.53 3.37 + 0.41 3.35 £ 0.52
BMI Kg/m? 29.70 £5.10 29.32 £5.43 28.58 +4.51 31.78 £5.15
BMI, group (n)
Underweight <18.5, Kg/m? 1 6 11 1
Normal weight Pre-obesity 18.5-24.9, Kg/m? 25.29.9, Kg/m? 1940 1313 2018 27
Obesity >30, Kg/m? 53 22
MNA-SF, total score 0-14 points 12.71 £1.89 12.81 £2.00 12.91+:1.77 12.31£1.95
MNA-SF, group (n)
Normal nutritional status 12-14 points 91 28 40 23
At risk of malnutrition 8-11points 17 2 7 8
Possible malnutrition 0-7 points 4 2 1 1

25-OH vitamin D, 25-hydroxyvitamin D; TTR, transthyretin; Se, selenium; UA, Uric Acid; TNF, Tumor Necrosis Factor; hs-CRF, high sensitivity C-Reactive protein; IL-
1, Interleukin 1beta; IL-6, Interleukin 6; AST/GOT, Aspartate Aminotransferase; ALT/GPT, Alanine aminotransferase; GGT, Gamma-glutamyl! transferase;, MCV; Mean
Corpuscular Volume; MCH, Mean Corpuscular Hemoglobin; TC, Total cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density Lipoprotein

Cholesterol; TG, Triglycerides; TR, Total Proteins; BMI, Body Mass Index; MNA-SF, Mini Nutritional Assessment Short Form.

and MCI groups. The assumption of homogeneity of variances
was met, although the variable vitamin D was also not normally
distributed according to the results of the Kolmogorov-Smirnov
test [F(2, 1129 = 0.21, p < 0.001]. The Kruskal-Wallis test
[H(2, 112) = 9.52, p < 0.05] confirmed the results found by the
ANOVA analysis. Higher blood vitamin D levels were positively
related to higher odds of belonging to MCI compared to ACD,
according to regression results. The results for the CI group were
not statistically significant.

Proteins

There were no significant variations in serum TTR
concentrations across groups, according to ANOVA. The
hypothesis of homogeneity of variances and the assumption of
normality were satisfied. No significant differences were detected
in pairwise comparisons either. According to the regression
results (Table 4), higher levels of serum TTR were positively
associated with a higher likelihood of belonging to the CI group
with respect to ACD. The results for the MCI group did not
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TABLE 4 | Multinomial logistic regression results.

Cognitively intact (Cl)

Mild cognitive impairment (MCI)

OR (95%Cl) Wald test P-value OR (95%Cl) Wald test P-value
Vitamin A 1.05 (1.02, 1.09) 10.84 0.001 1.04 (1.01, 1.07) 6.32 0.01
Vitamin D 1.06 (0.99, 1.15) 2.95 0.09 1.08 (1.01, 1.16) 5.34 0.05
TTR 1.11(1.01, 1.22) 517 0.05 1.08 (0.99, 1.18) 3.62 0.06
Albumin 2.01(0.32,12.72) 0.55 0.46 9.75 (1.55, 61.43) 5.88 0.01
Se 1.02 (0.98, 1.05) 1.13 0.29 1.06 (1.02, 1.09) 11.27 0.001
SUA 1.46 (1.05, 2.02) 5.08 0.05 1.41 (1.04, 1.90) 5.08 0.05
BMI 0.90 (0.82, 1.00) 3.72 0.05 0.88 (0.80, 0.96) 717 0.01

OR, odds ratio; d.f. = 1. Reference category, All Cause Dementia (ACD).

reach statistical significance (Table 4). ANOVA analyses revealed
significant differences in serum albumin concentrations across
CS groups [F(2, 112) = 3.43, p < 0.05], and post hoc pairwise
comparisons between MCI and ACD groups corroborated
those differences (p < 0.05). The assumption of homogeneity
of variances was not met, so Games-Howell as robust technique
of equality of means was also applied to confirm the results,
although no significant differences were found between the
groups. The variable albumin was not either normally distributed
according to the results of the Kolmogorov-Smirnov test [F(,
112) = 0.13, p < 0.001]. Kruskal-Wallis test was administered as
the corresponding non-parametric technique [H, 112) = 7.39,
p < 0.05] confirming the results found by the ANOVA analysis.
Higher serum albumin concentrations were positively associated
with greater odds of belonging to the MCI group with respect
to ACD group, according to regression results. Statistical
significance was not reached in the results for the CI group.

Antioxidants

Significant differences between the groups in serum Se
concentrations were found [F(» 112y = 7.23, p < 0.001] and
post hoc pairwise comparisons confirmed those differences
between CI and MCI groups (p < 0.05) and between MCI
and ACD groups (p < 0.001). The hypothesis of homogeneity
of variances and the assumption of normality were satisfied.
Regression results showed that higher serum Se concentrations
were positively associated with increased odds of belonging to
MCI group with respect to ACD group (Table 4). Additionally,
ANOVA showed significant differences between CS groups in
serum UA concentrations [F(2, 112) = 3.33, p < 0.05]. Post hoc
pairwise comparisons did not reach statistical significance. The
assumption of homogeneity of variances was met, although
UA was not normally distributed according to the results of
the Kolmogorov-Smirnov test [F; 112y = 0.09, p < 0.05].
Kruskal-Wallis test was administered [H 2, 112) = 6.09, p < 0.05]
confirming the results found by the ANOVA analysis. Also,
higher levels of serum UA were positively associated with greater
odds of belonging to the CI and MCI groups with respect to the
ACD group according to regression results.

Body Mass Index
Significant differences in BMI between CS groups were found in
ANOVA analyses [F(3, 112) = 4.12, p < 0.05] and post hoc pairwise

comparisons confirmed those differences between MCI and ACD
groups (p < 0.05). The hypothesis of homogeneity of variances
and the assumption of normality were satisfied. Regression results
showed that higher levels of BMI were negatively associated with
greater odds of belonging to MCI group with respect to the
reference group (see Table 4). The results for the CI group did not
reach statistical significance. However, it is worth highlighting
that the mean BMI for the groups with better CS (CI and MCI)
was in the overweight range, while the mean BMI for the most
cognitively impaired group (ACD) was in the obese range (see
Table 3).

DISCUSSION

Because nutritional status could be considered as a potential
marker for cognitive decline and a target in the search for
preventive strategies to delay the onset or progression of cognitive
impairment, in the current study, we examined the differences
in nutritional status, assessed by blood markers, BMI and
the MNA-SF nutritional screening test, across three groups
of institutionalized older participants classified according to
their CS. Additionally, the possible differences in depressive
symptomatology between CS groups were also examined.

Significant differences between CS groups were found for
concentrations of vitamin A, vitamin D, albumin, Se, UA,
and BMI. Moreover, better CS was associated with higher
concentrations of vitamins A and D, TTR, albumin, Se and
UA, while worse CS was associated with higher BMI. Finally,
depressive symptomatology was greater in the ACD group
compared to CI group.

In the following sections we will discuss our results in
the context of previous literature. For a smoother reading the
cognitive assessment and/or the diagnostic criteria applied by the
studies included in the discussion are indicated in Table 5.

Vitamins

In the present study higher levels of vitamin A were associated
with better CS and with greater odds of belonging to the
CI and MCI groups compared with ACD group. Very little
has been found in the previous literature on vitamin A
concentrations and cognitive function in aging. Significant
reductions in serum vitamin A levels were found in participants
with dementia (Raszewski et al., 2016) and in AD patients
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TABLE 5 | Cognitive assessment or diagnostic criteria applied by the studies included in the discussion section.

References Cognitive assessment and/or diagnostic criteria

Al-Khateeb Cognitive testing: MMSE.

et al. (2015) AD diagnosis: NINCDS-ADRDA criteria.

Annanmaki Cognitive testing: MMSE, the Information and Similarities subtests of the WAIS-R, the Picture completion and Block design subtests of
et al. (2008) the WAIS-R, the Digit span and Digit symbol subtests of the WAIS-R, the Logical memory subtest of the WMS-R, the Word list subtest

Annweiler et al.

(20108)

Annweiler et al.

(2012)

Araghi et al.
(2021)

Boccardi et al.
(2021)

Bourdel-
Marchasson

et al. (2001)
Duchaine et al.
(2020)

Feart et al.
(2017)

Gonzalez-

Aramburu et al.

(2014)

Granic et al.
(2015)

Han et al.
(2011)
Jorde et al.
(2015)

Kim et al.
(2006)
Koch et al.
(2021)

Latourte et al.
(2018)

Licher et al.
(2017)

of the WMS-III, the Visual reproduction subtest of the WMS-R, and the Trail making and Rule shift cards tests from the Behavioral
Assessment of the Dysexecutive Syndrome. Also, verbal fluency was assessed with asking the subject to list as many animals in a
minute as they could and then words that begin with the letter K. Computerized tasks included Simple Reaction Time, two-choice
Reaction Time and 10-choice Reaction Time.

Cognitive testing: SPMSQ.
Cognitive impairment was defined as a score less than 8 in the SPMSQ.

MCI diagnosis: the International Working Group on Mild Cognitive Impairment criteria.

Cognitive testing: 20-word list for recall, the Alice Heim 4-I test, and verbal fluency assessed via the “S” words and semantic fluency via
“animal” words tests.

Dementia ascertainment: National hospital episode statistics and the data extracted from hospital medical records and coded using the
ICD-10.

Cognitive testing: MMSE, the Babcock Story Recall test and the immediate and delayed recall of the Rey’s Auditory Verbal Learning
Test, Token test, the Category Fluency test, Visual Search test and the Letter Fluency test, the copy drawing test and the CDR.

MCI diagnosis: Petersen (2004) criteria.

AD diagnosis: NINCDS-ADRDA criteria.

Cognitive testing: MMSE

AD diagnosis: DSM-IIl and NINCDS/ADRDA criteria

Cognitive testing: 3MS.

Cognitive impairment-no dementia diagnosis: DSM-III-R and the ICD-10 criteria.
All cause dementia diagnosis: DSM-III-R or the DSM-IV criteria.

AD diagnosis: NINCDS-ADRDA criteria.

Cognitive testing: MMSE, the Isaacs Set Test, the Benton Visual Retention Test, TMT A and B and the Free and Cued Selective
Reminding Test.

Dementia diagnosis: DSM-IV.

AD diagnosis: NINCDS-ADRDA criteria.

Cognitive testing: MMSE.

Dementia diagnosis: made in accordance with the recommendations of the Movement Disorders Society Task Force: PD developed
prior to the onset of dementia, PD was associated with a decreased global cognitive efficiency (MMSE < 26), cognitive deficiency was
severe enough to impair daily life, and there was impairment in more than one cognitive domain.

Cognitive testing: MMSE and the attention subsets of the Cognitive Drug Research computerized assessment system
Normal cognitive status was set for MMSE scores of 26 or more.
Incident cognitive impairment was defined as crossing the 25-point threshold of the MMSE.

AD diagnosis: NINCDS- ADRDA criteria

Cognitive testing: MMSE, the word recall testing immediate verbal and visual memory, the digit-symbol coding test, and the finger
tapping test.

Cognitive testing: MMSE

AD diagnosis: DSM-IV and NINCD-ADRDA criteria.

Cognitive testing: California Verbal Learning Test, Rey Osterrieth figure, WAIS-R block design, Boston Naming Test, Animal fluency,
WAIS-R digit span forward, TMT A and B, Stroop color/word test, number of colors named, National Adult Reading Test, Raven’s

Colored Progressive Matrice, the 3MS, the CDR and the Alzheimer’s Disease Assessment Scale.

VD diagnosis: the State of California Alzheimer’s disease diagnostic and treatment centers criteria.

Mixed dementia diagnosis: DSM-IV criteria.

AD diagnosis: NINCDS-ADRD criteria.

Cognitive testing: MMSE and the Isaacs Set Test. Participants were further examined by a physician who performed additional
neuropsychological testing and assessed the degree of impairment.

Dementia diagnosis: DSM-IV criteria.

AD diagnosis: NINCDS-ADRDA criteria

VD diagnosis: the National Institute of Neurological Disorders and the Stroke-Association Internationale pour la Recherche et
I’Enseignement en Neurosciences criteria.

Cognitive testing: MMSE and the Geriatric Mental Schedule organic level. Participants with a MMSE score under 26 or Geriatric Mental
Schedule score over O underwent further investigation including the Cambridge Examination for Mental Disorders of the Elderly.
Dementia diagnosis: DSM-III-R criteria.

AD diagnosis: NINCDS-ADRDA criteria.

(Continued)
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TABLE 5 | (Continued)

References Cognitive assessment and/or diagnostic criteria

Ma et al. (2020) Dementia diagnosis: Doctors diagnosed dementia or Alzheimer’s disease reported by the participants who were capable of participating
personally in the study. The adapted short-form Informant Questionnaire on Cognitive Decline in the Elderly was completed by an
informant to compare the present functional and cognitive performance with the prior performance during the past 2 years. A threshold
of 3.38 or more on the Informant Questionnaire on Cognitive Decline in the Elderly was used to define dementia. Third, records from the
Hospital Episode Statistics were used to identify dementia patients.

Ng et al. (2008) Cognitive testing: MMSE
Poor cognitive performance: a total score of 23 or less on the MMSE.

Pellecchia et al. Cognitive testing: Verbal Span, Trail Making Test and interference task of Stroop Color-Word Test, Rey’s auditory verbal learning test,

(2016) clock drawing test, Rey—Osterrieth complex figure test, phonological fluency task, frontal assessment battery, Benton judgment of line
orientation test, and Constructional apraxia test and nouns and verbs denomination tasks.

Parkinsonism was diagnosed by movement disorder specialists experienced in parkinsonian disorders.
MCI diagnosis: Litvan et al. (2012) criteria.

Przybelski and Cognitive testing: MMSE
Binkley (2007)
Raszewski Cognitive testing: MMSE
et al. (2016) Dementia diagnosis: DSM-IV criteria
AD diagnosis: NINCDS-ADRDA criteria
Rinaldi et al. Cognitive testing: MMSE, Clock Drawing test, Babckock story recall, Auditory Verbal Learning test, Corsi Block Tapping test, Token
(2003) test, Category Naming test, the Controlled Oral Word Association test, the Visual Search test, the Digit forward and backward test, the

Raven’s colored progressive matrices and the CDR scale.
MCI diagnosis: Subjective complaint of defective memory, normal ADL, normal general cognitive functioning, abnormal memory for age
as demonstrated by a performance of at least 1.5 SD below the age norm, absence of dementia and a CDR scale of 0.5.
AD diagnosis: NINCDS-ADRDA criteria
Ruggiero et al. Cognitive testing: MMSE. Those with a score over 26 points were considered as non-demented, while those with a score under 21
(2009) were considered as possibly demented and directly scheduled for the second-stage screening procedure. Participants with an MMSE
score between 22 and 26 received additional neuropsychological testing using Word-Pairing Test (WAIS-R), Digit Test—Number
Memory (WAIS-R) and the Caltagirone drawings.
Dementia diagnosis: DSM-IV criteria.

Schmeidler Cognitive testing: Shipley Vocabulary, Similarities, TMT A and B, Letter Fluency, Boston Naming, Target Cancelation: Shapes and

etal. (2019) Letters and Word List: Delayed Recall, Immediate Recall, and Recognition.

Tien et al. Cognitive testing: CDR scale, the 12-item memory test, modified 15-item Boston naming test, category verbal fluency test, forward and
(2019) backward digit span test, and trail making A test.

MCI diagnosis: established criteria by International Working Group on Mild Cognitive Impairment and Petersen (2004).
AD diagnosis: National Institute on Aging-Alzheimer’s Association criteria.

Toffanello et al. Cognitive testing: MMSE

(2014) Cognitive impairment was defined as scores under 24 in the MMSE.
Cognitive decline was defined as a decline of 3 or more points at the follow up.

Velayudhan Cognitive testing: MMSE.

etal. (2012) Cognitive decline: Rapid cognitive decline was defined as a drop of 2 or more points over a period of 1 year on the MMSE scores.
AD diagnosis: NINCDS- ADRDA criteria.

Wang et al. Cognitive testing: MMSE.

(2018) MCI diagnosis: Memory deterioration or other type of cognitive impairment confirmed by the MMSE, when basic cognitive functions
were preserved, and subjects were not affected by any type of dementia.

Wilson et al. Cognitive testing: 3MS and The Digit Symbol Substitution Test

(2014)

Xue et al. Cognitive testing: A list consisting of 10 Chinese words for immediate and delayed recall, orientation by recalling today’s date, the day of

(2017) the week and current season, numerical ability by a serial subtraction of 7 starting from 100 and drawing by reproducing a picture of
two pentagons overlapped.

Zhang et al. Cognitive testing: MMSE

(2018)

NINCDS/ADRDA, National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s disease and Related Disorders Association, WAIS-R,
Wechsler Adult Intelligence Scale—-Revised; WMS-R, Wechsler Memory Scale-Revised; WMS-Ill, Wechsler Memory Scale-Third Edition; SPMSQ, Pfeiffer Short Portable
Mental State Questionnaire; ICD-10, International Classification of Diseases, 10th revision; CDR, Clinical Dementia Rating Scale; DSM-Ill, Diagnostic and Statistical
Manual of Mental Disorders 3th edition; 3MS, the Modified Mini-Mental State; DSM-III-R, Diagnostic and Statistical Manual of Mental Disorders 3th edition revised;
DSM-1V, Diagnostic and Statistical Manual of Mental Disorders 4th edition; TMT, Trail Making Test.

(Bourdel-Marchasson et al., 2001; Rinaldi et al., 2003). Rinaldi ~with MCI and AD compared to controls. The above presented
et al. (2003) also examined the associations with MCI, and findings from this study go a step further, given that the CI
found peripheral levels of antioxidants, such as UA, vitamin group presented the highest vitamin A levels, followed by the
C, vitamin E, and vitamin A, were similarly lower in patients MCI group and finally the ACD group, so it appears that
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CS decreases as vitamin A concentrations does (see Table 3).
Bourdel-Marchasson et al. (2001) suggested that lower plasma
retinol in well-nourished elderly AD patients compared to
control subjects may mean that this antioxidant vitamin has
been consumed by excessive free radical production and Rinaldi

et al. (2003) propose that given that MCI may represent a
prodromal stage for AD, and oxidative damage is one of the
earliest pathophysiological events in AD, increasing antioxidant
intake in patients with MCI could be beneficial to reduce the risk
of progression to dementia.
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Due to its anticholinesterase, antioxidant and anti-
inflammatory potential, vitamin A has been shown to have
a memory-restoring function in mice (Sodhi and Singh, 2013)
and to inhibit the formation and extension of beta-amyloid
fibrins (Ono and Yamada, 2012). Likewise, it has been reported
that brain fluid or plasma concentrations of vitamin A and
beta-carotene are lower in AD and that an increase in their
concentrations has been shown to slow the progression
of dementia, due to their antioxidant, cell-protective, and
antiaggregatory effects in in vitro and in vivo models (Ono and
Yamada, 2012). Conversely, in a recent study Koch et al. (2021)
found no relationship between plasma concentrations of retinol,
tocopherol and carotenoids among other antioxidants and the
risk of mixed dementia, vascular dementia (VD) or AD. Further
studies are needed to understand the relationships between
vitamin A and cognition, especially in aging.

In the present study, higher serum 25-OH vitamin D
concentrations were found in the groups with better CS and
were associated with higher odds of belonging to the MCI
group compared to the ACD group. This vitamin has received
the most attention in the study of the association between
its serum levels and cognitive functioning both in the elderly
without impairment and in those with cognitive impairment or
dementia, although a significant number of studies have only
used measures of global cognitive screening or in combination
with some test of attention or memory functions. Moreover,
the results obtained are not free of divergences. Specifically,
in non-impaired participants associations between higher 25-
OH vitamin D levels and better cognitive function examined
through global screening tests have been previously reported
(Przybelski and Binkley, 2007; Annweiler et al., 2010a; Wilson
et al., 2014) whereas studies having included global cognitive
performance screening measures along with tests for specific
cognitive domains have reported divergent results (Table 5).
Thus, Jorde et al. (2015) found that performance in the MMSE
and specific measures of memory, psychomotor speed, attention,
and logical reasoning test improved with increasing serum 25-
OH vitamin D, while Granic et al. (2015) found low and high
season-specific 25-OH vitamin D quartiles to be associated
with poorer performance compared with those participants
in the middle quartiles in attention tasks. Concerning the
association between 25-OH vitamin D and cognitive decline,
MCI, or dementia the results indicate that lower levels are
related to higher risk of cognitive decline (Toffanello et al.,
2014; Wilson et al., 2014; Feart et al., 2017) and dementia
(Licher et al., 2017), that MCI patients present lower mean
serum 250HD concentrations (Annweiler et al., 2012), and that
older participants with vitamin D deficiency and insufficiency
compared to those with vitamin D sufficiency, had double risk
of all cause dementia (Feart et al., 2017). Conversely, Duchaine
et al. (2020) did not find significant associations between 25-
OH vitamin D and cognitive decline or dementia. Even found
that higher 25-OH vitamin D levels were associated to increased
risk of dementia and AD for women. Overall, the evidence
collected through multiple systematic reviews and meta-analyses
confirms the relationships between higher vitamin D levels
and better cognitive performance or lower risk of cognitive

impairment or dementia (Annweiler et al., 2009; Dickens et al.,
2011; Van der Schaft et al., 2013; Goodwill and Szoeke, 2017;
Sommer et al., 2017; Chai et al, 2019; Sultan et al., 2020).
Vitamin D has been associated with many neurological functions,
and its deficiency with neurological dysfunction (for a review
see Annweiler et al, 2010b). Although there are a growing
number of studies examining the relationships between vitamin
D concentrations and different types of dementia, there are hardly
any studies examining the differences between different cognitive
statuses that have been classified according to the severity of
cognitive impairment and the impact it causes in the activities of
daily living, following established criteria after a comprehensive
neuropsychological examination. The present results add further
support to the well-established knowledge of the neuroprotective
attributes of vitamin D (Kalueff and Tuohimaa, 2007; for a review
see Buell and Dawson-Hughes, 2008).

Proteins

In our sample, higher levels of TTR were positively associated
with better CS and with a higher likelihood of belonging to
the CI group with respect to ACD. In agreement with the
present results, previous studies have found that higher TTR
levels were associated with better cognitive function. Araghi et al.
(2021) found in participants at mean age 55 that higher global
and specific-domain cognitive scores in memory, reasoning,
and verbal fluency were linked with higher serum TTR. Also,
in AD participants, lower plasma TTR levels were found
when compared to non-demented controls (Han et al., 2011;
Velayudhan et al., 2012). More specifically, Velayudhan et al.
(2012) found that TTR levels were significantly lower in AD
cases with rapid cognitive decline and with severe cognitive
impairment and that TTR levels may additionally be predictive of
subsequent cognitive decline. However, Araghi et al. (2021) failed
to found such predictive properties. Conversely, a more recent
study by Tien et al. (2019) found higher plasma TTR levels in
MCI patients when compared to healthy participants, and even
that higher plasma TTR was associated with the conversion from
MCI to AD dementia.

Regarding albumin, higher concentrations were found in
the groups with better CS (CI and MCI) and its levels were
positively associated with a greater likelihood of belonging to
the MCI group with respect to ACD. These findings are in the
line of previous studies like Wang et al. (2018) who found that
low serum albumin levels were associated with an increased
risk of MCI. Ng et al. (2008) also found that poor cognitive
performance increased with decreasing quintiles of albumin,
and multivariate analyses showed that the lowest quintile of
albumin was associated with a twofold increased risk of poorer
cognitive performance, independent of other nutritional or risk
factors. In the existent research on albumin concentrations and
dementia, Kim et al. (2006) found significant reductions in
albumin concentrations in AD patients compared to controls.

Finally, it should be emphasized that the majority of
participants in the present study were within normal ranges for
serum prealbumin and serum albumin levels. Since both proteins
are considered markers of nutritional status (Smith, 2017; Keller,
2019), this is congruent with the results of the MNA-SE which
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also indicated that most participants had normal nutritional
status (see Table 3).

Antioxidants

In this study, higher Se levels were found for the groups
with better CS and were also associated with increased odds
of belonging to MCI group with respect to ACD group.
Although there are few studies on the relationship between Se
concentrations and CS or cognitive impairment, these results are
consistent with previous literature which indicates that serum Se
levels are significantly lower in patients with dementia and in
patients with cognitive impairment without dementia (Smorgon
et al., 2004; Cardoso et al., 2014). In fact, it has been proposed
that deficiency in Se may act as a risk factor for cognitive decline
(Berr et al., 2012; Cardoso et al., 2014). Moreover, a systematic
review conducted by Loef et al. (2011) found that there is still
insufficient evidence for a role of Se in the treatment for AD, but
that it may have a potential preventive relevance. The findings on
this mineral may be explained by the antioxidant role that it plays
for the central nervous system and other body tissues (Rahman,
2007; Mehdi et al., 2013; Cardoso et al., 2014).

Higher serum UA concentrations were found for the group
with better CS and with greater odds of belonging to the CI and
MCI groups with respect to the ACD group. These findings are
in agreement with previous studies that have found lower serum
UA levels in patients with MCI (Rinaldi et al., 2003; Xue et al,,
2017), and that low UA concentrations can even act as a risk
factor for MCI (Xue et al., 2017). Moreover, lower serum UA
levels have been also related to VD (Xu et al., 2017) and AD
(Rinaldi et al., 2003; Kim et al., 2006; Al-Khateeb et al., 2015;
Boccardi et al., 2021). Low UA concentrations have been also
found in patients with Parkinson’s Disease (PD) (Wen et al,
2017; for a review see Schlesinger and Schlesinger, 2008) and
are associated to worse cognitive performance (Annanmaki et al.,
2008) and later occurrence of MCI in early PD stages (Pellecchia
et al., 2016). However, other authors did not find serum UA
levels to have a significant impact on the risk of dementia in
PD (Gonzéilez-Aramburu et al.,, 2014). Some of these findings
have been reported in a systematic review and meta-analysis by
Khan et al. (2016) who concluded that serum UA was lower
in patients with dementia, specifically, the associations were
stronger with AD and Parkinson’s Disease Dementia (PDD) than
with VD. There is also evidence on the relationship between
low serum concentrations of UA and increased risk of dementia.
A recent systematic review and meta-analysis by Zhou et al.
(2021) found low concentrations of UA to act as a potential
risk factor for AD and PDD but not for VD. However, it has
also been found evidence in the opposite direction and higher
concentrations of UA have been associated with an increased
likelihood of dementia. Latourte et al. (2018) found increased risk
of dementia with higher serum UA levels, analyses by dementia
subtypes showed stronger associations with mixed or VD than
with AD dementia. Ruggiero et al. (2009) also found higher
UA concentrations in persons affected by dementia. The present
results would give support to the proposed antioxidant role of
UA, which has been implied in reducing plasma oxidative stress,
eliminating free radicals, and playing a preventive role against

neurodegenerative processes (Tuven et al., 2017; for a review see
Tana et al., 2018).

Body Mass Index

In our sample, the two groups with better CS (CI and MCI)
had lower BMI compared with ACD group, whose mean values
were within obesity range. Additionally, a lower BMI was also
associated to increased odds of belonging to MCI group with
respect to ACD group. These findings are in agreement with the
results of a systematic review conducted by Gorospe and Dave
(2007) where increased BMI was associated with an increased
risk of dementia. Furthermore, a recent study conducted by Ma
etal. (2020) found that having a higher body weight or abdominal
obesity are associated with a higher incidence of dementia. There
is also evidence related to specific cognitive functions. Poorer
language and executive functions performance was associated
with higher BMI in a sample of moderately old men, while
relatively better performance was associated with higher BMI in
the oldest-old (Schmeidler et al., 2019). Zhang et al. (2018) found
that participants in the highest BMI quartile had highest mean
MMSE scores, and the lowest mean MMSE scores were found
in those classified in the lowest BMI quartile. Nevertheless, the
findings on BMI have been generally inconsistent, as on a meta-
analysis conducted by Danat et al. (2019) thirteen studies found
an inverse association between dementia and BMI, while three
studies showed a positive association.

The inconsistency of these findings could be due to
comorbidity with other chronic conditions such as diabetes,
differences between the populations studied (e.g., European, or
Asian population), differences in sex and age, as well as body fat
distribution. Several mechanisms have been proposed to explain
the associations between obesity and impaired cognitive function,
including inflammation, elevated leptin, insulin resistance,
neuronal degradation, and impaired brain metabolism or blood
flow (Nguyen et al., 2014; Anjum et al., 2018).

Inflammatory markers, such as high levels of CRP have been
found in the obese, where increased brain atrophy, increased
white matter hyperintensities, and decreased total gray matter
brain volume have also been observed (Prickett et al., 2015).
In the present study, inflammatory markers such as IL, TNEF,
and CRP were analyzed in all participants and no significant
differences were found among CS groups. Other suggested
mechanisms underlying the relation between CS and obesity are
related to comorbidities, which are common among obese adults,
such as insulin resistance and type 2 diabetes, hypertension,
impaired glucose tolerance, and dyslipidemia (Miquel et al.,
2018). Again, the present results did not show significant
differences among CS groups in glucose, insulin, or parameters of
lipid profile. Thereafter, the above referred possible relationship
between obesity and inflammation or other comorbidities cannot
be established in this study.

LIMITATIONS

The present study has some limitations. First, no significant
differences were found between the CS groups in biochemical
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variables that have been related to cognitive function in previous
literature, such as vitamin B12, folate, glucose, cholesterol, or
inflammatory markers. Second, associations between CS and
nutritional status were examined in a cross-sectional design,
which does not allow us to analyze the progression in CS of the
participants. Third, given the cross-sectional design of the study,
the main conclusion should be taken with caution. Finally, having
included only institutionalized participants may make the present
results less generalizable to the general population, but the study
design emphasized the need to have more control of access to
the population to obtain both CS and nutritional data in a more
homogeneous setting.

CONCLUSION

To our knowledge, this is the first study to examine the
relationships between cognitive and nutritional status by
establishing the CS of the participants and classifying them
into three groups based on the results obtained from a
comprehensive neuropsychological examination comprising
the main cognitive domains and assessment of ADLs
following established clinical criteria, assessment of depressive
symptomatology and including, to explore nutritional status, a
wide variety of blood biomarkers, anthropometric measures, and
a nutritional screening test.

From the present results it can be concluded that
increased serum concentrations of vitamin A, vitamin D,
TTR, albumin, Se and UA could act as a protective factor
against cognitive impairment, whereas higher BMI could
act as a risk factor. Ideally, future work should include
large samples of institutionalized and independently living
elderly, comprehensive neurocognitive screening and adequate
assessment of nutritional status including multiple measures, as
well as intervention and longitudinal designs to test the effects on
cognitive function resulting from nutritional interventions and
change over time.
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Vascular dementia (VD) and Alzheimer’s disease (AD) are common types of dementia for
which no curative therapies are known. In this study, we identified hub genes associated
with AD and VD in order to explore new potential therapeutic targets. Genes differentially
expressed in VD and AD in all three datasets (GSE122063, GSE132903, and GSE5281)
were identified and used to construct a protein—protein interaction network. We identified
10 modules containing 427 module genes in AD and VD. Module genes showing an
area under the diagnostic curve > 0.60 for AD or VD were used to construct a least
absolute shrinkage and selection operator model and were entered into a support
vector machine-recursive feature elimination algorithm, which identified REPS1 as a hub
gene in AD and VD. Furthermore, REPS1 was associated with activation of pyruvate
metabolism and inhibition of Ras signaling pathway. Module genes, together with
differentially expressed microRNAs from the dataset GSE46579, were used to construct
a regulatory network. REPS1 was predicted to bind to the microRNA hsa_miR_5701.
Single-sample gene set enrichment analysis was used to explore immune cell infiltration,
which suggested a negative correlation between REPS1 expression and infiltration by
plasmacytoid dendritic cells in AD and VD. In conclusion, our results suggest core
pathways involved in both AD and VD, and they identify REPS1 as a potential biomarker
of both diseases. This protein may aid in early diagnosis, monitoring of treatment
response, and even efforts to prevent these debilitating disorders.

Keywords: Alzheimer’s disease, vascular dementia, biomarker, REPS1, Ras signaling pathway

INTRODUCTION

Age-related neurodegeneration affects more than 36 million people around the world. The most
common cause of dementia is Alzheimer’s disease (AD), which shows insidious onset and leads to
progressive deterioration of cognitive and physical function as well as mood. By 2050, more than
115 million around the world may be affected by AD (Reisberg et al., 1997). Various factors seem
to affect risk of AD-related dementia, such as diabetes, hypertension, and smoking (Luchsinger
et al., 2005). The pathogenesis of AD may even involve the individual’s own immune system:
natural and adaptive immune responses involving monocytes, macrophages, neutrophils, and
peripheral blood T cells may contribute to the disease (Polfliet et al., 2001; Ziegler-Heitbrock, 2007;
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REPS1 in AD and VD

Baik et al, 2014; Gate et al,, 2020). Studies in Tg2576/p75
NTR =+ mice suggest that reducing amyloid f accumulation can
improve cognitive deficits (Jian et al., 2016), but no treatments
are yet available to cure or prevent AD (Tan et al., 2014).

The second most common type of dementia is vascular
dementia (VD; O’Brien and Thomas, 2015), which can coexist
with AD and other age-related neurological disorders (Gorelick
etal, 2011). As populations age, the overall incidence of dementia
doubles every 5.1 years, that of AD doubles every 4.5 years, and
that of VD doubles every 5.3 years (Jorm and Jolley, 1998). AD
and VD appear to be closely related in terms of risk factors
and symptoms (Ashraf et al., 2016). Better understanding of the
etiology of both diseases, and exploration of the overlap between
them, may help clinicians diagnose and treat them.

Such work can take the form of identifying appropriate
biomarkers of the two diseases (Biomarkers Definitions Working
Group, 2001), particularly molecules that can be assayed in a
cost-effective, minimally invasive way, such as in blood. In AD,
for example, levels of the microRNA (miRNA) miR-34a may aid
in early diagnosis (Jian et al.,, 2017). The protein RBM8A may
regulate many genes related to AD pathophysiology (Zou D.
et al., 2019). Furthermore, we identified hub genes associated
with molecular subtypes as potential biomarkers for AD, as well
as candidate therapeutic targets (Ma et al., 2022). Identifying
biomarkers for AD and VD may help individualize treatment for
patients as a function of their precise symptoms.

In the present study, our aim was to search for biomarkers of
AD and VD using bioinformatics and to explore their potential
biological role in the two diseases.

MATERIALS AND METHODS

Data Preprocessing

Gene expression data from the datasets GSE122063, GSE132903,
GSE5281, and GSE46579 were downloaded from the Gene
Expression Omnibus' (Barrett et al, 2013). The data in
GSE122063 were obtained using the GPL16699 platform and
included 56 AD, 36 VD, and 44 healthy brain tissue samples. The
age of patients at death (mean & SD, year) were 78.6 & 8.5 for
healthy controls, 81.4 £ 10.1 for VD patients and 80.9 £ 7.4
for AD patients. These three groups in the GSE122063 dataset
did not differ significantly in age, sex, or time to death. Data in
GSE5281 were obtained using the GPL570 platform and included
87 AD and 74 normal brain tissue samples. The age of patients
at death ranged from 63 to 102 years. Data in GSE132903 were
obtained using the GPL10558 platform and included 97 AD and
98 non-dementia control samples. Age of patients at death range
of 195 samples were 70-102 years. Data on miRNA expression
in GSE46579 were obtained using the GPL11154 platform and
included 48 AD patients and 22 normal blood samples.

Gene expression profiles were normalized using the
“normalize Between Arrays” function of the limma package
in R (Ritchie et al,, 2015). The workflow for this study is shown
in Figure 1.

Uhttps://www.ncbi.nlm.nih.gov/geo/

Analysis of Differential Gene Expression
Differentially expressed mRNAs (DEmRs) between AD and
healthy individuals or between VD and healthy individuals were
identified in datasets GSE122063, GSE5281, and GSE132903
using the limma package. DEmRs that were upregulated across
all three datasets or downregulated across all three datasets, and
whose differential expression was associated with an adjusted
P < 0.05, were considered to be associated with dementia.
The Himsc package in R was used to assess similarity of
gene expression across different samples based on cumulative
distribution curves.

Functional Enrichment of Differentially

Expressed Genes

We analyzed enrichment of DEmRs in Gene Ontology terms
and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways using the clusterProfiler package in R (Yu et al,
2012). Enrichment was defined as P < 0.05. Interactions between
DEmRs and cellular processes were explored using gene set
enrichment analysis (GSEA; Mootha et al., 2003; Subramanian
et al., 2005).

Protein-Protein Interaction Network

A protein-protein interaction (PPI) network was constructed
from intersecting genes whose k_core was greater than 500.
The Molecular Complex Detection algorithm was performed
to monitor PPI network modules with Cytoscape. From this
network we identified module genes related to AD and VD.

Feature Genes

The least absolute shrinkage and selection operator (LASSO)
model and support vector machine-recursive feature elimination
(SVM-REFE) algorithm were used to screen for feature genes.
LASSO was performed within the glmnet package in R (Friedman
et al., 2010). LASSO applies a penalty function to shrink the
regression coefficient to 0 for variables that influence outcomes
less. In this way, the method can converge toward a more accurate
prediction model.

Support vector machine is a powerful binary classifier that
establishes a classification hyperplane as a decision surfac<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>