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Abstract.

Background: Myeloperoxidase (MPO), a neutrophil-derived pro-inflammatory protein, co-localizes with amyloid- (ARB)
plaques in Alzheimer’s disease (AD). Anti-dementia treatment may facilitate efflux of AR and associated plaque proteins
from the brain to the peripheral circulation, therefore providing potential biomarkers for the monitoring of donor response
to drug treatment.

Objective: We investigated the diagnostic utility of MPO as a biomarker of AD, and how anti-dementia treatment alters
plasma MPO concentration.

Methods: Thirty-two AD patients were recruited, and plasma collected pre-drug administration (baseline), and 1- and 6-
months post-treatment. All patients received cholinesterase inhibitors (ChEIs). At baseline and 6 months, patients underwent
neuropsychological assessment. Forty-nine elderly healthy individuals with normal cognitive status served as controls. Plasma
MPO concentration was measured by ELISA.

Results: AD drug naive patients had similar plasma MPO concentration to their control counterparts (p > 0.05). Base-
line MPO levels positively correlated with Neuropsychiatric Inventory score (r=0.5080; p=0.011) and carer distress
(r=0.5022; p=0.012). Following 1-month ChEI treatment, 84.4% of AD patients exhibited increased plasma MPO lev-
els (p<0.001), which decreased at 6 months (p.<0.001). MPO concentration at 1 month was greatest in AD patients whose
memory deteriorated during the study period (p =0.028), and for AD patients with deterioration in Cornell assessment score
(p=0.044).
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Conclusion: Whereas baseline MPO levels did not differentiate between healthy and AD populations, baseline MPO positively

correlated with initial Neuropsychiatric Inventory evaluation. Post-treatment, transient MPO upregulation in ChEI-treated

patients may reflect worse therapeutic outcome. Further studies are required to assess the potential of plasma MPO as an AD

therapeutic biomarker.

Keywords: Alzheimer’s disease, biomarkers, cholinesterase inhibitors, inflammation, myeloperoxidase, plasma

INTRODUCTION

Myeloperoxidase (MPO), a myeloid specific
enzyme produced and released from cells of the
innate immune system during the early stages of the
inflammatory response, generates free radical species
that promotes oxidative damage and causes lipid per-
oxidation [1-3]. Oxidative damage to neurons and
peroxidation of the highly polyunsaturated lipids in
the post-mitotic stage of neurons also appears to be
an early and crucial event in the pathophysiology
and development of Alzheimer’s disease (AD) [4-6].
MPO gene polymorphisms have been associated with
cognitive decline and aggravated AD development
[7-10], with overexpression of MPO protein and
mRNA being directly linked to both the development
and progression of AD [11, 12].

MPO co-localizes with amyloid-B (AB) plaques
and can be secreted by microglia where it can attract
neutrophils to the zone of inflammation, and addi-
tionally mediate the delay of neutrophil apoptosis to
prolong inflammation. In addition to its presence in
A plaques, the enzyme also plays a role in vascular
inflammation and the progression of atherosclerosis
which can contribute to the risk of development of AD
[13-15]. Therefore, MPO and its derived oxidants
and free radical species present potential targets for
reducing the level of inflammation, and potentially
reducing the risk of development of AD and slow-
ing disease progression. Cholinesterase inhibitors
(ChEIs) are the current therapeutic choice for the
treatment of AD, enhancing cholinergic transmission.
ChEISs can also facilitate the release of ABPP, the pro-
tein precursor of amyloid-f [16, 17]; and therefore,
potentially, the release of other proteins co-localizing
in the AB plaque. Therefore, MPO. may also be a
useful therapeutic biomarker reflecting the level of
inflammation or modifications in local inflammation
in the brain in response to anti-dementia treatment. To
determine whether plasma MPO levels change dur-
ing the initial period of dementia treatment, this study
assessed MPO concentrations in plasma from healthy
elderly controls without cognitive impairment, and

AD patients before and during anti-dementia treat-
ment with ChEIs.

MATERIALS AND METHODS

Study population and design

A total of 50 patients diagnosed with AD
(NINCDS/ADRDA criteria [16]) were recruited to
the study, and 32 of these (53% female/47% male)
completed all of the follow-up visits during the 6-
month study period. The AD cohort was matched for
age with 49 healthy donors (80% female/20% male)
without cognitive impairment (Table 1). Exclusion
criteria included the presence or history of psychosis,
alcoholor drug abuse, consumption of any psychoac-
tive or antioxidant medication, and patients with
autoimmune disease. We noted 55.2% of the AD sam-
ple had hypertension, 48.3% had dyslipidemia, and
15.6% had type 2 diabetes mellitus (Table 1).

On Visit 1 (baseline) all participants (AD patients
and controls) completed a comprehensive clini-
cal assessment including demographic information,
clinical history, and physical and neurological exam-
ination. Standardized clinical assessments covered:
neurology (Structured Neurological Examination);
cognition (Cambridge Cognitive Examination which
incorporates the Mini-Mental State Examination,
MMSE) [18]; fluctuation (One Day Fluctuation
Scale and Clinician Assessment of Fluctuation) [19];
mood (Cornell Depression Rating Scale) [20]; and
dementia-related behavioral symptoms (Neuropsy-
chiatric Inventory, NPI) [21]. Blood was collected
to establish baseline MPO levels in both groups. One
month following initiation of ChEI inhibitor treat-
ment (Visit 2), blood was collected from AD patients
for MPO measurement. At 6 months of ChEI treat-
ment (Visit 3), AD patients were re-assessed for
cognitive and behavioral problems, and further blood
collected for MPO analysis. The study was approved
by the Local Regional Ethics Committee (13-NE-
0239), and all participants gave written informed
consent.
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Table 1
Demographic and clinical characteristics of study cohort
Controls AD Patients P
(n=49) (n=32)
Demographics
Age (y) 73.96 £10.86 77.62 +5.66 0.0657
Gender:
Male, n (%) 10 (20.4) 15 (46.9) 0.0117
Female, n (%) 39 (79.6) 17 (53.1)
Medication
Anti-hypertensive, n (%) - 12 (41.4) -
Statin, n (%) - 14 (48.3) -
NSAID, n (%) - 3(10.3) -
Vascular risk factor
Hypertension, n (%) - 16 (55.2) -
Dyslipidemia (%) - 14 (48.3) -
Diabetes mellitus, n (%) - 5(15.6) -

AD, Alzheimer’s disease; NSAID, non-steroidal anti-inflammatory drug.

Blood collection

Venous blood samples were taken in the morn-
ing under standardized conditions and drawn into
EDTA. The whole blood was centrifuged within
30 min of collection for 10 min at 12,500 x g at room
temperature, and the plasma transferred to a clean
tube. Albumin was removed from the plasma using
the protocol described by Colantonio [22], and the
albumin-depleted plasma stored at —80°C until anal-
ysis.

ELISA measurement

Plasma MPO concentration was measured using
a commercially available human MPO quantitative
sandwich ELISA kit (cat DY3174, R&D Systems
Inc, Abingdon, UK) as per the manufacturer’s instruc-
tions. Plasma from 32 AD patients was available from
all 3 visits and therefore used for the study. All sam-
ples were assayed in duplicate.

Statistical analysis

Data are reported as mean = standard deviation
(SD) of measurement. Continuous variables were
tested for normal distribution with the D’ Agostino-
Pearson test. The normally distributed data with equal
variances were compared between groups using the
paired #-test to analyze changes in MPO between dif-
ferent time points, and unpaired ¢ test for between
group comparisons. A value of p <0.05 was consid-
ered to be significant. All data and statistical analysis
were performed using Graph Pad Prism 8.0 (Graph-
Pad Software Inc, CA, USA).

RESULTS

Analysis of baseline plasma MPO levels in study
population

Controls and drug naive AD patients had a simi-
lar range of baseline plasma MPO levels (p>0.05,
Fig. 1A). There was no association of baseline
MPO levels with gender (Fig. 1B), and no statisti-
cal difference in baseline MPO levels in each age
group (Fig. 1C). There was also no significant dif-
ference in baseline plasma levels of MPO between
donors with hypertension, dyslipidemia, or type 2
diabetes mellitus (Fig. 1D), nor the number of car-
diovascular risk factors (Fig. 1E). As expected, AD
patients had significantly lower scores for MMSE
(p<0.001), CAMCOG (p <0.001), CAMCOG mem-
ory (p<0.001), and CAMCOG executive function
(»<0.001) (Table 2). Baseline MPO levels did pos-
itively correlate with NPI evaluation (r=0.5080;
p=0.011) and Carer distress score (r=0.5022;
p=0.012, Table 3).

Effect of ChEI treatment on plasma MPO levels

Plasma levels of MPO increased in 28 of
the AD patients (84.4%) at 1 month after start-
ing cholinesterase inhibitor treatment (p <0.001)
and decreased (p<0.05) to below baseline levels
(»<0.001) by 6 months (Fig. 2A). However, analysis
of dot plots of individual donor response showed that
in samples from 5 AD patients, changes in plasma
MPO levels did not follow the same pattern; instead
MPO levels were either reduced at 1 month and 6
months without any obvious rapid increase post initial
drug treatment (n =3; Fig. 2B), or MPO levels were
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Table 2
Cognitive, behavioral, and psychological evaluation
Controls® ADP p® AD¢ pbe

(n=49) (n=32) Post-drug
Assessment Baseline Baseline 6 months
MMSE 2842 22+4 <0.001 21+1 0.1984
CAMCOG 94+£5 73+£12 <0.001 70+ 14 0.0245
CAMCOG Memory total 2242 1345 <0.001 14+9 0.6863
CAMCOG Executive function 21 +4 14+4 <0.001 13£5 0.1596
NPI - 949 - 9+9 0.6657
Cornell Depression Rating Scale score - 5+4 - 7+5 0.3715
Carer distress - 5£5 - S5+£5 0.9270

p-value® derived from comparison of Control group versus Patients with Alzheimer’s disease at initial
assessment (baseline). p-valueP derived from comparison of Alzheimer’s patients at initial assessment
compared to assessment score at 6 months post-drug. AD, Alzheimer’s disease; MMSE, Mini-Mental State
Examination; CAMCOG, Cambridge Cognitive examination; NPI, Neuropsychiatric Inventory.

Table 3
Correlation of baseline plasma MPO concentration with cognitive
assessment scoring in patients with AD

Assessment r p

MMSE -0.2804 0.2776
CAMCOG memory -0.2594 0.2210
CAMCOG executive function -0.1510 0.4812
NPI 0.5080 0.0113
Cornell Depression Scale 0.2909 0.1679
Carer distress 0.5022 0.0124

AD, Alzheimer’s disease; MMSE, Mini-Mental State Exam-
ination; CAMCOG, Cambridge Cognitive examination; NPI,
Neuropsychiatric Inventory. Carer distress, measured from the NPI
inventory, was rated for each positive neuropsychiatric symptom
domain on a scale anchored by scores from 0 to 5 points (0 =no dis-
tress; 1 = minimal distress; 2 = mild distress; 3 = moderate distress;
4 =severe distress; and 5 = very severe distress).

similar to baseline at 1 month but were increased by
6 months (n=2); Fig. 2C). Excluding these donors
from further analysis, the mean fold change in MPO
levels was 4.3-fold increase (baseline to 1 month)
and 4.8-fold decrease (1 month to 6 months post-drug
treatment); however, the amplitude of fold change in
plasma for individual donors was variable.

Fluctuations in plasma MPO level and
relationship to cognitive decline

Neuropsychological assessment at 6-months post-
cholinesterase inhibitor treatment showed a signifi-
cant level of cognitive decline.in CAMCOG score
in the AD patient population (Table 2). When com-
paring fluctuations in plasma MPO levels with or
without cognitive and psychological decline, MPO
concentration at 1 month was significantly elevated
in AD patients measuring decline in assessment
scores for CAMCOG-Memory (mean 53.0+30.1

and 31.5+13.6ng/mL for AD patients showing
decline and no decline, respectively; p <0.028) and
Cornell Depression assessment (53.42+29.2 and
33.9 £ 18.6 ng/mL; p<0.044) during the period of
the study (Fig..3A, B). The amplitude of increase
of MPO levels at 1 month was significantly higher
in AD patients with increased number of CV risk
factors (Fig. 3C), and these individuals also had the
greatest level of decline in CAMCOG_Memory mea-
sures (Fig. 3D). Finally, the fold increase in MPO
levels between baseline and 1 month was positively
correlated with diastolic (r=0.5961; p=0.002), but
not systolic, blood pressure (Fig. 3E, F).

DISCUSSION

The more invasive measurement of biomarkers in
CSF [23-25] and neuroimaging are used routinely in
the diagnosis and classification of dementia, and in
monitoring disease progression. However, the mea-
surement of proteins in peripheral blood is a less
invasive option and offers the potential for screen-
ing a panel of biomarkers in a short timeframe.
Previous studies of neutrophil-associated proteins
in AD have suggested that peripheral blood of AD
patients contains higher concentrations of these pro-
inflammatory proteins than CSF [26]. Therefore,
more studies which include measurement of MPO
and other pro-inflammatory proteins in blood are
required to assess their potential as disease biomark-
ers.

This study assessed the potential utility of the
neutrophil-associated protein MPO as a diagnostic
and/or therapeutic marker in AD. Whereas MPO
levels have previously been reported to be higher
in plasma from AD patients compared to healthy
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Fig. 2. Effect of cholinesterase inhibitors on plasma myeloperoxidase concentration. A) Changes in MPO concentration (ng/mL) in plasma
collected from AD patients at baseline (pre-drug treatment), and at one month and 6 months post starting antidementia treatment (n=27).
Data shows MPO levels for individual donors; p <0.001***. B, C) Highlight plasma MPO concentrations from individual donors where

changes in MPO did not follow the majority pattern of response.

controls [27], we found no significant difference
in baseline MPO plasma levels of drug naive AD
patients and those of the healthy, aged controls.
Our assays were performed using albumin-depleted
plasma and in drug naive patients, avoiding the poten-
tial bias arising from altered MPO measures due to
plasma protein binding (EML, unpublished). Simi-
larly, MPO activity has been reported to be altered in
patients with diabetes, and due to statins treatments
[28], thus higher prevalence of these conditions in AD
subjects could have had an impact on the reported
findings in previous studies. Whereas there was no
correlation of baseline MPO levels with age, gender,
or specific cardiovascular risk factors, AD patients
who had higher NPI assessment scores also had ele-
vated levels of baseline MPO, and this was reflected
in the positive correlation of MPO levels and carer
distress score. Therefore, although our findings sug-

gest that measurement of plasma MPO levels may not
aid the differentiation between healthy elderly indi-
viduals and AD, plasma MPO levels may reflect the
level of accumulation of pro-inflammatory proteins
which in turn may be facilitating AD non-cognitive
changes.

A recent study investigating the use of Anserine,
a scavenger of hypochlorous acid which is produced
as a result of MPO-mediated inflammatory response,
found that the drug protected against further cognitive
decline in an elderly population with mild cognitive
impairment [29], therefore developing therapeutic
targets of MPO may be important. In addition, we
need to further understand how different drugs may
affect plasma MPO levels and how this relates to
cognitive decline or stability. This is the first study
to measure plasma MPO levels at different time
points after starting ChEI treatment, revealing that
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in 84% of the patients there was a significant tran-
sitory increase in plasma MPO levels at one month,
which had decreased to baseline or below baseline
levels by 6 months of treatment. The frontal cor-
tex of AD patients has been reported to have an
increased presence of MPO-positive cells, and MPO
concentration is high in extracellular plaques where
it can co-localize with AP [3]. ChEIs can facili-
tate the release of ABPP [16, 17] and affect the
AD amyloidogenic pathway via the activation of
the phosphoinositide 3 kinase (PI3K)/Akt pathway,
inhibition of glycogen synthase kinase-3, and the acti-
vation of nicotinic acetylcholine receptors (reviewed
in [30]). MPO, therefore, may be released into the
bloodstream alongside other extracellular plaque pro-
teins, resulting in a transient increase of MPO into the
peripheral circulation until either the build-up of pro-
inflammatory proteins in the brain ceases, or the drug
becomes ineffective, for example due to depletion of
drug target. Alternatively, MPO may be induced by
ChEI treatment, since the cytokine system is affected
by ChEI treatment [30].

In this study, AD patients that demonstrated cog-
nitive and behavioral decline over the 6-month study
period, as assessed by CAMCOG-memory and Cor-
nell assessments, had significantly higher MPO levels
at 1 month than for AD patients with no decline for
these parameters. Since there is a close relationship of
cognitive decline with the neurofibrillary pathology,
but not the extent of extracellular amyloid deposits
[31], ChEI activity may have only a brief period
of being neurobiologically effective, targeting the
AD-accompanying inflammation associated with A3
deposits [2], but not the intraneuronal MPO activity.
This opens the possibility that the enzyme continues
to contribute to the cumulative oxidative stress pro-
moting neurofibrillary pathology and neuronal cell
death in AD.

AD pathology contributes to cardiovascular dis-
ease via AP accumulation resulting in cardiac
dysfunction due to thickening of the left ventricle wall
in AD patients [32]. Conversely, the development
and progression of late onset AD has been linked
to metabolic and cardiovascular risk factors [33],
whereby the presence of cardiovascular risk factors
including diabetes, hypertension, and dyslipidemia
[34-38] may facilitate AD onset and progression [39].
Similarly, in our study AD patients with an increased
number of cardiovascular risk factors had the greatest
decline in memory during the study period. In sup-
port of this, we report that the amplitude of increase
in MPO levels after 1 month of ChEI treatment was

positively correlated with diastolic blood pressure.
In a neuroradiological study on ageing, higher dias-
tolic blood pressure has been related to biomarkers
of both cerebrovascular (white matter hyperintensity)
and AD (smaller hippocampi) dementias [40], and
A3 brain burden measured by Pittsburgh Compound
B-positron emission tomography (PiB-PET) studies
[41]. This brings together again MPO and A pro-
cessing in AD and highlights the need to develop
reliable peripheral biomarkers for the screening for
AD in at-risk populations.

Not all AD patients showed. the same pattern of
change in plasma MPO levels during the course of
ChEIs treatment. Three AD patients had no increase
at one month, followed by further decrease at 6
months, and 2 AD patients showed little or no change
at one month but increased MPO levels by 6 months.
In the case of the latter pattern, the increase MPO lev-
els at 6 months perhaps suggests a slower response
in these individuals to ChEIs, whereas those who
showed no increase in MPO levels may either have
no response to ChEI treatment, or alternatively, have
a rapid response to ChEIs that has been missed by
the sample: collection time-points included in this
study. This is the first study to investigate the effect of
ChEIs on plasma MPO levels, and more studies are
now required that include intermediate sample col-
lection points to facilitate analysis and interpretation
of the relevance of changing MPO levels and other
biomarker candidates, during therapeutic treatment
of AD, and for the monitoring of populations at risk of
developing AD. The heterogeneity in donor response
may be due to a multitude of factors, including the
type of ChEI and dosage used, and therefore the
potential of MPO as a therapeutic biomarker during
antidementia treatment warrants further investigation
to determine any potential diversity in AD clinical
phenotypes that may facilitate clinical management
of these patients. These findings alongside with cor-
relative neuroradiological studies (i.e., MRI, amyloid
and tau tracer PET studies) will help change both the
diagnosis and management of AD.

ACKNOWLEDGMENTS

We are grateful to all participants in the study and
their families, and the North East DeNDRoN net-
work.

Authors’ disclosures available online (https://
www.j-alz.com/manuscript-disclosures/22-0642r1).

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363


https://www.j-alz.com/manuscript-disclosures/22-0642r1
https://www.j-alz.com/manuscript-disclosures/22-0642r1

364

365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427

J.R. Wright et al. / ChEI Therapy Alters Plasma MPO Levels in AD 9

REFERENCES

(1]

(2]

[3]

(4]

(51

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Combarros O, Infante J, Llorca J, Pena N, Fernandez-
Viadero C, Berciano J (2002) The myeloperoxidase gene
in Alzheimer’s disease: A case-control study and meta-
analysis. Neurosci Lett 326, 33-36.

Green PS, Mendez AJ, Jacob JS, Crowley JR, Growdon
W, Hyman BT, Heinecke JW (2004) Neuronal expression
of myeloperoxidase is increased in Alzheimer’s disease. J
Neurochem 90, 724-733.

Gellhaar S, Sunnemark D, Eriksson H, Olson L, Gal-
ter D (2017) Myeloperoxidase-immunoreactive cells are
significantly increased in brain areas affected by neurode-
generation in Parkinson’s and Alzheimer’s disease. Cell
Tissue Res 369, 445-454.

Keller JN, Schmitt FA, Scheff SW, Ding Q, Chen Q, But-
terfield DA, Markesbery WR (2005) Evidence of increased
oxidative damage in subjects with mild cognitive impair-
ment. Neurology 64, 1152-1156.

Maki RA, Tyurin VA, Lyon RC, Hamilton RL, DeKosky
ST, Kagan VE, Reynolds WF (2009) Aberrant expression of
myeloperoxidase in astrocytes promotes phospholipid oxi-
dation and memory deficits in a mouse model of Alzheimer
disease. J Biol Chem 284, 3158-3169.

Picklo MJ, Montine TJ, Amarnath V, Neely MD (2002)
Carbonyl toxicology and Alzheimer’s disease. Toxicol Appl
Pharmacol 184, 187-197.

Pope SK, Kritchevsky SB, Ambrosone C, Yaffe K, Tylavsky
F, Simonsick EM, Rosano C, Stewart S, Harris T (2006)
Myeloperoxidase polymorphism and cognitive decline in
older adults in the Health, Aging, and Body Composition
Study. Am J Epidemiol 163, 1084-1090.

Leininger-Muller B, Hoy A, Herbeth B, Pfister M, Serot JM,
Stavljenic-Rukavina M, Massana L, Passmore P, Siest G,
Visvikis S (2003) Myeloperoxidase G-463A polymorphism
and Alzheimer’s disease in the ApoEurope study. Neurosci
Lett 349, 95-98.

Reynolds WF, Rhees J, Maciejewski D, Paladino T, Sieburg
H, Maki RA, Masliah E (1999) Myeloperoxidase polymor-
phismis associated with gender specific risk for Alzheimer’s
disease. Exp Neurol 155, 31-41.

Crawford FC, Freeman MJ, Schinka JA, Morris MD, Abdul-
lah LI, Richards D, Sevush S, Duara R, Mullan MJ (2001)
Association between Alzheimer’s disease and a functional
polymorphism in the Myeloperoxidase gene. Exp Neurol
167, 456-459.

Schreitmiiller BLC, Stransky E, Stellos K (2013) Increased
myeloperoxidase (MPO) plasma levels in patients with
Alzheimer’s disease. Alzheimers Dement 9, P235.

Hoy A, Leininger-Muller B, Kutter D, Siest G, Visvikis S
(2002) Growing significance of myeloperoxidase in non-
infectious diseases. Clin Chem Lab Med 40, 2-8.

Loria V, Dato I, Graziani F, Biasucci LM (2008) Myeloper-
oxidase: A new biomarker of inflammation inischemic heart
disease and acute coronary syndromes. Mediators Inflamm
2008, 135625.

Kim H, Wei Y, Lee JY, Wu Y, Zheng Y, Moskowitz
MA, ChenJW (2016) Myeloperoxidase Inhibition Increases
Neurogenesis after Ischemic Stroke. J Pharmacol Exp Ther
359, 262-272.

Duron E, Hanon O (2008) Vascular risk factors, cognitive
decline, and dementia. Vasc Health Risk Manag 4, 363-381.
Mori F, Lai CC, Fusi F, Giacobini E (1995) Cholinesterase
inhibitors increase secretion of APPs in rat brain cortex.
Neuroreport 6, 633-636.

(17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

Nitsch RM, Slack BE, Wurtman RJ, Growdon JH (1992)
Release of Alzheimer amyloid precursor derivatives stim-
ulated by activation of muscarinic acetylcholine receptors.
Science 258, 304-307.

Huppert FA, Brayne C, Gill C, Paykel ES, Beardsall L
(1995) CAMCOG-a concise neuropsychological test to
assist dementia diagnosis: Socio-demographic determinants
in an elderly population sample. Br J Clin Psychol 34,
529-541.

Walker MP, Ayre GA, Cummings JL, Wesnes K, McK-
eith IG, O’Brien JT, Ballard CG (2000) The Clinician
Assessment of Fluctuation and the One Day Fluctuation
Assessment Scale. Two methods to assess fluctuating con-
fusion in dementia. Br J Psychiatry 177, 252-256.
Alexopoulos GS, Abrams RC, Young RC, Shamoian CA
(1988) Cornell Scale for Depression in Dementia. Biol Psy-
chiatry 23, 271-284.

Cummings JL, Mega M, Gray K, Rosenberg-Thompson
S, Carusi DA, Gornbein J (1994) The Neuropsychiatric
Inventory: Comprehensive assessment of psychopathology
in dementia. Neurology 44, 2308-2314.

Colantonio DA, Dunkinson C, Bovenkamp DE, Van Eyk
JE (2005) Effective removal of albumin from serum. Pro-
teomics 5, 3831-3835.

Andreasen N, Sjogren M, Blennow K (2003) CSF mark-
ers for Alzheimer’s disease: Total tau, phospho-tau and
Abetad2. World J Biol Psychiatry 4, 147-155.
Mukaetova-Ladinska EB, Monteith R, Perry EK (2010)
Cerebrospinal fluid biomarkers for dementia with Lewy
bodies. Int J Alzheimers Dis 2010, 536538.

Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman
HH, Fox NC, Gamst A, Holtzman DM, Jagust WJ, Petersen
RC, Snyder PJ, Carrillo MC, Thies B, Phelps CH (2011) The
diagnosis of mild cognitive impairment due to Alzheimer’s
disease: Recommendations from the National Institute on
Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer’s disease. Alzheimers Dement 7,
270-279.

‘Wu CY, Bawa KK, Ouk M, Leung N, Yu D, Lanctot KL,
Herrmann N, Pakosh M, Swardfager W (2020) Neutrophil
activation in Alzheimer’s disease and mild cognitive impair-
ment: A systematic review and meta-analysis of protein
markers in blood and cerebrospinal fluid. Ageing Res Rev
62, 101130.

Tzikas S, Schlak D, Sopova K, Gatsiou A, Stakos D,
Stamatelopoulos K, Stellos K, Laske C (2014) Increased
myeloperoxidase plasma levels in patients with Alzheimer’s
disease. J Alzheimers Dis 39, 557-564.

Stenvinkel P, Rodriguez-Ayala E, Massy ZA, Qureshi
AR, Barany P, Fellstrom B, Heimburger O, Lindholm
B, Alvestrand A (2006) Statin treatment and diabetes
affect myeloperoxidase activity in maintenance hemodialy-
sis patients. Clin J Am Soc Nephrol 1, 281-287.

Masuoka N, Lei C, Li H, Inamura N, Shiotani S, Yanai
N, Sato K, Sakurai K, Hisatsune T (2021) Anserine, HCIO-
scavenger, protected against cognitive decline in individuals
with mild cognitive impairment. Aging (Albany NY) 13,
1729-1741.

Calciano MA, Zhou W, Snyder PJ, Einstein R (2010) Drug
treatment of Alzheimer’s disease patients leads to expres-
sion changes in peripheral blood cells. Alzheimers Dement
6, 386-393.

Mukaetova-Ladinska EB, Harrington CR, Xuereb J, Roth
M, Wischik CM (1995) Biochemical, neuropathological,
and clinical correlations of neurofibrillary degeneration

428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443

445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492



493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516

10

[32]

[33]

[34]

[35]

J.R. Wright et al. / ChEI Therapy Alters Plasma MPO Levels in AD

in Alzheimer’s disease. In Treating Alzheimer’s and
Other Dementias: Clinical Application of Recent Research
Advances, Bergener M, Finkel SI, eds. Springer, New York,
pp. 57-80.

Troncone L, Luciani M, Coggins M, Wilker EH, Ho CY,
Codispoti KE, Frosch MP, Kayed R, Del Monte F (2016)
Abeta amyloid pathology affects the hearts of patients with
Alzheimer’s disease: Mind the heart. J Am Coll Cardiol 68,
2395-2407.

Liu G, Yao L, Liu J, Jiang Y, Ma G, Genetic, Environmen-
tal Risk for Alzheimer’s disease C, Chen Z, Zhao B, Li K
(2014) Cardiovascular disease contributes to Alzheimer’s
disease: Evidence from large-scale genome-wide associa-
tion studies. Neurobiol Aging 35, 786-792.

Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C,
Banerjee S, Brayne C, Burns A, Cohen-Mansfield J, Cooper
C, Costafreda SG, Dias A, Fox N, Gitlin LN, Howard R,
Kales HC, Kivimaki M, Larson EB, Ogunniyi A, Orgeta V,
Ritchie K, Rockwood K, Sampson EL, Samus Q, Schneider
LS, Selbaek G, Teri L, Mukadam N (2020) Dementia pre-
vention, intervention, and care: 2020 report of the Lancet
Commission. Lancet 396, 413-446.

Lee HJ, Seo HI, Cha HY, Yang YJ, Kwon SH, Yang SJ
(2018) Diabetes and Alzheimer’s disease: Mechanisms and
nutritional aspects. Clin Nutr Res 7, 229-240.

[36]

(37]

(38]

(39]

[40]

[41]

Peters R, Warwick J, Anstey KJ, Anderson CS (2019) Blood
pressure and dementia: What the SPRINT-MIND trial adds
and what we still need to know. Neurology 92, 1017-1018.
Ungvari Z, Toth P, Tarantini S, Prodan CI, Sorond F,
Merkely B, Csiszar A (2021) Hypertension-induced cog-
nitive impairment: From pathophysiology to public health.
Nat Rev Nephrol 17, 639-654.

Wanamaker BL, Swiger KJ, Blumenthal RS, Martin SS
(2015) Cholesterol, statins, and dementia: What the cardi-
ologist should know. Clin Cardiol 38, 243-250.

Xu C, Tao X, Ma X, Zhao R, Cao Z (2021) Cognitive
dysfunction after heart disease: A manifestation of the heart-
brain axis. Oxid Med Cell Longev 2021, 4899688.

McNeil CJ, Myint PK, Sandu AL, Potter JF, Staff R,
Whalley LJ, Murray AD (2018) Increased diastolic blood
pressure is associated with MRI biomarkers of dementia-
related brain pathology in normative ageing. Age Ageing
47, 95-100.

Toledo JB, Toledo E, Weiner MW, Jack CR, Jr., Jagust W,
Lee VM, Shaw LM, Trojanowski JQ, Alzheimer’s Disease
Neuroimaging Initiative (2012) Cardiovascular risk fac-
tors, cortisol, and amyloid-beta deposition in Alzheimer’s
Disease Neuroimaging Initiative. Alzheimers Dement 8,
483-489.

517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540



