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Abstract

Background: Circulating progenitor cells (CPC) have been associated with memory function
and cognitive impairment in healthy adults. However, it is unclear whether such associations also
exist in patients with coronary artery disease (CAD).

Objective: To assess the association between CPCs and memory performance among individuals
with CAD.

Methods: We assessed cognitive function in 509 patients with CAD using the verbal and visual
Memory subtests of the Wechsler memory scale-1V and the Trail Making Test parts A and B.
CPCs were enumerated with flow cytometry as CD45Med/CD34+ blood mononuclear cells, those
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co-expressing other epitopes representing populations enriched for hematopoietic and endothelial
progenitors.

Results: After adjusting for demographic and cardiovascular risk factors, lower number of
endothelial progenitor cell counts were independently associated with lower visual and verbal
memory scores (p for all < 0.05). There was a significant interaction in the magnitude of

this association with race (p < 0.01), such that the association of verbal memory scores with
endothelial progenitor subsets was present in Black but not in non-Black participants. No
associations were present with the hematopoietic progenitor-enriched cells or with the Trail
Making Tests.

Conclusion: Lower numbers of circulating endothelial progenitor cells are associated with
cognitive impairment in patients with CAD, suggesting a protective effect of repair/regeneration
processes in the maintenance of cognitive status. Impairment of verbal memory function was more
strongly associated with lower CPC counts in Black compared to non-Black participants with
CAD. Whether strategies designed to improve regenerative capacity will improve cognition needs
further study.
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INTRODUCTION

Coronary artery disease (CAD) remains a major cause of death and disability worldwide.
Cognitive impairment is among the major comorbidities present in this group of patients

[1]. Patients with CAD or its risk factors have a greater degree of brain atrophy and
microvascular infarcts [2-4] that in turn are associated with memory impairment [2-5] and
frank dementia [6, 7]. Possible causes are small vessel microvascular disease [8, 9] and
impairments related to coronary bypass surgery and percutaneous coronary intervention
procedures [10, 11]. Reduction of cardiovascular risk factors is one preferred strategy for
reducing the rate of cognitive decline in this population [12]. However, identification of
other biological mechanisms and risk markers for early cognitive changes in these patients is
of significant interest.

Circulatory progenitor cells (CPCs) are mononuclear cells that originate primarily from the
bone marrow, which have the potential to differentiate into several lineages which promote
vascular repair and regeneration [13-16]. CPCs are frequently identified by the expression
of the CD34 hematopoietic stem cell marker (CD34+) [17, 18]. Co-expression of chemokine
(C-X-C motif) receptor 4 (CXCRA4) further characterizes CPCs with capacity to home

to areas of ischemia [19], cardiovascular or cerebrovascular injury where they promote
angiogenesis and neurogenesis [20-25]. Additional expression of vascular endothelial
growth factor receptor 2 (VEGFR2+) has been proposed to identify a subgroup of CD34+
cells enriched for endothelial progenitors [26]. Finally, cells expressing CD146 are also
enriched for endothelial progenitors and have been demonstrated to play a key role in
angiogenesis and vessel regeneration [27, 28].
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Lower CPC counts are associated with cardiovascular risk factors, higher cardiovascular
mortality [17, 24, 25, 29, 30], and cerebrovascular diseases including stroke and Alzheimer’s
disease [31-33]. CPC levels are considered to reflect reduced endogenous regenerative
capacity. These cells have also been shown to be elevated in obese children and to be
positively associated with cognitive function [34]. Previous studies in relatively small
numbers of subjects with Alzheimer’s disease or mild cognitive dysfunction have shown
relatively reduced levels of circulating progenitor cells [35], a relationship between lower
cell counts and worse memory function [31, 32] and higher cerebrospinal amyloid-p levels
[33]. However, others have shown higher number of CPCs in those with moderate to severe
dementia, but not in those with mild dementia when compared to healthy controls [36]. We
have previously demonstrated in otherwise healthy volunteers, associations between lower
CPC counts and greater cognitive decline [37]. However, the relationship between CPC
levels in relation to memory performance in CAD patients, a group at particularly high risk
for cognitive decline [5, 6], has not been previously studied.

The overall objective of the present study was to assess the association between CPCs

and memory performance among subjects with CAD. Our hypothesis was that lower CPC
counts, reflecting reduced regenerative capacity, would be linked to cognitive impairment in
this population.

METHODS
Study population

Between September 2011 and September 2014, patients with stable CAD were recruited
from Emory University affiliated hospitals as part of the Mental Stress Ischemia
Mechanisms and Prognosis Study (MIPS) as described elsewhere [38]. From a total number
of 659 patients enrolled in MIPS, data on CPC counts and memory function were available
in 509 patients, which were included in the current analysis. CAD was defined based on a
positive nuclear stress test, presence of angiographic atherosclerosis, or a history of prior
myocardial infarction or revascularization. Patients with a history of recent (less than 2
months) acute coronary syndrome or decompensated heart failure, end-stage renal disease,
systolic blood pressure >180 mm Hg or diastolic blood pressure >110 mm Hg on the day of
the test, or unstable psychiatric conditions including schizophrenia, psychotic depression,
or bipolar disorder, in the past year were excluded. Data regarding sociodemographic
characteristics, medical history, and medication history of all participants were collected
using standardized questionnaires, and clinical information was verified by medical record
review. The research protocol was approved by the Institutional Review Board, and all
participants provided informed consent (IRB00035540).

CPC measurements

Venous blood samples were collected after an overnight fast into EDTA tubes and processed
within 4h as previously described [17, 39]. CPCs were enumerated using flow cytometry

as CD45Med cells co-expressing CD34, CXCR4, VEGFR2, or CD146 epitopes [29, 40].

It has been shown that selection of cells that express low levels of CD45 (CD45Med)

helps eliminate lymphoblasts and non-hematopoietic progenitors including mesenchymal or
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osteoprogenitor cells, respectively [41]. For each sample, a total of 300 uL of peripheral
blood was incubated with the following fluorochrome-labeled monoclonal anti-human
mouse antibodies in the dark for 15 min: FITC-CD34 (BD Biosciences), PerCP-CD45
(BD Biosciences), PE-VEGF2 R (R&D system), and PE-Cy7-conjugated anti-CXCR4
(EBioscience, clone 12G5). This step was followed by adding 1.2 mL of staining medium
(PBS with 3% heat inactivated serum and 0.1% sodium azide) to stop the lysing reaction.
Samples were then centrifuged at 1500 rpm for 5 min and washed with PBS. Thereafter,
cells were mixed and run on flow cytometer (BD FACS Canto Il Flow Cytometer). Flow
data were analyzed with Flowjo software (Treestar, Inc). The absolute mononuclear cell
count was estimated using a Coulter ACT/Diff cell counter (Beckman Coulter), as the sum
of lymphocytes and monocytes. The number of CPCs were expressed as cells per micro liter

(uL).

Cognitive testing

All patients were administered four subtests from the Wechsler Memory Scale (WMS)

- Fourth Edition [42]. Specifically, we administered the Visual Reproduction subtests to
evaluate immediate and delayed visuospatial memory, and the Verbal Memory subtest

to evaluate immediate and delayed verbal declarative memory. For immediate recalls,
participants replicated a line drawing after viewing it for 10 s (immediate visual memory),

or recalled details of a short story immediately after it was read to them (immediate verbal
memory). For delayed recall subsets, recall was probed 20 min after the immediate condition
with different pictures and stories. Scores were given from 1 to 20 on the accuracy of

the drawn lines or retelling of the story. Memory consolidation was calculated as the

ratio of delayed to immediate recall scores multiplied by 100, to express the percentage

of retained memory (percent retention). The term consolidation used in this paper is

derived from the field of cognitive psychology and refers to the aftermath of the encoding
period when memories are strengthened or eliminated. Immediate recall on the WMS is

a combined measure of attention and memory while delayed recall and percent retention
measure memory consolidation, or the ability to retain information once learned. Verbal
declarative memory consolidation as measured with the WMS had been correlated with
neuronal number in the hippocampus in patients with epilepsy undergoing surgical treatment
for their disorder [43, 44]. A higher score in verbal and logical memory scales indicates a
better cognitive function.

The Trail Making Test parts A and B was also administered to test attention and executive
function, respectively [45]. Briefly, Trail-A requires an individual to draw lines sequentially
connecting 25 encircled numbers distributed on a sheet of paper, whereas the more complex
Trail-B requires rapidly switching between numbers and letters. The score on each part
represents the amount of time (in min) required to complete the task. Lower scores on the
Trail-A and B tests indicate better cognitive function.

Statistical analysis

Continuous variables are presented as means (SD) and categorical variables as proportions
(%). Linear regression analysis was used to determine the bivariate association between
memory scores and baseline demographics, cardiovascular risk factors, and CPC counts.
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Multivariable regression models were constructed to explore the independent association
between log-transformed CPC levels and memory scores (outcome variable). Since CPC
values were not-normally distributed, the base-2 logarithm transformation was used for
regression analysis. The p coefficient of 1 in this analysis can be therefore interpreted as
every unit increase in each memory score corresponding to a doubling of CPC counts.

All models were adjusted for demographic factors (age, sex, race/ethnicity, education), and
cardiovascular risk factors and comorbidities (body mass index, glomerular filtration rate,
hypertension, obesity, hyperlipidemia, diabetes, smoking, previous myocardial infarction,
previous coronary artery bypass grafting, presence of angiographic atherosclerosis, left
ventricular ejection fraction, history of a positive stress test, of heart failure, and of atrial
fibrillation). Sensitivity analyses were conducted for each memory subtest and according
to patients’ sex, age (<60 and =60 years), and race/ethnicity after adjusting for the same
characteristics, and interaction effects were tested. All analyses were conducted using Stata
14 (StataCorp., College Station, Texas). As a result of multiple testing, a p-value of <0.0125
(0.05/4) was considered statistically significant.

The baseline characteristics of the sample are shown in Table 1. The mean age was 62
years, 71% were male, and 32% Black. The most common comorbidity was history of
dyslipidemia, followed by obesity and hypertension (Table 1). On bivariate analysis, the
CD34+ and CD34+ CXCR4+ subsets were positively associated with male gender and
glomerular filtration rate, and inversely associated with older age and black race (Table 2).
The CD34+/VEGFR2+ subset was associated with the presence of atrial fibrillation, while
the CD34+/CD146+ subset was associated with angiographic evidence of atherosclerosis
(Table 2).

Circulating progenitor cells and memory

Bivariate associations between memory tests and CPC counts are shown in Table 2. No
significant association (at p < 0.012) was found between CD34+ and CD34+/CXCR4+
subsets and any of the memory domains. However, CPC subsets expressing the endothelial
markers VEGFR2 or CD146 were positively associated with higher memory performance in
both visual and verbal memory domains (Table 2). As shown in Table 3, after adjusting for
demographic factors, cardiovascular risk factors and comorbidities, presence of angiographic
atherosclerosis, history of positive stress test, and left ventricular ejection fraction, the
CD34+/CD146+ subgroup was independently associated with visual and logical memory
tests, both for immediate and delayed memory, while the CD34+/VEGFR2+ subset was
found to be independently associated with delayed visual memory test (Table 3). There were
no associations between CPC subsets with attention and executive function (trail making
test). For every unit increase in CD34+/VEGFR2+ and CD34+/CD146+ cells, the delayed
visual memory increased by 1.3 and 3.1 units, respectively.

Sensitivity analysis

Formal analysis of interaction produced little evidence of significant heterogeneity, except
for race and both CD34+/VEGFR2+ and CD34+/CD146+ subsets (p <0.01). As shown
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in Table 4, after adjusting for age, sex, and education levels, CD34+/VEGFR2+ counts
showed strong positive associations with delayed verbal memory among Blacks, but was
weaker among non-Blacks (Table 4). Similar results were observed for the CD34+ CD146+
subgroup. Additional adjustments for the aforementioned comorbidities did not change the
results.

DISCUSSION

To our knowledge, the present study is the first to show that lower counts of CPC

subsets enriched for endothelial progenitors (VEGFR2 and CD146) are associated with
worse memory performance and cognitive impairment in patients with CAD. Lower levels
of circulating endothelial progenitor cells were associated with poorer verbal and visual
memory, even after adjusting for demographic and cardiovascular risk factors. For the verbal
memory domain, these observations were most robust in Black patients.

Small previous studies have shown that patients with either mild cognitive impairment or
dementia have shown lower CPC counts compared to control populations [31-33, 35]. A
previous longitudinal study of predominantly healthy employees from our group revealed
protective effects of higher hematopoietic CPC against the risk of cognitive decline in

the executive function and working memory domains during a 4-year follow-up period
[37]. Results from experimental studies have also shown that transplantation of endothelial
enriched progenitor cells improves memory impairment and outcomes in rodent models
of Alzheimer’s disease and stroke, respectively [20-23, 37]. However, no prior study has
investigated the link between CPCs and memory function of patients with CAD. Our results
expand upon the previous literature by suggesting a protective role of higher endothelial
CPC counts against memory loss in participants with CAD.

Endothelial progenitor cells have shown to play important roles in reestablishing the
endothelial integrity of vessels in animal models by promoting focal angiogenesis and
neurogenesis [46, 47]. Accumulating evidence suggests that vascular dysfunction plays an
important role in the development and progression of cognitive impairment and Alzheimer’s
disease [48, 49]. Accumulation of abnormal amyloid-p has shown to be toxic to the vascular
endothelium /n vitro, causing destruction of the neurovascular units, inducing blood-brain
barrier permeability, and eventually leading to accelerated cell senescence and death [50,
51]. Therefore, endothelial progenitor cells can improve cognitive performance by restoring
the integrity of the vascular endothelium and preventing neuronal loss.

In the present study, while both visual and verbal memory subtests were linked to CPC
counts, no associations were found for Trail Making Test A or B. The Trail Making Tests are
measures of executive functioning, mental flexibility, and psychomotor speed, rather than
declarative memory function [52]. Anatomically, executive functions are associated with
activation in the dorsolateral and medial prefrontal cortex (including supplementary motor
area/dorsal anterior cingulate), and the parietal cortex, areas which are also activated during
Trail Making Tests [53, 54]. In contrast, visual and verbal memory have been more strongly
related with structures of the medial temporal lobe with known involvement in memory
function, especially the hippocampal formation and the entorhinal cortex [55, 56]. Larger
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hippocampal and entorhinal volumes have been related to better memory performance
among healthy adults [57, 58], and loss of neurons in the hippocampus was correlated with
impairments in verbal declarative memory consolidation as measured with the Wechsler
Memory Scale [43, 44].

There are several possible explanations for the association between CPCs and memory
function but not attention/executive function in this study. CPCs may be a proxy for or
co-vary with precursor cells in the brain that are primarily located in the hippocampus,
which is known from multiple lines of evidence to play a critical role in verbal declarative
memory. Studies have demonstrated that neurogenesis continues to occur in the adult human
hippocampus [59-61]. Hippocampal neurogenesis is susceptible to environmental effects,
and stress and deprived environments can result in decreased neurogenesis [61-65], while
enriched environment and even physical activity have shown to promote neurogenesis in
animal models [60, 66]. Positive correlations have been reported between CD34+ cell counts
and hippocampal perfusion [67-69], which can indicate potential relationships between CPC
counts and both function and structure of the hippocampus [35]. However which subset of
CPCs are associated with hippocampal function, requires further exploration

In our study, Black patients showed stronger correlations between the delayed and
percentage of the retained logical memory and both VEGFR2+ and CD146+ CPC subsets. It
has previously been shown that Black subjects have lower numbers of all subtypes of CPCs
compared to non-Blacks, which may partly account for their increased risk of cardiovascular
disease [70]. This could be partly related to lower levels of matrix metalloproteinases-9
(MMP-9) levels in Black individuals [70]. MMP-9 is a chemokine that plays an important
role in releasing CPCs from the bone marrow into the peripheral circulation [71]. While

the reasons for these differences are poorly understood, our findings suggest that a lower
endothelial regenerative capacity in Blacks may make them more susceptible to memory
impairment.

Strengths of our study include the relatively large sample of CAD patients, the use of
state-of-the-art methods for quantification of CPCs, exploration of a wide range of CPC
subpopulations, and multi-domain assessment of cognition. Limitations include the cross-
sectional nature of the study which precludes any determination of causality between the
CPC counts and memory impairment. Despite these caveats, our study contributes important
new data supporting a relationship between endothelial-enriched CPCs and memory function
among patients with CAD.

In conclusion, our findings indicate that lower levels of CPCs enriched for endothelial
progenitors are associated with impairments in the visual and verbal memory domains,
suggesting a potential role for reduced regenerative capacity in the circulatory system and
neurocognitive aging in individuals with CAD. These findings have important clinical
implications, as they point to the potential importance of therapeutic approaches that
enhance endogenous regenerative capacity in the vasculature in order to mitigate the
progression of cognitive decline in those at risk.

J Alzheimers Dis. Author manuscript; available in PMC 2021 August 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moazzami et al.

Page 8

ACKNOWLEDGMENTS

This work was supported by the NIH through the following grants: P01 HL101398, R01 HL109413, R01
HL109413-02S1, R01 HL125246, K24 HLO77506, K24 MH076955, UL1 TR000454, KL2 TR000455, K23
HL127251, and T32 HL130025.

REFERENCES

[1]. Breteler MM, Claus JJ, Grobbee DE, Hofman A (1994) Cardiovascular disease and distribution
of cognitive function in elderly people: The Rotterdam Study. BMJ 308, 1604-1608. [PubMed:
8025427]

[2]. Geerlings MI, Appelman AP, Vincken KL, Mali WP, van der Graaf Y, SMART Study Group
(2009) Association of white matter lesions and lacunar infarcts with executive functioning: the
SMART-MR study. Am J Epidemiol 170, 1147-1155. [PubMed: 19783584]

[3]. Ikram MA, Vrooman HA, Vernooij MW, van der Lijn F, Hofman A, van der Lugt A, Niessen WJ,
Breteler MM (2008) Brain tissue volumes in the general elderly population. The Rotterdam Scan
Study. Neurobiol Aging 29, 882-890. [PubMed: 17239994]

[4]. Vidal JS, Sigurdsson S, Jonsdottir MK, Eiriksdottir G, Thorgeirsson G, Kjartansson O, Garcia
ME, van Buchem MA, Harris TB, Gudnason V, Launer LJ (2010) Coronary artery calcium, brain
function and structure: The AGES-Reykjavik Study. Stroke 41, 891-897. [PubMed: 20360538]

[5]. Roberts RO, Knopman DS, Geda YE, Cha RH, Roger VL, Petersen RC (2010) Coronary heart
disease is associated with non-amnestic mild cognitive impairment. Neurobiol Aging 31, 1894—
1902. [PubMed: 19091445]

[6]. van Qijen M, de Jong FJ, Witteman JC, Hofman A, Koudstaal PJ, Breteler MM (2007)
Atherosclerosis and risk for dementia. Ann Neurol 61, 403-410. [PubMed: 17328068]

[7]. Gottesman RF, Albert MS, Alonso A, Coker LH, Coresh J, Davis SM, Deal JA, McKhann
GM, Mosley TH, Sharrett AR, Schneider ALC, Windham BG, Wruck LM, Knopman DS
(2017) Associations between midlife vascular risk factors and 25-year incident dementia in the
Atherosclerosis Risk in Communities (ARIC) Cohort. JAMA Neurol 74, 1246-1254. [PubMed:
28783817]

[8]. Salloway S, Malloy P, Kohn R (1996) MRI and neuropsychological differences in early- and
late-life-onset geriatric depression. Neurology 46, 1567-1574. [PubMed: 8649550]

[9]. Steffens DC, Krishnan KRR (1998) Structural neuroimaging and mood disorders: Recent findings,
implications for classification, and future directions. Biol Psychiatry 43, 705-712. [PubMed:
9606523]

[10]. Jenkins CD, Stanton B, Jono RT (1994) Quantifying and predicting recovery after heart surgery.
Psychosom Med 56, 203-212. [PubMed: 8084965]

[11]. Roach GW, Kanchuger M, Mangano CM, Newman M, Nussmeier N, Wolman R, Aggarwal
A, Marschall K, Graham SH, Ley C (1996) Adverse cerebral outcomes after coronary bypass
surgery. Multicenter Study of Perioperative Ischemia Research Group and the Ischemia Research
and Education Foundation Investigators. N Engl J Med 335, 1857-1863. [PubMed: 8948560]

[12]. Baumgart M, Snyder HM, Carrillo MC, Fazio S, Kim H, Johns H (2015) Summary of the
evidence on modifiable risk factors for cognitive decline and dementia: A population-based
perspective. Alzheimers Dement 11, 718-726. [PubMed: 26045020]

[13]. Asahara T, Masuda H, Takahashi T, Kalka C, Pastore C, Silver M, Kearne M, Magner M,

Isner JM (1999) Bone marrow origin of endothelial progenitor cells responsible for postnatal
vasculogenesis in physiological and pathological neovascularization. Circ Res 85, 221-228.
[PubMed: 10436164]

[14]. Lin Y, Weisdorf DJ, Solovey A, Hebbel RP (2000) Origins of circulating endothelial cells and
endothelial outgrowth from blood. J Clin Invest 105, 71-77. [PubMed: 10619863]

[15]. Asahara T, Murohara T, Sullivan A, Silver M, van der Zee R, Li T, Witzenbichler B, Schatteman
G, Isner JM (1997) Isolation of putative progenitor endothelial cells for angiogenesis. Science
275, 964-967. [PubMed: 9020076]

J Alzheimers Dis. Author manuscript; available in PMC 2021 August 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moazzami et al.

Page 9

[16]. Urbich C, Dimmeler S (2004) Endothelial progenitor cells: Characterization and role in vascular

biology. Circ Res 95, 343-353. [PubMed: 15321944]

[17]. Patel RS, Li Q, Ghasemzadeh N, Eapen DJ, Moss LD, Janjua AU, Manocha P, Kassem HA,

Veledar E, Samady H, Taylor WR, Zafari AM, Sperling L, Vaccarino V, Waller EK, Quyyumi
AA (2015) Circulating CD34+progenitor cells and risk of mortality in a population with coronary
artery disease. Circ Res 116, 289-297. [PubMed: 25323857]

[18]. Gehling UM, Ergun S, Schumacher U, Wagener C, Pantel K, Otte M, Schuch G, Schafhausen P,

Mende T, Kilic N, Kluge K, Schafer B, Hossfeld DK, Fiedler W (2000) In vitro differentiation
of endothelial cells from AC133-positive progenitor cells. Blood 95, 3106-3112. [PubMed:
10807776]

[19]. Seeger FH, Rasper T, Koyanagi M, Fox H, Zeiher AM, Dimmeler S (2009) CXCR4 expression

determines functional activity of bone marrow-derived mononuclear cells for therapeutic
neovascularization in acute ischemia. Arterioscler Thromb Vasc Biol 29, 1802-1809. [PubMed:
19696399]

[20]. Wang P, Xie ZH, Guo YJ, Zhao CP, Jiang H, Song Y, Zhu ZY, Lai C, Xu SL, Bi JZ

(2011) VEGF-induced angiogenesis ameliorates the memory impairment in APP transgenic
mouse model of Alzheimer’s disease. Biochem Biophys Res Commun 411, 620-626. [PubMed:
21771586]

[21]. Hao Q, Su H, Palmer D, Sun B, Gao P, Yang GY, Young WL (2011) Bone marrow-derived cells

contribute to vascular endothelial growth factor-induced angiogenesis in the adult mouse brain by
supplying matrix metalloproteinase-9. Stroke 42, 453-458. [PubMed: 21164138]

[22]. Fan Y, Shen F, Frenzel T, Zhu W, Ye J, Liu J, Chen Y, Su H, Young WL, Yang GY (2010)

Endothelial progenitor cell transplantation improves long-term stroke outcome in mice. Ann
Neurol 67, 488-497. [PubMed: 20437584]

[23]. Shen Q, Goderie SK, Jin L, Karanth N, Sun Y, Abramova N, Vincent P, Pumiglia K, Temple

S (2004) Endothelial cells stimulate self-renewal and expand neurogenesis of neural stem cells.
Science 304, 1338-1340. [PubMed: 15060285]

[24]. Samman Tahhan A, Hammadah M, Raad M, Almuwaqqat Z, Alkhoder A, Sandesara PB,

Mohamed-Kelli H, Hayek SS, Kim JH, O’Neal WT, Topel ML, Grant AJ, Sabbak N, Heinl

RE, Gafeer MM, Obideen M, Kaseer B, Abdelhadi N, Ko YA, Liu C, Hesaroieh |, Mahar EA,
Vaccarino V, Waller EK, Quyyumi AA (2018) Progenitor cells and clinical outcomes in patients
with acute coronary syndromes. Circ Res 122, 1565-1575. [PubMed: 29514830]

[25]. Werner N, Kosiol S, Schiegl T, Ahlers P, Walenta K, Link A, Bohm M, Nickenig G (2005)

Circulating endothelial progenitor cells and cardiovascular outcomes. N Engl J Med 353, 999—
1007. [PubMed: 16148285]

[26]. Fadini GP, Losordo D, Dimmeler S (2012) Critical reevaluation of endothelial progenitor cell

phenotypes for therapeutic and diagnostic use. Circ Res 110, 624-637. [PubMed: 22343557]

[27]. Kebir A, Harhouri K, Guillet B, Liu JW, Foucault-Bertaud A, Lamy E, Kaspi E, Elganfoud N,

Vely F, Sabatier F, Sampol J, Pisano P, Kruithof EK, Bardin N, Dignat-George F, Blot-Chabaud
M (2010) CD146 short isoform increases the proangiogenic potential of endothelial progenitor
cells in vitro and in vivo. Circ Res 107, 66—75. [PubMed: 20448216]

[28]. Wang Z, Yan X (2013) CD146, a multi-functional molecule beyond adhesion. Cancer Lett 330,

150-162. [PubMed: 23266426]

[29]. Roura S, Galvez-Monton C, Fernandez MA, Lupon J, Bayes-Genis A (2016) Circulating

endothelial progenitor cells: potential biomarkers for idiopathic dilated cardiomyopathy. J
Cardiovasc Transl Res 9, 80-84. [PubMed: 26739321]

[30]. Hammadah M, Al Mheid I, Wilmot K, Ramadan R, Abdelhadi N, Alkhoder A, Obideen M,

Pimple PM, Levantsevych O, Kelli HM, Shah A, Sun YV, Pearce B, Kutner M, Long Q, Ward
L, Ko YA, Hosny Mohammed K, Lin J, Zhao J, Bremner JD, Kim J, Waller EK, Raggi P,
Sheps D, Quyyumi AA, Vaccarino V (2017) Telomere shortening, regenerative capacity, and
cardiovascular outcomes. Circ Res 120, 1130-1138. [PubMed: 27956416]

[31]. Lee ST, Chu K, Jung KH, Park HK, Kim DH, Bahn JJ, Kim JH, Oh MJ, Lee SK, Kim M, Roh

JK (2009) Reduced circulating angiogenic cells in Alzheimer disease. Neurology 72, 1858-1863.
[PubMed: 19470969]

J Alzheimers Dis. Author manuscript; available in PMC 2021 August 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moazzami et al.

Page 10

[32]. Kong XD, Zhang Y, Liu L, Sun N, Zhang MY, Zhang JN (2011) Endothelial progenitor cells with

Alzheimer’s disease. Chin Med J (Engl) 124, 901-906. [PubMed: 21518600]

[33]. Maler JM, Spitzer P, Lewczuk P, Kornhuber J, Herrmann M, Wiltfang J (2006) Decreased

circulating CD34+stem cells in early Alzheimer’s disease: Evidence for a deficient hematopoietic
brain support? Mol Psychiatry 11, 1113-1115. [PubMed: 17033629]

[34]. Niemiro GM, Raine LB, Khan NA, Emmons R, Little J, Kramer AF, Hillman CH, De Lisio

M (2016) Circulating progenitor cells are positively associated with cognitive function among
overweight/obese children. Brain Behav Immun 57, 47-52. [PubMed: 27132057]

[35]. Nation DA, Tan A, Dutt S, Mclintosh EC, Yew B, Ho JK, Blanken AE, Jang JY, Rodgers

KE, Gaubert A (2018) Circulating progenitor cells correlate with memory, posterior cortical
thickness, and hippocampal perfusion. J Alzheimers Dis 61, 91-101. [PubMed: 29103037]

[36]. Stellos K, Panagiota V, Sachsenmaier S, Trunk T, Straten G, Leyhe T, Seizer P, Geisler T, Gawaz

M, Laske C (2010) Increased circulating progenitor cells in Alzheimer’s disease patients with
moderate to severe dementia: evidence for vascular repair and tissue regeneration? J Alzheimers
Dis 19, 591-600. [PubMed: 20110604]

[37]. Hajjar 1, Goldstein FC, Waller EK, Moss LD, Quyyumi A (2016) Circulating progenitor cells is

linked to cognitive decline in healthy adults. Am J Med Sci 351, 147-152. [PubMed: 26897269]

[38]. Hammadah M, Al Mheid I, Wilmot K, Ramadan R, Shah AJ, Sun Y, Pearce B, Garcia EV, Kutner

M, Bremner JD, Esteves F, Raggi P, Sheps DS, Vaccarino V, Quyyumi AA (2017) The Mental
Stress Ischemia Prognosis Study: Objectives, study design, and prevalence of inducible ischemia.
Psychosom Med 79, 311-317. [PubMed: 28002382]

[39]. Mahar EA, Mou L, Hayek SS, Quyyumi AA, Waller EK (2017) Flow cytometric data analysis of

circulating progenitor cell stability. Data Brief 10, 346-348. [PubMed: 28004026]

[40]. Topel ML, Hayek SS, Ko YA, Sandesara PB, Samman Tahhan A, Hesaroieh I, Mahar E, Martin

GS, Waller EK, Quyyumi AA (2017) Sex differences in circulating progenitor cells. J Am Heart
Assoc 6, e006245. [PubMed: 28974500]

[41]. Modder Ul, Roforth MM, Nicks KM, Peterson JM, McCready LK, Monroe DG, Khosla S (2012)

Characterization of mesenchymal progenitor cells isolated from human bone marrow by negative
selection. Bone 50, 804-810. [PubMed: 22226689]

[42]. Hoelzle JB, Nelson NW, Smith CA (2011) Comparison of Wechsler Memory Scale-Fourth

Edition (WMS-1V) and Third Edition (WMS-I11) dimensional structures: Improved ability to
evaluate auditory and visual constructs. J Clin Exp Neuropsychol 33, 283-291. [PubMed:
20924914]

[43]. Sass KJ, Buchanan CP, Kraemer S, Westerveld M, Kim JH, Spencer DD (1995) Verbal memory

impairment resulting from hippocampal neuron loss among epileptic patients with structural
lesions. Neurology 45, 2154-2158. [PubMed: 8848184]

[44]. Sass KJ, Spencer DD, Kim JH, Westerveld M, Novelly RA, Lencz T (1990) Verbal memory

impairment correlates with hippocampal pyramidal cell density. Neurology 40, 1694-1697.
[PubMed: 2234424]

[45]. Filskov SB, Goldstein SG (1974) Diagnostic validity of the Halstead-Reitan neuropsychological

battery. J Consult Clin Psychol 42, 382—-388. [PubMed: 4844966]

[46]. Huang XT, Zhang YQ, Li SJ, Li SH, Tang Q, Wang ZT, Dong JF, Zhang JN (2013)

Intracerebroventricular transplantation of ex vivo expanded endothelial colony-forming cells
restores blood-brain barrier integrity and promotes angiogenesis of mice with traumatic brain
injury. J Neurotrauma 30, 2080-2088. [PubMed: 23957220]

[47]. Guo XB, Deng X, Wei Y (2017) Homing of cultured endothelial progenitor cells and their effect

on traumatic brain injury in rat model. Sci Rep 7, 4164. [PubMed: 28646184]

[48]. Joo IL, Lai AY, Bazzigaluppi P, Koletar MM, Dorr A, Brown ME, Thomason LA, Sled JG,

McLaurin J, Stefanovic B (2017) Early neurovascular dysfunction in a transgenic rat model of
Alzheimer’s disease. Sci Rep 7, 46427. [PubMed: 28401931]

[49]. Li J, Wang YJ, Zhang M, Xu ZQ, Gao CY, Fang CQ, Yan JC, Zhou HD, Chongging Ageing

Study G (2011) Vascular risk factors promote conversion from mild cognitive impairment to
Alzheimer disease. Neurology 76, 1485-1491. [PubMed: 21490316]

J Alzheimers Dis. Author manuscript; available in PMC 2021 August 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moazzami et al.

[50].

[51].

[52].

[53].

Page 11

Fonseca AC, Ferreiro E, Oliveira CR, Cardoso SM, Pereira CF (2013) Activation of the
endoplasmic reticulum stress response by the amyloid-beta 1-40 peptide in brain endothelial
cells. Biochim Biophys Acta 1832, 2191-2203. [PubMed: 23994613]

Deli MA, Veszelka S, Csiszar B, Toth A, Kittel A, Csete M, Sipos A, Szalai A, Fulop L,

Penke B, Abraham CS, Niwa M (2010) Protection of the blood-brain barrier by pentosan against
amyloid-beta-induced toxicity. J Alzheimers Dis 22, 777-794. [PubMed: 20847411]

Bowie CR, Harvey PD (2006) Administration and interpretation of the Trail Making Test. Nat
Protoc 1, 2277-2281. [PubMed: 17406468]

Moll J, de Oliveira-Souza R, Moll FT, Bramati IE, Andreiuolo PA (2002) The cerebral correlates
of set-shifting: an fMRI study of the trail making test. Arq Neuropsiquiatr 60, 900-905.
[PubMed: 12563376]

[54]. Zakzanis KK, Mraz R, Graham SJ (2005) An fMRI study of the Trail Making Test.

[55].

[56].

[57].

[58].

[59].

[60].
[61].
[62].
[63].

[64].

[65].

[66].

[67].

[68].

[69].

[70].

Neuropsychologia 43, 1878-1886. [PubMed: 16168730]

Geinisman Y, Detoledo-Morrell L, Morrell F, Heller RE (1995) Hippocampal markers of age-
related memory dysfunction: behavioral, electrophysiological and morphological perspectives.
Prog Neurobiol 45, 223-252. [PubMed: 7777673]

de Toledo-Morrell L, Goncharova I, Dickerson B, Wilson RS, Bennett DA (2000) From healthy
aging to early Alzheimer’s disease: In vivo detection of entorhinal cortex atrophy. Ann N 'Y Acad
Sci 911, 240-253. [PubMed: 10911878]

Ezzati A, Katz MJ, Zammit AR, Lipton ML, Zimmerman ME, Sliwinski MJ, Lipton RB (2016)
Differential association of left and right hippocampal volumes with verbal episodic and spatial
memory in older adults. Neuropsychologia 93, 380-385. [PubMed: 27542320]

Hackert VH, den Heijer T, Oudkerk M, Koudstaal PJ, Hofman A, Breteler MM (2002)
Hippocampal head size associated with verbal memory performance in nondemented elderly.
Neuroimage 17, 1365-1372. [PubMed: 12414276]

Eriksson PS, Perfilieva E, Bjork-Eriksson T, Alborn AM, Nordborg C, Peterson DA, Gage

FH (1998) Neurogenesis in the adult human hippocampus. Nat Med 4, 1313-1317. [PubMed:
9809557]

Kempermann G, Kuhn HG, Gage FH (1997) More hippocampal neurons in adult mice living in
an enriched environment. Nature 386, 493-495. [PubMed: 9087407]

Kempermann G, Kuhn HG, Gage FH (1998) Experience-induced neurogenesis in the senescent
dentate gyrus. J Neurosci 18, 3206—-3212. [PubMed: 9547229]

Duman RS (2004) Depression: A case of neuronal life and death? Biol Psychiatry 56, 140-145.
[PubMed: 15271581]

Duman RS, Malberg JE, Nakagawa S (2001) Regulation of adult neurogenesis by psychotropic
drugs and stress. J Pharmacol Exp Ther 299, 401-407. [PubMed: 11602648]

Tanapat P, Hastings NB, Rydel TA, Galea LA, Gould E (2001) Exposure to fox odor inhibits cell
proliferation in the hippocampus of adult rats via an adrenal hormone-dependent mechanism. J
Comp Neurol 437, 496-504. [PubMed: 11503148]

van der Beek EM, Wiegant VM, Schouten WGP, van Eerdenburg FJICM, Loijens LWS, van der
Plas C, Benning MA, de Vries H, de Kloet ER, Lucassen PJ (2004) Neuronal number, volume,
and apoptosis of the left dentate gyrus of chronically stressed pigs correlate negatively with basal
saliva cortisol levels. Hippocampus 14, 688-700. [PubMed: 15318328]

van Praag H, Kempermann G, Gage FH (1999) Running increases cell proliferation and
neurogenesis in the adult mouse dentate gyrus. Nat Neurosci 2, 266-270. [PubMed: 10195220]
Jacobs BL (2002) Adult brain neurogenesis and depression. Brain Behav Immunity 16, 602—-609.
Diamond DM, Fleshner M, Ingersoll N, Rose GM (1996) Psychological stress impairs spatial
working memory: Relevance to electrophysiological studies of hippocampal function. Behav
Neurosci 110, 661-672. [PubMed: 8864259]

D’Sa C, Duman RS (2002) Antidepressants and neuroplasticity. Bipolar Disord 4, 183-194.
[PubMed: 12180273]

Samman-Tahhan AS, Hammadah M, Kelli HM, Kim JH, Sandesara PB, Alkhoder A, Kaseer

B, Gafeer MM, Topel ML, Hayek SS, O’Neal WT, Obideen M, Ko YA, Liu C, Hesaroieh

I, Mahar EA, Vaccarino V, Waller EK, Quyyumi AA (2018) Circulating progenitor cells and

J Alzheimers Dis. Author manuscript; available in PMC 2021 August 26.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Moazzami et al.

Page 12

racial differences: a possible contribution to health disparity. Circ Res 123, 467-476. [PubMed:
29930146]

[71]. Klein G, Schmal O, Aicher WK (2015) Matrix metalloproteinases in stem cell mobilization.
Matrix Biol 44-46, 175-183. [PubMed: 25617493]

J Alzheimers Dis. Author manuscript; available in PMC 2021 August 26.



Page 13

Moazzami et al.

(8) o1 +9¥1A0/+7€AD
(6) et +2449IN+VEAD
(t22) 298 +y4OXO/+7£AD
(zovT) 2L6T +7€d0
(@as) ueaw ‘(wys|1a9) sUN0I |99 Joyuaboud BunenaiD
(T'6¥) 052 s10)1qIyul aWwAzua Bu1IaAu0-UIsUBI0IBUY
(8'98) L&V suels
(e'5L) z8¢ 1a001g-9
(7'v8) ocy udsy
(%) N ‘suonealpain
(19) v (as) ‘a109s Aianas a1ydelboibue 1UISUSS) UBN
@11 (401) sewdMe Aleuolod pasessip JO Jaquinu ueIpay
(t1) o€ (@s) ‘uonoely uonaale JeNdLIUBA Ya| UBIIN
(z1E) 876 (@s) (urwyw) ayes uorren|y sejnidwolh uesiy
(0'5) 9'6¢ (@s) xaput ssew Apoq ueajn
(sv) ee (%) N ‘uonejuqy ey
(0es) 0L¢ (%) N ‘1591 ssa.1s aAnIsod Jo aduasald
(T'e1) TE (%) N ‘s1souajasolayie alydesboibue Jo souasald
(9°9¢) 987 (%) N ‘uonoueyul [e1psesoAuwl 4o AIoisiH
(T°e1) L9 (%) N ‘ain|rey Leay Jo AI0ISIH
(9'1€) TOT (%) N ‘snujjaw sajegelq
(2'82) Tov (%) N ‘uoisusiiadAH
(6'08) z1¥ (%) N ‘Ansaqo
(0'v8) 82 (%) N “elwapidisAq

AI01SIH [ed1paiN

(e) st (as) A ‘uoneanp3

(2'12) s9¢ (%) N "aren

(z6)29 (as) A ‘abe uesiy
(605) swuaned |IV solydesBowsq

(605 = N) uonejndod Apnis ayi Jo onsiIg1oRIRYD BUljaseg
T 3lqelL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2021 August 26.



Page 14

Moazzami et al.

‘uonouny

aA11IuUbod JaY1aq 83eJIPU SIS8) g PUB \-|IBJ1 U} UO S8103S JBMO] 3]IYM ‘Uorduny aAInubod Jsnag e sejedlpul safedas Alowsw [eda1bo] pue [eqan Ul 8109s Jaybiy v "(0S wnwixew ‘0z wnwiuiw) g-jredl ‘(#91
wnwixew ‘GT wnwiuiw) -jed] ‘(00T Wnwixew ‘0 WnWiuiw) uolep1josuod uononpoiday [ensiA ‘(6T Wnwixew ‘0 wnwiuiw) uononpoiday [ensiA paAelaq ‘(0z wnwixew ‘0 wnwiuiw) uononpoiday
[ensiA ajeipaw] ‘(00T WNWIXew ‘0 WNWIUIW) uolyep|osuod AIOWaIN [egJaA ‘(0Z wnwixew ‘7'z wnwiuiw) AIowsA [egai pakejaq ‘(0z WnwixXew ‘T-g wnwiuiw) AIOWs [egqiai arelpawiw|

Author Manuscript

(6v) T0T (s) g-1reat
(61) 2v (S) v-telL
(sT) €98 % 'UOI}ePI|0SU0D UOKINPOIdaY [BNSIA
(2v)e8 (swu1od 8103s) uononpoiday [ensiA pakelag
(Lv) L8 (sjutod 2109s) uononpo.day [ensiA aeIpaww|
(z'81) 2’89 % ‘Uo1¥ep1|osu0d AIOWSIN [edIoN
e s, (swu10d 2109s) AloWsIN [eqlaA pakejaq
(€) v0T (sju10d 2109s) AJOWBIN [eQIaA dreIpaWW |

(@s) ueaw ‘uonoun4 Alows

(608) swiaied IV solydeaBowsq

Author Manuscript Author Manuscript Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2021 August 26.



Page 15

Moazzami et al.

Author Manuscript

(200 ‘2000°0-) TO0'0
(0T0°0 ‘€00°0) 600°0
(€T0°0 '700°0) 900°0

(T00°0 ‘200°0-) T000-
(200°0 '0T°0-) T00°0-
(070°0 '¥T0°0-) 200°0-
(2100 ‘800°0-) 2000
(870°0 '500°0-) L00'0

(1000 ‘0T0°0-) 900°0-
(£00°0 '200°0-) T00'0
(€00°0 'T00°0-) 200°0
(020°0 'T00°0-) 600°0
(800°0 '200"-) £00°0

(810°0 '€00°0) T0°0

(T00°0 ‘T00°0-) TO0'0
(T0°0 '70°0-)100°0-
(£00°0 ‘0T°0-) T00°0
(¥00°0 ‘T0°0-) ¥00°0-
(z0'0 '10°0-) ¥00°0-
(z0'0 '70°0-) T00°0-

(5000 *2000°0-) 200°0

(200°0 ‘T000°0) TOO'0
(€00°0 ‘T000°0) TOO'0
(800°0 ‘T00°0-) T00'0

(T00°0 '¥00°0-) 200°0-
(800°0 '100°0-) T00'0
(2000 '900°0-) T00°0
(1000 ‘0T0-) ¥00°0-
(¥00°0 '600°0-) €000~

(200°0 ‘T00°0-) TO00
(€00°0 '100°0-) T00'0
(€00°0 ‘T000°0-) T00°0
(670°0 '200°0) T0'0
(5000 '700°0-) T00'0
(€70°0 '100°0) £00°0
(0700 '200°0-) 5000
(£00°0 '500°0-) T00'0-
(200°0 *200°0-) 200°0-
(€000 '900°0-) T00°0-
(200°0 '600°0-) £00°0-
(T00°0 '600°0-) €000~
(€000 '200°0-) TO0'0

(20070 ‘200°0-) TO0'0
(T0°0 *2000°0) 800°0
(6T0°0 ‘'T00°0) TO'0

(€00°0 ‘T00°0-) 200°0-
(6100 ‘'T00°0) TO'0
(90°0 ‘20°0-) 800°0—
(800 '€0°0-) 200
(20’0 '21°0-) S0°0-

(€000 '100°0) 200°0
(820°0 '2v0°0-) L00'0-
(5000 'T00°0-) 200°0
(97°0 '21°0-) 200
(e5'0- '080°0-) ¥10°0-
(z50°0 ‘eT°0-) 2v0'0-
(9000 ‘€00°0-) T00'0
(€00 'TT°0-) €0°0-
(€0'0 '20°0-) 8T0°0—
(500 '50°0-) €00°0-
(80°0 'v0°0-) 200
(80°0 '€0°0-) 200
(100 ‘'20°0-) L00°0-

(2000 ‘5000°0-) T00'0
(10°0 200°0-) S00°0
(1T0°0 '700°0-) €000

(T00°0 ‘T00°0-) T00'0

(T0°0 'v00°0-) £00°0
(01°0 '80°0-) 600°0
(97°0 '700°0) 80°0
(S0'0 'sT°0-) S0°0-

(€00°0 ‘T00°0) 200°0
(€50°0 '¥0°0-) ¥00°0
(9000 '€00°0-) T00'0
(0£'0'800-) TT'0
(160°0 '680°0-) 600°0
(500 '0z'0-) 200~
(2000 ‘500°0-) TO0'0
(L00°0- ‘02'0-) OT'0-
(60'0 '50°0-) 200
(500 '60°0-) T0°0-
(z1'0'50°0-) €00
(z1°0'€0°0-) ¥0'0
(100 ‘€0°0-) T0°0-

AI10WBN eqUIan

uonep1josuo)

pakela@

aleIpawiw|
AKlows |ensIA
8103S 1UISUD

130V

sunels

J9xd01g-9

uLidsy
SUOIRDIPAIN
(urwy/w) a¥el uoneA|Iy JeNIBWOoID
SalJapie AIeuolod paseasip Jo JaquinN
uonoely uonoafa JejndLusA Ya
uone|lqld el
1591 $Sa.11S aAIIsod JO 9Juasald
sIsoJa]asolayie o1lydelboibue Jo aoussald
Xapul ssew Apog
ain|rey WeaH
uonoJeUL [RIPJRI0AIN
sajaqeIq
elwapidiisAq
uolsuanadAH

|aAs] uoneonp3

(2000 ‘'0T°0-) T00'0-  (T00°0 ‘800°0-) £00°0- (€0°0- '¥T°0-) 80°0- (80°0- ‘€2'0-) 9T°0- aoel 8|9
(€0°0 '20°0-) 2100 (5000 ‘200°0-) €000 (20070~ ‘800°0-) S00°0-  (S00°0- ‘T0°0-) 600°0- aby
(#00°0 'T0°'0-) S000-  (€00°0 ‘200°0-) 60070 (21°0'2000) 900 (61°0 '70°0) 2T°0 Xas 3[e\
(rensaau] souapyUOD %56) ¢
L+OPTAD/A+¥EAD L +ed493aN+vEAD HPHOXO/+7EAD L+7EAD s|qRLIBA
s195QNns DdD Jo sl0121paid Joy SisAjeue uoissalbal Jeaul| paisnipeun
¢ 9|gelL

Author Manuscript

Author Manuscript

Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2021 August 26.



Page 16

Moazzami et al.

'SI01IGI4yul 8WAzUS BuIIBAUOD-UISUSIOIBUE |3V "UonIUNy BAINUBOD J8118g 81dIpUl S1S3) g PUR \/-|1RJ] 81 UO S8100S JaMO] B[IUM ‘Uo1ouny aAIuboo Janaq e
S91e2IpUI S3[RIS AloWwaw |ea160] pue [egiaA Ul 8103s Jaybiy v -Junod |12 Jo Buljgnop e sjuasaidas dnoibgns +£aD €607 syl ul asealoul Jiun yoes Jeyy Bunesipul ‘pawiojsuel; 607 ate sOdD JO S19sqns ||V
x

"2T0°0> 40 aNfeA-d’ e 31edIpUI SISQUINU PaP|Og ‘[eAIaIUl 3DUSPIIUOD %466 pue ‘g se passaldxa sanfen ||y

(2000°0 '€00'0-) 20000~  (T0°0 '200°0-) G000 (T000°0 ‘T00'0-) G000'0-  (T00°0 ‘T000-) L000- g-|telL
(T00°0 '€00°0-) T000'0-  (200°0 ‘T00°0-) T00'0  (€000°0 ‘€00°0-) T00'0-  (5000°0 ‘¥00°0-) TO00- v-[tell
(800°0 'T00°0) €00°0 (T0°0 ‘200°0) 9000 (200°0 '#000°0) T00°0 (200°0 ‘T00°0-) £000°0 uoIepI|oSU0D
(€70°0 '¥00°0) 8000 (6000 ‘T00°0) 5000 (€70°0 'T00°0) L00'0 (T0'0 '¥00°0-) 900°0 pakejaq
(210°0 '¥00°0) 8000 (6000 'T000°0) ¥00°0 (T0°0 ‘100°0-) ¥00°0 (200 '200°0-) T0°0 ajeIpaww|

(feAss1u 80UBPLUOD %56)

L, TOY1ad/A+vEAD L FCH493INA+EAD LTPHOXO/+7EAD LT7EAD a|gelsen

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2021 August 26.



Page 17

Moazzami et al.

"UOIB| LG [BLIIR JO pUE ‘aInjIe) Leay JO ‘1s3) ssalis annisod

® J0 AI0ISIY ‘uonoely uondale JeinariuaA 1Yaj ‘sisotajasolayie oiydelbolbue Jo aouasaid ‘Buiyesd ssedAq Aisnie Aleuosod snoinaid ‘uonatesul [eipsesoAw snoinaid ‘Buiows ‘sejaqelp ‘erwapidiptadAy ‘Alsagqo
‘uoisuspIadAy ‘arel uoirely|i4 JejnIawo|f ‘xapul ssew Apoq) SaiIpIqIOWod pue S10)0e) YSII JBJNISeAOIpIRd pue ‘(Uoiresnpa ‘A1o1uyis/aoel ‘xas ‘afe) siooey olydesBowap 1oy parsnipe a1em s[apow ||y “UorauNny
aAIIUB02 JaN19q 81LJIPUI SIS8) g PUB /-|1eJ ] SU} UO S8100S JSMO] 3[IYM ‘Uo1Iouny aAIlubod Janaq e sajedlpul sajeas Alowsauw [e2160] pue [eqJan ul 8109s Jaybiy v "ZT0°0> 40 anfend e a1edlpul sisquinu papjog

‘|eAJBIUI BDUBPIIUOD 04G6 PUB ‘g s passaldxe sanjeA ||y unod 189 Jo Buijgnop e siussaidas dnoibgns +£aD €607 8y} ul 8sealoul 1un yaes Jeyr Buiresipul ‘pawoysues) 2607 a1e sOdD 40 S18sqns ||y
*

Author Manuscript

(sz'8 's'vz-) 20'8-
(LL2'196-) eve-
(S6'T'9€°0)9'T
(ev'€'99'0) S0'C
(ez'z'0z0-) 00T

(88T 'v1-) 12T
(067 '8 T) ¥T°€
(627 '€€'T) 90°€

(es'L1'16°L-) S8V
(0e'9'16°€-) €T
(te's'zr1) 16°€
(05°€ 'T7°0) L¥'T

(¥9'0T '5€'8-) ¥T'T

(Se'1'21°0) 820
(TZ'1T0)EET
(Tze'orT) 2T

(72'G '5€'6-) 8T'0
(S0'z ‘Lz'2-) 80°0-
(s6°€ '2GT-) 8T'T
(z8'0'11°0-) S€°0
(62'0'20°0-) 8€°0

(r2'G'€20-) ¥8°C
(960 ‘€2°0-) 920
(69°0 ‘8°0-) 0T'0

(TL'€'80°2-) ¥8'0
(ST '1L°0-) TV°0
(18T'19'T-) 9T0
(82°0'12°0-) €00
(ze'0'1T°0-) OT'O

(e€9'12'T-) 96°€
(92°0 '2€°0-) S0°0-
(LT°0 'vv0-) €T0-

g-ltell

V-ltelL
uolepIjosu0D
pakeja@
areIpaww|

Aiows [eglan
uolep1josu0D
pakeja@
ajeIpawiw|

A1ows ensin

+9v1AD/+¥€AD

(renszau) 22UBpYUOD %56) d

+¢d493N/+vEAD

+d4OXO/+v€AD

+7€dD

a|qeLIen

€ 9lqeL

Author Manuscript

Author Manuscript

sdnoibgns 9d9 pue (awo21no) uonauny aAnIubod usamiag uoleldosse ayl Bunehiisanul sisAjeue areLeRARNIA

Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2021 August 26.



Page 18

Moazzami et al.

SM9L|g pue SyIR|g-UoU Ul $13sgns DdD pue (swo21no) aduewloiad Alowsaw usamiaqg uoleidosse ayl Bunebnsaaul sisAjeue dnoibgns

Author Manuscript

+9¥7AD/+¥EAD

800 €00=0'16C 09'0=0'10¢ (zz0)16°€ (%) uonepijosuod

€20 €00=4d"zey 200=0"50"T (ST0) LV'T Reppq

zro 0T0=0"T¥'e 220=0'680 (T8°0) ¥T'T alelpaww|
A1owa ensin

¥00'0 €000=d'zret v€0=0"1€T (€0'0) 820 (%) uonepijosuod

6000 7000 =d '18'GT 89°0=0'9¥'C (e00) €€'T pakelaq

8T0 v20=0d'eSy 120=0d"'8y'T (zoo)zt ajeIpawiw|
Alowa\ [ed1607]

+24493N+7EAD

010 (€8'0) ¥8'0 (szo) szt (6€°0) 8T'T (%) uonepijosuod

19'0 (e8'0) €10 (cz0) evo (¥10) 5€°0 Kelaa

120 (22°0) LT'0 (sL0)oT'0 (90'0) 8€°0 alelpaww|
A1owa ensin

950 (s6'0) ev'e (rv70) 12T (tz0) v8'C (%) uonepijosuod

6T0 (86°0) €00 (91°0) 6E0 (ez0) 9g0 pakes@

1€0 (68'0) G0'0- (90°0) V0 (e20)0T0 ajeIpawiw|
Alowa\ [ed1607]

+FHOXD/+¥€AD

280 (69'0) 22’0 (ev'0) cT'0 (z8'0) 9T'0 (%) uonepijosuod

120 (ce0) €00 (16'0) 100 (62°0) €0'0 Kelaa

290 (2£'0) 00 (8v°0) ¢T'0- (7€'0) 0T'0 alelpaww|
A1owa ensin

70 (050) 12T (€9'0) 6€°0 (sv0) 96'€ (%) uonepijosuod

250 (zz'0) 0g'0- (#9'0) 90°0 (z2'0) so'0- pakelaq

€20 (01°0) 5€°0- (91°0) LT'0 (ov'0) €T°0- alelpaww]
Alows\ [ed1607

+7€Q0
a0ey yum
uonoessupdoyd  d'd)syoeig  (d'd) poeig-uoN  (d 'g) xswsned v

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2021 August 26.



Page 19

Moazzami et al.

‘uonouny aANIubod

19119 91821PUI S1S8) g PUB /-]1RJL U} UO S2109S JBMO] 3]IYM ‘UoIOUNY SAIIUBOD 1aN19q © S81eaIpul sajeds Alowaw [ea160] pue [eguan Ul 8109s Jaybiy v “UoIeINPa JO [aAd] pue ‘xas ‘abe Joj parsnipe sjapow ||y

Author Manuscript

70 6£0=0"'T29 09'0=0"'st'y (5000) 9T (%) uonepijosuod

€00 1000>d've'8 €00=0"16T (¥00°0) S0'C Reppa

200 1000>d'6.'9 900=0"16T (oT°0) 00'T alelpawiw]
AIoWsA [ensin

200 1000=d'2T'e 90'0=02T0 (s80) 12T (%) uonepijosuod

€00 100=d'er'1T 900=0'59'T (T00°0) ¥T°€ pakelaq

LT0 w0=0"'19G LT0=0'860 (c000) 90°€ ajeIpswiw|
AiowsA [eo1607]

80BY UIM
uonoeuaiu| oy d d 'g) s>poe1g (d'd) s;oejg-uoN  (d ‘g) xs1uanred ||v

Author Manuscript

Author Manuscript

Author Manuscript

J Alzheimers Dis. Author manuscript; available in PMC 2021 August 26.



	Abstract
	INTRODUCTION
	METHODS
	Study population
	CPC measurements
	Cognitive testing
	Statistical analysis

	RESULTS
	Circulating progenitor cells and memory
	Sensitivity analysis

	DISCUSSION
	References
	Table 1
	Table 2
	Table 3
	Table 4

