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The present study aimed to assess the changes in blood factors and ultrasound
measures of atherosclerosis burden patient with mild cognitive impairment (MCI) and
dementia. Peripheral blood samples and ultrasonography findings were obtained for
53 enrolled participants. Flow cytometry was used to evaluate levels of activated
platelets and platelet-leukocyte aggregates (PLAs). The number of platelets expressing
p-selectin was correlated with intima media thickness (IMT) and plaque number in
both the MCI and dementia groups. The number of platelets expressing p-selectin
glycoprotein ligand (PSGL) was strongly correlated with IMT in patients with MCI,
whereas the number of platelets expressing PGSL was correlated with plague number
rather than IMT in patients with dementia. PLAs was associated with both IMT and
plague number in patients with MCI but not in those with dementia. Our findings
demonstrate that alterations in IMT and plaque number are associated with an increased
risk of cognitive decline as well as conversion from MCI to dementia and that blood
factor analysis may aid to detect the severity of cognitive decline.
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INTRODUCTION

Aging has been regarded as a major risk factor for neurodegenerative disease (Coutu et al., 2017).
Previous studies have demonstrated a strong association between aging and vascular diseases
(Jeerakathil et al., 2004; Gottesman et al., 2010; Pantoni, 2010). The research has indicated that
factors associated with aging and vascular dysfunction exhibit a cross-sectional relationship with
mental status as determined based on Mini-Mental State Examination (MMSE) score (Atiya
et al., 2003). Recent studies have reported that carotid artery atherosclerosis is associated with a
subsequent risk of new or recurrent cerebrovascular diseases, such as stroke, post-stroke vascular
dementia and mild cognitive impairment (MCI; Knopman et al., 2016; Dearborn et al., 2017; Meyer
et al., 2017). Furthermore, chronic hypoperfusion caused by carotid stenosis has been reported to
play a role in cognitive decline (Ruitenberg et al., 2005; Yurkovetsky et al., 2006).

Dementia represents a major public health concern (Moon et al., 2015), as accumulating
evidence has demonstrated that the incidence and prevalence of dementia increase rapidly
with advancing age (Silvestrini et al, 2009; Petersen et al, 2014; Moon et al, 2015).

Abbreviations: AD, Alzheimer’s disease; ANOVA, analysis of variance; CDR, Clinical Dementia Rating Scale;
FACS, fluorescence-activated cell sorting; FITC, fluorescein isothiocyanate; HDL, high-density lipoprotein;
IgG, immunoglobulin G; IMT, intima-media thickness; LDL, low-density lipoprotein; MCI, mild cognitive
impairment; MMSE, Mini-Mental State Examination; PLA, platelet-leukocyte aggregation; PMA, platelet-monocyte
aggregation; PRP, platelet-rich plasma; PSGL, p-selectin glycoprotein ligand.
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Although it has been difficult to investigate changes in the
incidence and prevalence of dementia due to variations in
diagnostic criteria and methods, a recent epidemiological study
indicated that dementia prevalence and incidence have decreased
in some countries (Wu et al., 2017). Moreover, the number of
patients with dementia remains stable in the aging population of
these countries (Wu et al., 2017). Some evidence has suggested
that vascular risk factors are associated with the onset and
progression of Alzheimer’s disease (AD; Luchsinger et al., 2005;
Deschaintre et al., 2009). In addition, increased cerebrovascular
risk has been associated with more severe dementia and
MCI incidence (Luchsinger et al., 2005; Mioshi et al., 2006;
Deschaintre et al., 2009; Li et al., 2011). Considering the role of
vascular blood factors in patients with MCI, such factors may
also influence the progression of cognitive decline (Iadecola and
Gorelick, 2003). However, there are currently no markers for
the prediction of prognosis or the risk of conversion from MCI
to dementia. Therefore, it is necessary to develop noninvasive
diagnostic methods for the assessment of vascular status (de la
Torre, 2010).

Recent clinical investigations have focused on the relationship
between levels of circulating adhesion factors in peripheral blood
and cerebrovascular diseases (Vermeer et al., 2003; Dearborn
et al., 2017). Platelets and leukocytes play a major role in
atherothrombosis, aggregates of which result in the formation
of atherosclerotic plaque (Folsom et al., 2009; Lievens et al.,
2010; Dopheide et al., 2016; Gerdes et al., 2016). Although other
factors associated with vascular disease can influence cognitive
state, few studies have utilized flow cytometry to investigate
platelet and leukocyte markers in older adults with cognitive
decline. Research has demonstrated a correlation between
circulating adhesion molecules in patients with atherosclerosis
and atherosclerosis factors such as intima-media thickness (IMT)
and the number of plaques, which may aid in determining
the presence and/or extent of cognitive decline (Moon et al.,
2015). In order to determine the potential usefulness of this
correlation for determining diagnoses/prognoses, blood factor
analysis is required. Based on the pathophysiological mechanism
underlying dementia, most relevant studies have aimed to
identify molecular markers based on drug responses (Mioshi
et al., 2006; Jellinger and Attems, 2007; Steinhubl et al., 2007;
Coley et al.,, 2008). As such, little is known regarding the potential
role of circulating adhesion molecules in patients with vascular
diseases during the early and later stages of cognitive dysfunction.

The present study aimed to assess the relationship between
changes in blood factors and ultrasound findings in patients with
MCI and dementia exhibiting signs of atherosclerosis, and to
suggest the possibility of the most appropriate treatment strategy
for patients with MCI or multiple diagnoses.

MATERIALS AND METHODS

Participants

The present study enrolled 53 participants who had visited
the neurology outpatient clinic of Severance Hospital between
August 2016 and February 2017. Participants with an infection

such as aspiration pneumonia were excluded to avoid parallel
infection, which may also activate platelets or leukocytes. The
control group consisted of nine age- and sex-matched individuals
with no clinical signs of cerebrovascular or cardiovascular
disease such as stenosis or atherosclerosis. Participants of the
patient group were categorized into three subgroups: vessel
damage, MCI and dementia groups. The “vessel damage” group
represents participants who contain one or more cardiovascular
and cerebrovascular diseases containing atherosclerosis, stenosis,
or stent implanted. “MCI” group is basically classified with
based on the Petersen’s criteria (Petersen, 2004). In our case,
we only considered the amnestic MCI for more homogeneous
sample. The basal score of participants are 25-27 on the
MMSE adjusted according to age and education as assessed
for the Korean population. Clinical Dementia Rating Scale
(CDR) values 0.5 and 1.0 were classified into the MCI
group. We also used additional cognitive evaluation battery
the Korean version of Addenbrooke’s Cognitive Examination-
Revised (K-ACE; Mioshi et al., 2006). The type of “dementia”
group was included AD only which is diagnosed by department
of neurology in Severance hospital using neuroimaging and
cognitive evaluation (MMSE and CDR) containing Seoul
Neuropsychological Screening Battery (SNSB) widely used in
South Korea.

No  differences in  atherosclerotic  risk  profile
(e.g., hypertension, hyperlipidemia and diabetes) were observed.
Fasting levels of total and high-density lipoprotein (HDL)
cholesterol, triglycerides and low-density lipoprotein (LDL)
cholesterol were also measured in each participant. The
characteristics of the participants are shown in Table 1. All
participants underwent cognitive assessment consisting of the
CDR scale and MMSE. Patients with MMSE scores from 25 to
27 and CDR values 0.5 and 1.0 were classified into the MCI
group. Patients with dementia were diagnosed with dementia
and they were classified into the dementia group. All participants
provided written informed consent, and the study protocol was
approved by the Institutional Review Board of the Severance
Hospital (4-2016-0531). All participants gave written informed
consent in accordance with the Declaration of Helsinki.

Ultrasonography

Participants underwent measurement of carotid artery IMT,
plaque morphology and thickness of carotid plaques via
B-mode ultrasonography. Carotid artery plaques were examined
using a high-resolution B-mode ultrasound system (Accuvix
V10, Seoul, South Korea) equipped with a multi-frequency
linear array transducer (5-10 MHz). All measurements
were performed by a technician trained in ultrasound
research in accordance with a standard scanning and reading
protocol.

Carotid artery IMT is defined as a distance from media-
adventitia to lumen-intima interface. Carotid artery IMT
(longitudinal view) was measured offline in a plaque-free region
at the far wall of the common carotid artery (CCA) using a
computerized system. The upper limit of normal for IMT was
defined as 1.0 mm. IMT measures were obtained from walls of
three arterial segments of both carotid arteries; the near and far
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TABLE 1 | Patients characteristics.

Vessel damage

Cognitive decline

Control participants stenosis patients MCI Dementia p-value
(n=9) (n=29) (n=11) (n=14)
Age 65.3 £ 8.1 68.1 £12.1 66.3+12.2 709 +£9.7 0.632
Gender 0.188%
Male 11.1(1) 58.6 (17) 54.5 (6) 28.6 (4)
Female 88.9 (8) 41.4(12) 45.5 (5) 71.4 (10)
Hypertension 22.2(2) 31.0(9 45.5 (5) 50.0 (7) 0.8218
Diabetes 9.0(1) 17.2 (5) 27.3(3) 14.3 (2) 0.420%
Hyperlipidemia 22.2(2) 24.1(7) 27.3(3) 50.0 (7) 0.2508
Total cholesterol (mg/dL) 168.7 £42.9 138.6 + 43.6 1389+ 41.4 152.9 +43.0 0.400
LDL cholesterol (mg/dL) 76.9 +£18.2 69.2 £32.4 61.8 +£38.3 76.9 + 33.7 0.742
HDL cholesterol (mg/dL) 67.0 +40.5 50.3 + 13.1 54.0+14.9 551 +17.7 0.344
MMSE score 29+0 254 £ 3.2 247 +£23 20.5+4.3 0.392

Data are expressed percentage as mean + SD. The each patient number is presented in parenthesis. $Derived from Chi-squared test.

wall of the proximal 10 mm of the internal carotid artery, the
near and far wall of the carotid bifurcation beginning at the tip
of the flow divider and extending 10 mm proximally, and the
near and far wall of the arterial segment extending 10-20 mm
proximally to the tip the flow divider into the CCA (Prati et al.,
2008).

In accordance with the Mannheim Consensus, carotid plaques
were defined as focal protruding structures into the lumen with a
size of at least 0.5 mm or 50% of the IMT where is over 1.5 mm
(Touboul et al., 2007). The lesions with an IMT > 1.1 mm were
defined as atheromatous plaques. Thickness of carotid atheroma
to measure and count the plaques was measured in a longitudinal
and vertical view for screening accurate plaque. The plaques were
measured everywhere.

Flow Cytometry

Blood samples were collected into Vacutainer tubes containing
0.5 mL of 3.2% buffered sodium citrate, immediately following
which the citrated blood sample was added to a fixation solution
to minimize ex vivo platelet activation and prepared for flow
cytometry. Whole blood samples were used to assess platelet
activity. Whole blood resuspended in Tyrode’s solution was
incubated with phycoerythrin (PE)-conjugated anti-CD41a
for immunological identification of platelets. The samples
were simultaneously incubated with fluorescein isothiocyanate
(FITC)-conjugated anti-CD62p or FITC-conjugated anti-
CD162 at saturating concentrations for 15 min at room
temperature in the dark. Levels of platelet-bound anti-CD62p
or -CD162 were determined by analyzing 50,000 platelets for
FITC fluorescence. Results were expressed as a percentage of
antibody-positive platelets.

Red blood cell-lysed blood samples were used to determine
leukocyte levels, which were identified based on the forward
and sideward scatter properties of PE-CD45-positive leukocytes.
Monocytes and lymphocytes were identified based on strong
expression of PE-CD14 and PE-CDI154, respectively. The
presence of platelet-leukocyte aggregates was assessed during
the detection of CD42b-FITC-labeled platelets. FITC-conjugated
immunoglobulin G (IgG) and PE-conjugated IgG antibody
were used for isotype control experiments. A minimum of
50,000 cell events was analyzed in each assay. The percentages

of platelet-monocyte and platelet-lymphocyte complexes were
calculated. All antibodies used were purchased from BD
Biosciences (New Jersey, NJ, USA). Blood samples were analyzed
using LSRII (Becton Coulter, San Jose, CA, USA).

Statistical Analysis

Participant characteristics and plaque thickness are presented
as mean £ SD. Fluorescence-activated cell sorting (FACS)
and ELISA values are presented as medians. The clinical
characteristics of each group were compared using the
Mann-Whitney nonparametric test. Statistical significance
among groups was determined via one-way analysis of
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FIGURE 1 | The distribution of participants and atherosclerotic condition.

(A) Of participant, patients groups are three. Without cognitive decline,
patients with atherosclerosis only are 57.1% of total patients. With
atherosclerosis, patients with mild cognitive impairment (MCI) are composed in
32.1% and patients with dementia are constituted in 14.3%. (B) Intima-media
thickness (IMT) is shown as mean + SD. Differences of IMT is significant
between dementia and control group. Also it is significant between dementia
and MCI. (C) Numbers of plaques are shown as mean + SD. There are
significant differences between control and MCI; control and dementia; and
MCI and dementia. *p < 0.05 vs. control group, **p < 0.01 vs. control group.
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FIGURE 2 | Expression of circulating blood factors by fluorescence-activated cell sorting (FACS) analysis. (A) Circulating levels of monocyte aggregated with
platelets in each group. (B) Circulating levels of leukocyte aggregated with CD40Ligand (CD154) in each group. (C) Circulating levels of leukocyte aggregated with
p-selectin glycoprotein ligand (PSGL; CD162) in each group. The data presents with % as an event number per gate by FACS analysis. Bars represent median
values, and the error bar, the standard deviation. *p < 0.05 vs. control group, **p < 0.01 vs. control group, ***p < 0.001 vs. control group. NS, not significant.

variance (ANOVA). Probability values were two-tailed, and
values of p < 0.05 were considered statistically significant
(SPSS, Windows version 17.0, Chicago, IL, USA). Pearson
correlation coefficients were used to assess the association
between ultrasound findings (IMT and plaque number) and
changes in blood factors associated with atherosclerotic vessel
dysfunction. Values of the coefficient constant r and 7* are
provided. A value of p < 0.05 was regarded as significant (SPSS,
Windows version 17.0, Chicago, IL, USA).

RESULTS

Clinical Characteristics and Ultrasound

Findings of Control and Patient Groups

In the present study, there was no significant difference in
vascular risk factors among the control, vessel damage, MCI
and dementia groups. Moreover, there were no significant
differences among the three groups with regard to total
cholesterol (p = 0.4), HDL (p = 0.7421) and LDL (p = 0.3439).
Participant characteristics are detailed in Table 1. Of all patients
with vessel damage diagnosed with carotid vascular stenosis
or atherosclerosis, patients with vessel damage without any
cognitive dysfunction comprise 57.1%; patients with MCI is
32.1%; and patients with dementia is 14.3% (Figure 1A).
Particularly, all of patient with MCI had been also with vessel
damage. The IMT was significantly thicker in the dementia
(mean thickness: 0.809 % 0.097 mm) group than in the control
group (mean thickness: 0.643 + 0.123 mm), but not in the MCI
group (mean thickness: 0.743 %= 0.226 mm; Figure 1B). However,
plaque numbers were significantly increased in both the MCI and
dementia groups relative to values for the control group (control:
2.5 £ 0.7 vs. MCL: 9.5 £ 6.6, p = 0.0061; control vs. dementia:
6.8 == 4.2, p = 0.0012; Figure 1C).

Changes in Levels of Circulating Adhesion
Blood Factors in Patients with MCI and
Dementia

FACS analysis of circulating blood factors associated with

platelet-leukocyte aggregation (PLA) revealed that specific
changes in PLA level in each MCI or dementia group (Figure 2).

The levels of platelet-monocyte aggregates (PMA) as determined
by CD154-CD14 double-staining is lower in dementia group
compared to control, but not significant difference in MCI group
(Figure 2A). In contrast, the level of PLA (CD154-CD45) is
higher in MCI group, but not significant change in dementia
group (Figure 2B). In case of another PLA (CD162-CD45), there
was significant decrease in dementia group compared to control.
It was different from the result in MCI group presenting no
significant change compared to control (Figure 2C).

The number of platelets expressing p-selectin (CD62p)
by FACS was increased in dementia group whereas the
number of platelets expressing p-selectin glycoprotein ligand
(PSGL; CD162) was high both in MCI and dementia group
(Figures 3A,B). The level of p-selectin detected on the surface of
active platelets significantly increased in the vessel damage group
and MCI group, based on changes in platelet-rich plasma (PRP)
levels as determined via ELISA. The level of p-selectin and PSGL
in plasma was higher in the MCI group than in the control group
(Figures 3C,D).

Associations between Vessel Status and
Circulating Blood Factors in Patients with

Cognitive Decline

The correlation between cognitive function and circulating
adhesion factors was analyzed as shown in Table 2. The number
of platelets expressing p-selectin was correlated with IMT and
plaque numbers in both the MCI and dementia groups. The
number of platelets expressing PSGL was strongly correlated with
IMT, but not with plaque numbers, in MCI group. In contrast,
the number of platelets expressing PSGL was correlated with
plaque number rather than IMT in dementia group. Unlike in the
dementia group, factors associated with blood aggregation and
vessel dysfunction such as CD40Ligand (CD154), PLA and PMA,
were correlated with IMT and plaque number in the MCI group
(Table 2). In the MCI group, IMT was significant correlation
with most of circulation blood factors except of the level of PMA.
Plaque number in MCI group was also significantly correlated
with p-selectin, PLA and PMA (Table 2). In the dementia group,
IMT was significant correlation with the level of p-selectin only.
In contrast, plaque number was a significant correlation with
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FIGURE 3 | CD62p and CD162 expression in cell surface marker and soluble level. (A,B) Level of platelet surface expressing CD62p (p-selectin) or CD162 (PSGL)
was evaluated by FACS analysis. (C,D) Level of CD62p or CD162 in plasma was evaluated by ELISA. The data of FACS represents with % as an event number per
gate. The result of ELISA is presented as ng/ml. Bars represent median values, and the error bar, the standard deviation. *p < 0.05 vs. control group. NS, not
significant.

p-selectin and strong correlation with PSGL among circulating
adhesion factors (Table 2).

DISCUSSION

In the present study, we demonstrated that alterations in IMT
and plaque number are associated with an increased risk of
cognitive decline as well as risk of dementia. Our results suggest
that ultrasound findings may aid in identifying older individuals
at increased risk for the progression of cognitive decline when
morphological impairment of cerebrovascular structures has
been identified. Moreover, our findings suggest that the presence

of atherosclerotic changes and changes in blood factors such as
PSGL, PLA and PMA can be used to predict MCI and dementia.

In the present study, levels of p-selectin in circulating
platelets, PSGL and circulating PMA were significantly increased
in patients with MCI relative to controls (Figures 2, 3).
The changes in circulating blood factors have been reported
to relate with vascular diseases like as ischemic stroke or
atherosclerosis (Marquardt et al., 2002; Nadar et al., 2004). Based
on this association, several noninvasive measures for evaluating
subclinical atherosclerosis have received intense attention in
clinical and research settings for the predictive diagnosis of
cerebrovascular diseases.

TABLE 2 | Correlation between ultrasonic characters and circulating blood factors.

Correlating pair MCI Dementia

Ultrasonic characters Circulating blood factors r R? p value r R? p value

IMT p-selectin 0.810 0.656 0.0149* 0.609 0.371 0.0273*
PSGL 0.951 0.904 0.0036** —-0.207 0.043 0.5653
CDA40 Ligand 0.906 0.822 0.0019** —0.035 0.001 0.923
PLA 0.819 0.671 0.0243* 0.333 0.111 0.2667
PMA 0.370 0.137 0.3665 0.191 0.037 0.5317

Number of plaques p-selectin 0.954 0.911 0.0116* 0.665 0.442 0.0255*
PSGL 0.775 0.600 0.0704 0.921 0.849 0.0002***
CDA40 Ligand 0.333 0.111 0.4656 0.565 0.319 0.0887
PLA 0.808 0.653 0.0278* —0.026 0.001 0.9434
PMA 0.905 0.819 0.0347* —0.388 0.150 0.1906

Pearson’s correlation coefficients, R squared, and associated p-values are shown. The bold values are representing the significant circulating blood factors in each
ultrasonic character group. *p < 0.05 vs. control group, **p < 0.01 vs. control group, ***p < 0.001 vs. control group.
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Researchers have suggested a relationship between
atherosclerotic severity and circulating adhesion blood factors;
atherosclerotic severity and cognitive decline in the above
mentioned reports. With one step further linking between
them, our findings provide insight into the use of blood factor
analysis (using FACS) as well as ultrasonographic evaluation
of vessel status in both clinical and research settings. Changes
in platelet activation and monocyte distribution are observed
in the early stages of atherosclerosis. Such changes are strongly
associated with stroke onset, as demonstrated by various studies
(King et al., 2009; Cardenas et al., 2012; Xiang et al., 2013). The
monocyte receptor CD14 and leukocyte antigen CD45 are best
known for their crucial role in immunity. In addition, CD14 and
CD16 are well-known biomarkers for atherosclerotic disease
progression (Folsom et al., 2009). Research has also suggested
that (PSGL, CD162) is a pro-atherogenic marker of vascular
disease progression (Folsom et al., 2009).

The present study shows that increased IMT was more
frequently observed in patients with MCI, whereas increased
numbers of carotid plaques were more frequently observed in
patients with dementia. The patients with MCI in our study
comprise 32% of all patients with atherosclerosis, and all patients
of the MCI group in the present study had been diagnosed with
carotid vascular stenosis or atherosclerosis (Figure 1). These
findings suppose that vessel damage is followed by MCI. A
lot of findings in previous studies suggest that greater degrees
of carotid atherosclerosis are associated with the progression
from MCI to dementia (Mioshi et al., 2006; Urbanova et al.,
2014; Moon et al., 2015; Knopman et al, 2016; Dearborn
et al, 2017). The very recent study reported that up to
50% of patients develop vascular stenosis, and that anterior
cerebral artery (ACA) plaques are associated with dementia
even after controlling for vascular risk factors (Dearborn et al.,
2017). Other researches have suggested that atherosclerosis plays
a role in cognitive impairment, particularly in older adults
(Jellinger and Attems, 2007; White et al., 2016). Such research
has further demonstrated a converging relationship between
degenerative vascular dysfunction and cognitive dysfunction.
In our study, most patients with MCI exhibit atherosclerotic
vessel abnormalities, such as increased IMT and plaque numbers,
increasing the risk for progression to dementia. Especially in
aged people, it is reported to estimate that 15%-42% of people
over the age of 65 years exhibit some form of MCI, and that
approximately 5%-15% of patients with MCI go on to develop
dementia (Winblad et al., 2004; Petersen et al., 2014). Recent
evidence has revealed that vessel dysfunction contributes to AD
as well as vascular dementia (Murray et al., 2011). In this previous
study, the authors reported an IMT cutoff value of 0.805 for the
prediction of MCI development (baseline: 0.825 mm; Murray
et al., 2011). Diagnosis of dementia in such patients is required
in order to ensure the appropriate therapeutic guidelines and
treatment are utilized (Wu et al., 2017).

Our results indicate that intima thickness and plaque number
are associated with higher levels of p-selectin, as the evidence
that platelets are engaged in the formation of PLAs (Steinhubl
et al, 2007). In the dementia group of the present study,
which included individuals with dementia, plaque numbers

corresponded strongly with levels of PSGL-positive platelets.
Control of plaque numbers with appropriate therapy such as
statin treatment may thus delay or prevent the progression of
cognitive decline to dementia. Our findings also indicated that
carotid atherosclerosis correlates with MCI as well as increased
numbers of PSGL-expressing platelets. Analysis of blood factors
using ultrasonography may aid clinicians in determining the
most appropriate treatment strategy for patients with cognitive
decline with vessel disease.

The present study has some limitations that need
consideration. First, longer follow-up is required to verify our
findings. We are currently preparing a 3-year follow-up study
including the participants of the present study and additional
volunteers. Second, as the sample size was rather small, future
studies should enroll a larger population. Future FACS studies
should also aim to determine a cutoff value for each blood cell
population for the prediction of progression from cognitive
decline to dementia in older adults with cardio/cerebrovascular
disease. Our simple assessment of vascular risk factors does
not seem to be a fully satisfactory approach for adequately
counteracting the risk of developing dementia, when compared
to other large-scale studies (Coley et al,, 2008; Luzzi et al.,
2010). Nevertheless, we suggest that analysis of circulating
adhesion factors may aid in predicting the risk of progressive
cognitive impairment. Additionally, aggressive treatments for
vascular disease should be considered for individuals with a
predisposition toward dementia. Despite these limitations, our
findings provide a basis for further study regarding biomarkers
of both cerebrovascular disease and cognitive dysfunction.

In conclusion, our findings demonstrate that circulating
adhesion molecules level and interaction between factors present
significant differences in patient with MCI or dementia.
Alterations in IMT and plaque number are associated with an
increased risk of cognitive decline as well as conversion from
MCI to dementia. These results suggest that ultrasound findings
may aid in identifying older individuals at increased risk for
the progression of cognitive decline in when cerebrovascular
damaged. Moreover, our findings suggest that the presence of
atherosclerotic changes and changes in blood factors such as
p-selectin, PSGL, PLA and PMA can be useful candidates to
monitor the severity of cognitive decline.

AUTHOR CONTRIBUTIONS

KC composed the manuscript and performed most of
laboratory works and data. JK collected blood sample from
outpatients and clinical records; and GWK supervised the whole
study.

FUNDING

This study was supported by a faculty research grant of
Yonsei University College of Medicine (6-2016-0096) and by
Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education
(NRF-2017R1A2B4004132).

Frontiers in Aging Neuroscience | www.frontiersin.org

December 2017 | Volume 9 | Article 427


https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles

Cho et al.

Blood Factors and Ultrasonography in MCl and Dementia

REFERENCES

Atiya, M., Hyman, B. T., Albert, M. S., and Killiany, R. (2003). Structural magnetic
resonance imaging in established and prodromal Alzheimer disease: a review.
Alzheimer Dis. Assoc. Disord. 17, 177-195. doi: 10.1097/00002093-200307000-
00010

Cardenas, V. A,, Reed, B., Chao, L. L., Chui, H., Sanossian, N., DeCarli, C. C,,
et al. (2012). Associations among vascular risk factors, carotid atherosclerosis,
and cortical volume and thickness in older adults. Stroke 43, 2865-2870.
doi: 10.1161/STROKEAHA.112.659722

Coley, N., Andrieu, S., Gardette, V., Gillette-Guyonnet, S., Sanz, C., Vellas, B., et al.
(2008). Dementia prevention: methodological explanations for inconsistent
results. Epidemiol. Rev. 30, 35-66. doi: 10.1093/epirev/mxn010

Coutuy, J. P, Lindemer, E. R., Konukoglu, E., Salat, D. H., and Alzheimer’s Disease
Neuroimaging Initiative (ADNI). (2017). Two distinct classes of degenerative
change are independently linked to clinical progression in mild cognitive
impairment. Neurobiol. Aging 54, 1-9. doi: 10.1016/j.neurobiolaging.2017.
02.005

de la Torre, J. C. (2010). The vascular hypothesis of Alzheimer’s disease: bench
to bedside and beyond. Neurodegener. Dis. 7, 116-121. doi: 10.1159/0002
85520

Dearborn, J. L., Zhang, Y., Qiao, Y., Suri, M. F. K,, Liu, L., Gottesman, R. F,,
etal. (2017). Intracranial atherosclerosis and dementia: the Atherosclerosis Risk
in Communities (ARIC) study. Neurology 88, 1556-1563. doi: 10.1212/WNL.
0000000000003837

Deschaintre, Y., Richard, F., Leys, D., and Pasquier, F. (2009). Treatment of
vascular risk factors is associated with slower decline in Alzheimer disease.
Neurology 73, 674-680. doi: 10.1212/WNL.0b013e3181b59bf3

Dopheide, J. F., Rubrech, J., Trumpp, A., Geissler, P., Zeller, G. C., Bock, K.,
et al. (2016). Leukocyte-platelet aggregates-a phenotypic characterization
of different stages of peripheral arterial disease. Platelets 27, 658-667.
doi: 10.3109/09537104.2016.1153619

Folsom, A. R., Aleksic, N., Sanhueza, A., and Boerwinkle, E. (2009). Risk factor
correlates of platelet and leukocyte markers assessed by flow cytometry
in a population-based sample. Atherosclerosis 205, 272-278. doi: 10.1016/j.
atherosclerosis.2008.11.005

Gerdes, N, Seijkens, T., Lievens, D., Kuijpers, M. J., Winkels, H., Projahn, D., et al.
(2016). Platelet CD40 exacerbates atherosclerosis by transcellular activation of
endothelial cells and leukocytes. Arterioscler. Thromb. Vasc. Biol. 36, 482-490.
doi: 10.1161/ATVBAHA.115.307074

Gottesman, R. F., Coresh, J., Catellier, D. J., Sharrett, A. R., Rose, K. M.,
Coker, L. H,, et al. (2010). Blood pressure and white-matter disease progression
in a biethnic cohort: Atherosclerosis Risk in Communities (ARIC) study. Stroke
41, 3-8. doi: 10.1161/STROKEAHA.109.566992

Tadecola, C., and Gorelick, P. B. (2003). Converging pathogenic mechanisms in
vascular and neurodegenerative dementia. Stroke 34, 335-337. doi: 10.1161/01.
str.0000054050.51530.76

Jeerakathil, T., Wolf, P. A., Beiser, A., Massaro, J., Seshadri, S., D’Agostino, R. B.,
et al. (2004). Stroke risk profile predicts white matter hyperintensity volume:
the Framingham Study. Stroke 35, 1857-1861. doi: 10.1161/01.str.0000135226.
53499.85

Jellinger, K. A., and Attems, J. (2007). Neuropathological evaluation of mixed
dementia. J. Neurol. Sci. 257, 80-87. doi: 10.1016/j.jns.2007.01.045

King, S. M., McNamee, R. A,, Houng, A. K,, Patel, R., Brands, M., and Reed, G. L.
(2009). Platelet dense-granule secretion plays a critical role in thrombosis
and subsequent vascular remodeling in atherosclerotic mice. Circulation 120,
785-791. doi: 10.1161/CIRCULATIONAHA.108.845461

Knopman, D. S., Gottesman, R. F., Sharrett, A. R., Wruck, L. M., Windham, B. G.,
Coker, L., et al. (2016). Mild cognitive impairment and dementia
prevalence: the atherosclerosis risk in communities neurocognitive study
(ARIC-NCS). Alzheimers Dement. 2, 1-11. doi: 10.1016/j.dadm.2015.
12.002

Li, J., Wang, Y. J., Zhang, M., Xu, Z. Q., Gao, C. Y., Fang, C. Q,, et al. (2011).
Vascular risk factors promote conversion from mild cognitive impairment
to Alzheimer disease. Neurology 76, 1485-1491. doi: 10.1212/WNL.
0b013e318217e7a4

Lievens, D., Zernecke, A., Seijkens, T., Soehnlein, O., Beckers, L., Munnix, I. C,,
et al. (2010). Platelet CD40L mediates thrombotic and inflammatory processes

in atherosclerosis. Blood 116, 4317-4327. doi: 10.1182/blood-2010-01-
261206

Luchsinger, J. A., Reitz, C., Honig, L. S, Tang, M. X, Shea, S, and
Mayeux, R. (2005). Aggregation of vascular risk factors and risk of incident
Alzheimer disease. Neurology 65, 545-551. doi: 10.1212/01.WNL.0000172914.
08967.dc

Luzzi, S., Vella, L., Bartolini, M., Provinciali, L., and Silvestrini, M. (2010).
Atherosclerosis in the evolution of Alzheimer’s disease: can treatment reduce
cognitive decline? J. Alzheimers Dis. 20, 893-901. doi: 10.3233/JAD-2010-
091378

Marquardt, L., Ruf, A, Mansmann, U, Winter, R, Schuler, M.,
Buggle, F., et al. (2002). Course of platelet activation markers after
ischemic stroke. Stroke 33, 2570-2574. doi: 10.1161/01.str.0000034398.
34938.20

Meyer, M. L., Palta, P., Tanaka, H., Deal, J. A., Wright, J., Knopman, D. S,,
et al. (2017). Association of central arterial stiffness and pressure pulsatility
with mild cognitive impairment and dementia: the atherosclerosis risk in
communities study-neurocognitive study (ARIC-NCS). J. Alzheimers Dis. 57,
195-204. doi: 10.3233/JAD-161041

Mioshi, E., Dawson, K., Mitchell, J., Arnold, R., and Hodges, J. R. (2006). The
Addenbrooke’s cognitive examination revised (ACE-R): a brief cognitive test
battery for dementia screening. Int. J. Geriatr. Psychiatry 21, 1078-1085.
doi: 10.1002/gps.1610

Moon, J. H.,, Lim, S., Han, J. W., Kim, K. M., Choi, S. H., Park, K. S., et al. (2015).
Carotid intima-media thickness is associated with the progression of cognitive
impairment in older adults. Stroke 46, 1024-1030. doi: 10.1161/STROKEAHA.
114.008170

Murray, 1. V., Proza, J. F., Sohrabji, F., and Lawler, J. M. (2011).
Vascular and metabolic dysfunction in Alzheimer’s disease: a
review. Exp. Biol. Med. 236, 772-782. doi: 10.1258/ebm.2011.
010355

Nadar, S. K., Lip, G. Y., and Blann, A. D. (2004). Platelet morphology,
soluble P selectin and platelet P-selectin in acute ischaemic stroke.
The West Birmingham Stroke Project. Thromb. Haemost. 92, 1342-1348.
doi: 10.1160/th04-07-0433

Pantoni, L. (2010). Cerebral small vessel disease: from pathogenesis and
clinical characteristics to therapeutic challenges. Lancet Neurol. 9, 689-701.
doi: 10.1016/S1474-4422(10)70104-6

Petersen, R. C. (2004). Mild cognitive impairment as a diagnostic
entity. J. Intern. Med. 256, 183-194. doi: 10.1111/j.1365-2796.2004.
01388.x

Petersen, R. C., Caracciolo, B., Brayne, C., Gauthier, S., Jelic, V., and Fratiglioni, L.
(2014). Mild cognitive impairment: a concept in evolution. J. Intern. Med. 275,
214-228. doi: 10.1111/j0im.12190

Prati, P., Tosetto, A., Vanuzzo, D., Bader, G., Casaroli, M., Canciani, L.,
et al. (2008). Carotid intima media thickness and plaques can predict
the occurrence of ischemic cerebrovascular events. Stroke 39, 2470-2476.
doi: 10.1161/STROKEAHA.107.511584

Ruitenberg, A., den Heijer, T., Bakker, S. L., van Swieten, J. C., Koudstaal, P. J.,
Hofman, A., et al. (2005). Cerebral hypoperfusion and clinical onset of
dementia: the Rotterdam Study. Ann. Neurol. 57, 789-794. doi: 10.1002/ana.
20493

Silvestrini, M., Gobbi, B., Pasqualetti, P., Bartolini, M., Baruffaldi, R., Lanciotti, C.,
et al. (2009). Carotid atherosclerosis and cognitive decline in patients
with Alzheimer’s disease. Neurobiol. Aging 30, 1177-1183. doi: 10.1016/j.
neurobiolaging.2007.11.008

Steinhubl, S. R., Badimon, J. J., Bhatt, D. L., Herbert, J. M., and Liischer, T. F.
(2007). Clinical evidence for anti-inflammatory effects of antiplatelet
therapy in patients with atherothrombotic disease. Vasc. Med. 12, 113-122.
doi: 10.1177/1358863x07077462

Touboul, P. J., Hennerici, M. G., Meairs, S., Adams, H., Amarenco, P.,
Bornstein, N., et al. (2007). Mannheim carotid intima-media thickness
consensus (2004-2006). An update on behalf of the Advisory Board of
the 3rd and 4th Watching the Risk Symposium, 13th and 15th European
Stroke Conferences, Mannheim, Germany, 2004 and Brussels, Belgium, 2006.
Cerebrovasc. Dis. 23, 75-80. doi: 10.1159/000097034

Urbanova, B., Tomek, A., Mikulik, R., Magerova, H., Horinek, D., and Hort, J.
(2014). Neurosonological examination: a non-invasive approach for the

Frontiers in Aging Neuroscience | www.frontiersin.org

December 2017 | Volume 9 | Article 427


https://doi.org/10.1097/00002093-200307000-00010
https://doi.org/10.1097/00002093-200307000-00010
https://doi.org/10.1161/STROKEAHA.112.659722
https://doi.org/10.1093/epirev/mxn010
https://doi.org/10.1016/j.neurobiolaging.2017.02.005
https://doi.org/10.1016/j.neurobiolaging.2017.02.005
https://doi.org/10.1159/000285520
https://doi.org/10.1159/000285520
https://doi.org/10.1212/WNL.0000000000003837
https://doi.org/10.1212/WNL.0000000000003837
https://doi.org/10.1212/WNL.0b013e3181b59bf3
https://doi.org/10.3109/09537104.2016.1153619
https://doi.org/10.1016/j.atherosclerosis.2008.11.005
https://doi.org/10.1016/j.atherosclerosis.2008.11.005
https://doi.org/10.1161/ATVBAHA.115.307074
https://doi.org/10.1161/STROKEAHA.109.566992
https://doi.org/10.1161/01.str.0000054050.51530.76
https://doi.org/10.1161/01.str.0000054050.51530.76
https://doi.org/10.1161/01.str.0000135226.53499.85
https://doi.org/10.1161/01.str.0000135226.53499.85
https://doi.org/10.1016/j.jns.2007.01.045
https://doi.org/10.1161/CIRCULATIONAHA.108.845461
https://doi.org/10.1016/j.dadm.2015.12.002
https://doi.org/10.1016/j.dadm.2015.12.002
https://doi.org/10.1212/WNL.0b013e318217e7a4
https://doi.org/10.1212/WNL.0b013e318217e7a4
https://doi.org/10.1182/blood-2010-01-261206
https://doi.org/10.1182/blood-2010-01-261206
https://doi.org/10.1212/01.WNL.0000172914.08967.dc
https://doi.org/10.1212/01.WNL.0000172914.08967.dc
https://doi.org/10.3233/JAD-2010-091378
https://doi.org/10.3233/JAD-2010-091378
https://doi.org/10.1161/01.str.0000034398.34938.20
https://doi.org/10.1161/01.str.0000034398.34938.20
https://doi.org/10.3233/JAD-161041
https://doi.org/10.1002/gps.1610
https://doi.org/10.1161/STROKEAHA.114.008170
https://doi.org/10.1161/STROKEAHA.114.008170
https://doi.org/10.1258/ebm.2011.010355
https://doi.org/10.1258/ebm.2011.010355
https://doi.org/10.1160/th04-07-0433
https://doi.org/10.1016/S1474-4422(10)70104-6
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1111/j.1365-2796.2004.01388.x
https://doi.org/10.1111/joim.12190
https://doi.org/10.1161/STROKEAHA.107.511584
https://doi.org/10.1002/ana.20493
https://doi.org/10.1002/ana.20493
https://doi.org/10.1016/j.neurobiolaging.2007.11.008
https://doi.org/10.1016/j.neurobiolaging.2007.11.008
https://doi.org/10.1177/1358863x07077462
https://doi.org/10.1159/000097034
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles

Cho et al.

Blood Factors and Ultrasonography in MCl and Dementia

detection of cerebrovascular impairment in AD. Front. Behav. Neurosci. 8:4.
doi: 10.3389/fnbeh.2014.00004

Vermeer, S. E., Prins, N. D., den Heijer, T., Hofman, A., Koudstaal, P. J., and
Breteler, M. M. (2003). Silent brain infarcts and the risk of dementia and
cognitive decline. N. Engl. J. Med. 348, 1215-1222. doi: 10.1056/nejmoa022066

White, L. R., Edland, S. D., Hemmy, L. S., Montine, K. S., Zarow, C,
Sonnen, J. A, et al. (2016). Neuropathologic comorbidity and cognitive
impairment in the nun and honolulu-asia aging studies. Neurology 86,
1000-1008. doi: 10.1212/wnl.0000000000002480

Winblad, B., Palmer, K., Kivipelto, M., Jelic, V., Fratiglioni, L., Wahlund, L. O.,
et al. (2004). Mild cognitive impairment--beyond controversies, towards a
consensus: report of the International working group on mild cognitive
impairment. J. Intern. Med. 256, 240-246. doi: 10.1111/j.1365-2796.2004.
01380.x

Wu, Y. T, Beiser, A. S., Breteler, M. M. B., Fratiglioni, L., Helmer, C,
Hendrie, H. C., et al. (2017). The changing prevalence and incidence of
dementia over time - current evidence. Nat. Rev. Neurol. 13, 327-339.
doi: 10.1038/nrneurol.2017.63

Xiang, J., Zhang, T., Yang, Q. W., Liu, J., Chen, Y., Cui, M., et al. (2013).
Carotid artery atherosclerosis is correlated with cognitive impairment in an
elderly urban Chinese non-stroke population. J. Clin. Neurosci. 20, 1571-1575.
doi: 10.1016/j.jocn.2013.02.026

Yurkovetsky, Z. R., Linkov, F. Y., Malehorn, D. E., and Lokshin, A. E. (2006).
Multiple biomarker panels for early detection of ovarian cancer. Future Oncol.
2,733-741. doi: 10.2217/14796694.2.6.733

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2017 Cho, Kim and Kim. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Aging Neuroscience | www.frontiersin.org

December 2017 | Volume 9 | Article 427


https://doi.org/10.3389/fnbeh.2014.00004
https://doi.org/10.1056/nejmoa022066
https://doi.org/10.1212/wnl.0000000000002480
https://doi.org/10.1111/j.1365-2796.2004.01380.x
https://doi.org/10.1111/j.1365-2796.2004.01380.x
https://doi.org/10.1038/nrneurol.2017.63
https://doi.org/10.1016/j.jocn.2013.02.026
https://doi.org/10.2217/14796694.2.6.733
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/aging-neuroscience#articles

	Changes in Blood Factors and Ultrasound Findings in Mild Cognitive Impairment and Dementia
	INTRODUCTION
	MATERIALS AND METHODS
	Participants
	Ultrasonography
	Flow Cytometry
	Statistical Analysis

	RESULTS
	Clinical Characteristics and Ultrasound Findings of Control and Patient Groups
	Changes in Levels of Circulating Adhesion Blood Factors in Patients with MCI and Dementia
	Associations between Vessel Status and Circulating Blood Factors in Patients with Cognitive Decline

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING
	REFERENCES



