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Association of cerebral microbleeds with cerebrospinal fluid Alzheimer-biomarkers and clinical symptoms in early dementia with Lewy bodies

Objectives: To determine the prevalence, localization and associations of cerebral microbleeds (CMB) in dementia with Lewy bodies (DLB) with its core clinical symptoms and cerebrospinal fluid (CSF) biomarkers of Alzheimer's disease (AD). We hypothesize DLB patients with CMB have increased amyloid burden compared to those without CMB, which could also translate into clinical differences.

Methods

: Retrospective cross-sectional analysis from the AlphaLewyMA study (https://clinicaltrials.gov/ct2/show/NCT01876459). Patients underwent a standardized protocol of brain MRI including 3D T1, 3D FLAIR and T2* sequences, and CSF analysis of AD biomarkers. CMB and white matter hyperintensities (WMHs) were visually assessed in prodromal and mild demented (DLB, N = 91) and AD (AD, N = 67) patients.

Results: CMB prevalence did not differ among DLB and AD (24.2% vs. 37.3%; p = 0.081). CMB were mainly distributed in lobar topographies in both DLB (74%) and AD (89%). CMB in DLB was not associated with global cognitive performance, executive functioning, speed of information processing, or AD CSF biomarkers.

Similarly, there was no difference regarding specific clinical symptoms: fluctuations, psychotic phenomena, sleep behavior disorder and Parkinsonism between DLB patients with and without CMB. AD patients with CMB had increased burden of WMH compared to those without (2.1 ± 0.86 vs. 1.4 ± 0.89; p = 0.005), according to Fazekas scale, whereas no significant difference was observed in DLB patients (1.68 ± 0.95 vs. 1.42 ± 0.91; p = 0.25).

Conclusion:

CMB were equally prevalent with similar topographic distribution in both DLB and AD patients. CMB was not associated with CSF AD biomarkers or core clinical symptoms in DLB.

| INTRODUCTION

Cerebral microbleeds (CMB) are an expression of small-vessel disease classically associated with two primary mechanisms: lipohyalinosis due to hypertensive microangiopathy and perivascular amyloid deposition due to cerebral amyloid angiopathy (CAA). [START_REF] Pantoni | Cerebral small vessel disease: from pathogenesis and clinical characteristics to therapeutic challenges[END_REF] They are recognized in MRI as small signal voids in T2*-weighted gradient-recalled echo (GRE) or susceptibility weighted imaging sequences [START_REF] Greenberg | Cerebral microbleeds: a guide to detection and interpretation Microbleed Study Group[END_REF] and linked to adverse clinical outcomes such as increased overall mortality, intracranial hemorrhage and cognitive impairment. [START_REF] Altmann-Schneider | Cerebral microbleeds are predictive of mortality in the elderly[END_REF] The estimated prevalence of CMB in asymptomatic nondemented patients is approximately 5%. Alzheimer's disease (AD) patients have an increased frequency of CMB, with an aggregate prevalence of 24%. [START_REF] Sepehry | Prevalence of brain microbleeds in Alzheimer disease: a systematic review and metaanalysis on the influence of neuroimaging techniques[END_REF] Both vascular and amyloid mechanisms contribute to these findings, but the frequent overlap between CAA and AD, co-occurring in up to 90% of patients with AD at autopsy, possibly explains the predilection for lobar localization in AD patients. [START_REF] Vinters | Cerebral amyloid angiopathy. A critical review[END_REF] However, there is scarce information regarding CMB characteristics in other neurodegenerative disorders. Specifically, only three studies investigated dementia with Lewy bodies (DLB) showing that DLB patients have an increased prevalence of CMB compared to healthy controls and Parkinson-disease patients, but similar to AD patients. [START_REF] Kim | Cerebral microbleeds in patients with dementia with lewy bodies and Parkinson disease dementia[END_REF][START_REF] Gungor | Frequency and topography of cerebral microbleeds in dementia with Lewy bodies compared to Alzheimer's disease[END_REF][START_REF] Fukui | Prevalence and clinical implication of microbleeds in dementia with lewy bodies in comparison with microbleeds in Alzheimer's disease[END_REF] None of those studies took into consideration amyloid status in DLB patients, which is of main relevance because of the concomitant presence of amyloid pathology (plaques and amyloid angiopathy) in DLB, described in 15% up to 76% of cases in neuropathological studies. [START_REF] De Reuck | Prevalence of small cerebral bleeds in patients with a neurodegenerative dementia: a neuropathological study[END_REF][START_REF] Kosaka | Diffuse Lewy body disease in Japan[END_REF] In this study, we build up evidence regarding CMB characteristics and clinical relevance in DLB by adding cerebrospinal fluid (CSF) biomarkers of AD in the analysis, with specific assessment of the core clinical symptoms in early DLB patients.

| METHODS

| Design, definition of the cohort and data collection

The cohort is part of a prospective ongoing study and this study was based on a cross-sectional retrospective analysis. We included 158 patients with either DLB or AD, who were consecutively recruited An etiologic diagnosis of the neurocognitive disorder for each patient was made using Dubois' criteria for pro-AD (i.e., MCI AD) and mild-AD, [START_REF] Sarazin | Amnestic syndrome of the medial temporal type identifies prodromal AD: a longitudinal study[END_REF] and McKeith's criteria (probable DLB, i.e. at least two core symptoms) for mild-DLB. [START_REF] Mckeith | Research criteria for the diagnosis of prodromal dementia with Lewy bodies[END_REF] Pro-DLB patients were defined as patients with Mild cognitive impairment (MCI according to Petersen criteria), [START_REF] Petersen | Mild cognitive impairment as a diagnostic entity[END_REF] 

| MRI protocol

The MRI imaging database includes a T1-weighted, a fluid-attenuated inversion recovery (FLAIR) and a T2*-weighted GRE sequences. CMB were defined as small areas (≤10 mm) of signal void with associated blooming detected on 2D GRE T2*. [START_REF] Wardlaw | Neuroimaging standards for research into small vessel disease and its contribution to ageing and neurodegeneration[END_REF] They were classified by the presence, number, and topography according to the Microbleed Anatomical Rating Scale, by raters blinded to clinical diagnosis (Figure 1). [START_REF] Gregoire | The Microbleed Anatomical Rating Scale (MARS): reliability of a tool to map brain microbleeds[END_REF] White matter hyperintensities (WMHs) were defined as ill-defined hyperintensities ≥5 mm on both T2 and Proton-density/FLAIR images, are recorded according to FAZEKAS scale. 17

| CSF analysis

CSF analyses were realized for 94 out of the 158 patients. The analyses included the quantification of total tau protein (Tau; normal value < 360 ng/L), tau protein phosphorylated at threonine 181 (p-Tau; normal value < 60 ng/L) and amyloid-β peptide 1-42 (Aβ 42 ; normal value > 450 ng/L). CSF samples were centrifuged for min at 3500 rpm at 4°C to remove cells, then aliquoted to 0.4-ml samples in polypropylene tubes and stored at -80°C until analysis. Biomarker concentrations of Tau, p-Tau181, and Aβ42 were analyzed in duplicate using the double antibody sandwich ELISA method. The ratio cut-off indicative of AD was set at according to Innotest® Amyloid Tau Index (IATI) at <0.8, calculated for each patient. [START_REF] Tabaraud | Alzheimer CSF biomarkers in routine clinical setting[END_REF] 

| Statistical analysis

Descriptive data of the population are expressed as number of cases and proportions for categorical variables, and as means and standard deviations for continuous variables. Binary and categorical variable group comparisons were performed using fisher exact tests. For continuous variables, independent t-test was performed for 2-group comparisons. A univariate logistic regression model was computed to investigate the relationship between CMB count and AD diagnosis. We considered results significant when p < 0.05. All statistical tests were performed using SPSS for Windows version 20.0 (SPSS Inc.).

| RESULTS

Of a total of 158 patients, 67 had AD and 91 DLB. AD patients were older (73.9 ± 8.64) than DLB patients (70.9 ± 9.81; p = 0.047), whereas both diagnoses groups presented the same proportion of female patients (58.2%), as well as similar numbers of years of education. The prevalence of comorbidities, especially cerebrovascular risk factors such as hypertension, diabetes, dyslipidemia and active smoking were similar between the two groups. Cognitive performance measured by MMSE and TMT (version A and B) were similar between AD and DLB patients.

There were no differences in CMB prevalence between the two groups, present in 37% of DLB and in 24% of AD (p = 0.081).

Likewise, CMB were mainly localized in lobar topographies in both DLB and AD, with a prevalence of 74% and 89%, respectively, when compared to infratentorial and deep frequencies (Figure 2). However, AD patients had higher prevalence of CMB in deep topographies (17.9%) than DLB patients (6.6%; p = 0.041). In the AD group, 37.3% presented dementia, with no differences regarding CMB prevalence compared to MCI patients (29.4% vs. 23%; p = 0.547).

The mean CMB number was higher in the AD group, although this difference was not statistically different from DLB (6.8 ± 40.65 vs. As expected, AD patients had higher levels of Tau, p-Tau and lower Aβ 42 levels compared to DLB (Table 1). Furthermore, CSF AD criteria defined as IATI<0.8 was present in 65.9% of AD and 15.1% of DLB patients (p < 0.001). Also, AD patients had higher hippocampal atrophy measured by the MTA scale in both right and left sides of temporal lobes, while there were no differences in WMH between the two groups. Although all studies demonstrate that CMB are mainly localized in lobar topographies in DLB patients, we showed for the first time that this is not necessarily translated in amyloid pathology detected by CSF biomarkers. We discuss two hypotheses to explain these findings: (i) the small number of CMB per patient reflects a weaker amyloid burden, not detectable by CSF biomarkers changes and (ii) a non-amyloid pathophysiology mechanism may be related to lobar CMB in DLB.

| CMB + versus CMB-

In relation to the first hypothesis, studies in AD and CAA populations showed that CSF Aβ 1-40 and Aβ 1-42 levels decrease in those with CMB. [START_REF] Van Etten | β-Amyloid in CSF: biomarker for preclinical cerebral amyloid angiopathy[END_REF][START_REF] Noguchi-Shinohara | Cerebral amyloid angiopathy-related microbleeds and cerebrospinal fluid biomarkers in Alzheimer's disease[END_REF] While reduced levels of CSF Aβ 1-42 are associated with more rapid cognitive decline in DLB, [START_REF] Abdelnour | Alzheimer's disease cerebrospinal fluid biomarkers predict cognitive decline in lewy body dementia[END_REF] CMB detection cannot be considered a proxy of amyloid burden, at least not in the early clinical stages of the disease according or when CMB is present in small number, according to our results.

Lobar CMB have been classically associated with CAA, even though some aspects of its pathophysiology remain unclear. These knowledge gaps are exemplified by neuropathological studies that showed a topographical discordance regarding CMB localization and underlying CAA, [START_REF] Kövari | No neuropathological evidence for a direct topographical relation between microbleeds and cerebral amyloid angiopathy[END_REF][START_REF] Tanskanen | Intracerebral hemorrhage in the oldest old: a population-based study (vantaa 85+)[END_REF] which challenges the consensus knowledge that lobar CMB mirrors CAA, while infratentorial and subcortical CMB related to lipohyalinosis. CMB prevalence increases with aging, and they are found in the absence of hypertension and CAA or other comorbidities. In this case, CMB occurrence may be understood as part of the aging process, based on neurovascular changes observed in the blood-brain barrier from capillaries. [START_REF] Fisher | Cerebral microbleeds in the elderly: a pathological analysis[END_REF] Besides, other pathologies have been described as independently associated with CMB, some of them of special relevance in the older population as traumatic brain injury [START_REF] Liu | Diffuse axonal injury after traumatic cerebral microbleeds: an evaluation of imaging techniques[END_REF] and obstructive sleep apnea, [START_REF] Koo | Cerebral microbleeds on MRI in patients with obstructive sleep apnea[END_REF] which prevalence increases with aging. Finally, other studies also reported CMB associated with cocaine abuse, brain radiotherapy, infectious endocarditis, thrombotic thrombocytopenic purpura and posterior reversible encephalopathy syndrome. [START_REF] Noorbakhsh-Sabet | Association of cerebral microbleeds with cerebrospinal fluid Alzheimer-biomarkers and clinical symptoms in early dementia with Lewy bodies[END_REF] The main strength of this study is its standardized assessment of clinical, CSF and neuroimaging variables. However, its cross-sectional design does not allow us to extrapolate our conclusions regarding clinical trajectories and changing in neuroimaging features. Whether CMB detection in early DLB is a fortuitous discovery or a relevant marker of concomitant amyloid or another underlying pathology needs further investigation by longitudinal studies.

| CONCLUSION

Patients in early stages of AD and DLB have equally prevalent CMB, mainly distributed in lobar topographies. In early DLB, CMB was not associated with its core clinical symptoms or CSF AD biomarkers.

  from the Memory Resources and Research Center (CM2R) of the University Hospital of Strasbourg, since 2015. Demographic data are presented in Table 1. Patients sharing both DLB and AD clinical features were excluded from the analysis. The two groups were examined by clinicians with expertise in dementia to perform a complete anamnesis and medical examination. Using the Unified Parkinson's Disease Rating Scale III score (Movement Disorder Society Task Force on Rating Scales for Parkinson's, 2003), akinesia, rigidity, and tremor at rest were rated from 0 to 4 (0: no symptoms to 4: serious impairment). Fluctuations were assessed with the Mayo Clinic Fluctuations scale and the Newcastle-upon-Tyne Clinician Assessment of Fluctuation scale. Cognitive functions were evaluated using the following tests: Mini-Mental State Examination (MMSE) for general cognitive functions and the Trail Making Test (TMT) A and B. 11 All patients underwent brain MRI and a majority of patients underwent supplementary CSF analysis, including measurement of tau, phospho-tau, and amyloid-beta (1-42) (Innognetics's Innotest®, ELISA).
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 3 ± 5.67; p = 0.216). To further investigate the discriminative value of CMB count on AD versus DLB diagnosis, we performed a logistic regression model, which showed a trend towards a positive association between higher CMB count and AD, but the result did not reach statistical significance (OR 2.41; 0.97-5.95 95% CI; p = 0.057).

F I G U R E 1

 1 Examples of cerebral microbleeds (CMB) in patients with dementia with Lewy bodies (DLB). (A)-(F): Arrow indicates hypointense signal with blooming effect in T2*-weighted gradient-recalled echo MRI sequences corresponding to CMB with different topographic distribution in DLB patients. Patient D has multiple CMB in posterior localization F I G U R E 2 Topographic distribution of cerebral microbleeds prevalence in Alzheimer's disease (AD) and dementia with Lewy bodies (DLB) patients 854 -MENDES ET AL.

  Comparison of dementia with Lewy bodies patients with Alzheimer's disease and cognitively healthy controls

	T A B L E 1 Characteristics	AD N = 67	DLB N = 91	p values
	Age, mean (SD)	73.9 (8.64)	70.9 (9.81)	0.047
	Female, n (%)	39 (58.2)	53 (58.2)	>0.990
	Education y, mean (SD)	12.3 (4.07)	10.9 (4.06)	0.054
	Right-handed, n (%)	54 (80.6)	81 (89)	0.067
	Hypertension, n (%)	19 (28.4)	35 (38.5)	0.235
	Dyslipidemia, n (%)	16 (23.9)	22 (24.2)	>0.990
	Diabetes, n (%)	9 (13.4)	17 (18.7)	0.515
	OSA, n (%)	9 (13.4)	24 (26.4)	0.051
	Smoking, n (%)	3 (4.5)	6 (6.6)	0.734
	MMSE, mean (SD)	23.9 (3.79)	25.09 (4.23)	0.101
	TMTa sec, mean (SD)	76.2 (47.85)	80.9 (61.07)	0.619
	TMTb sec, mean (SD)	189.5 (85.46)	171.2 (95.89)	0.309
	CMB, n (%)	25 (37.3)	22 (24.2)	0.081
	Lobar, n (%)	19 (28.4)	19 (20.9)	0.347
	Deep, n (%)	12 (17.9)	6 (6.6)	0.041
	IT, n (%)	3 (4.5)	4 (4.4)	>0.990
	Strictly Lobar, n (%)	12 (17.9)	13 (14.3)	0.660
	CMB, mean (%)	6.8 (40.65)	1.3 (5.67)	0.216
	WMH 0-3, mean (SD)	1.7 (0.93)	1.5 (0.92)	0.208
	MTA 0-4 right, mean (SD)	1.6 (1.25)	1.1 (1.2)	0.027
	MTA 0-4 left, mean (SD)	1.8 (1.29)	1.2 (1.17)	0.014
		N = 41	N = 53	
	Aβ1-42 pg/ml, mean (SD) 642.2 (267.46) 830.1 (278.99) 0.001
	Tau pg/ml, mean (SD)	573.2 (303.51) 325.64 (236.96) <0.001
	p-Tau pg/ml, mean (SD)	79.1 (34.43)	47.6 (20.89) <0.001
	IATI<0.8, n (%)	27 (65.9)	8 (15.1)	<0.001
	Aβ1-42/p-Tau, mean (SD) 10.38 (7.94)	20.21 (9.91)	<0.001
	Abbreviations: AD, prodromal or mild Alzheimer's disease; CMB,
	cerebral microbleed; DLB, prodromal or mild dementia with Lewy
	bodies; IATI, Innotest® Amyloid Tau Index; IT, infratentorial; MMSE,
	mini-mental state examination; MTA, medial temporal lobe atrophy
	score; OSA, Obstructive sleep apnea; TMTa, trail making test version
	A; TMTb, trail making test version B; WMH, white matter	
	hyperintensities.			

  Comparison between DLB and AD patients with and without cerebral microbleeds Tau did not differ according to the presence of CMB.While no significant difference was observed in relation to WMH in DLB patients with and without CMB, AD patients with CMB presented an increased WMH burden compared to those without CMB, according to mean Fazekas scores (2.1 ± 0.86 vs. 1.4 ± 0.89; p = 0.005).

	was not statistically significant (p = 0.252). Furthermore, Aβ42, Tau,				
	Characteristics Age, mean (SD) Female, n (%) Education y, mean (SD) p-4 | DISCUSSION	pDLB CMB + versus CMB-N = 22 N = 69 70.6 (9.95) 71 (9.84) 9 (40.9) 44 (63.8) 11.4 (3.33) 10.8 (4.29)	p value 0.873 0.082 0.555	AD CMB + versus CMB-N = 25 N = 42 75.3 (7.37) 73.1 (9.3) 15 (60) 24 (57.1) 12.5 (3.82) 12.2 (4.26)	p value 0.319 >0.99 0.828
	Right-handed, n (%)	20 (90.1)	61 (88.4)	0.884	20 (80)	34 (80.9)	0.504
	Hypertension, n (%) This study showed that CMB are prevalent in early DLB as well as in 11 (50) 24 (34.8)	0.22	10 (40)	9 (21.4)	0.16
	Dyslipidemia, n (%) early AD, but in both cases CMB are not significantly associated with 5 (22.7) 17 (24.6)	>0.99	7 (28)	9 (21.4)	0.57
	Diabetes, n (%) amyloid pathology assessed by CSF biomarkers. Also, there was no 4 (18.2) 13 (18.8) statistically significant association of CMB with the core clinical	>0.99	5 (20)	4 (9.5)	0.28
	OSA, n (%) symptoms of DLB.	8 (36.4)	16 (23.2)	0.27	3 (12)	6 (14.3)	>0.99
	Smoking, n (%) At our knowledge, this is the first study investigating CMB 2 (9.1) 4 (5.8)	0.63	0	3 (7.1)	0.29
	MMSE, mean (SD) characteristics in early stages of DLB, considering amyloid status by 24.5 (4.52) 25.3 (4.16)	0.449	23.7 (3.53)	24.2 (4)	0.622
	TMTa sec, mean (SD) CSF biomarkers. In our study, CMB prevalence in DLB was of 24%, 67.5 (29.2) 85.3 (67.78)	0.248	69.5 (33.11)	80.4 (55.01)	0.406
	which is in agreement with the other three studies published, in				
	TMTb sec, mean (SD) which the prevalence ranged from 16.9% to 45.2%. While one study 153.3 (65.14) 177.4 (104.27)	0.361	206.4 (74.59)	176 (92.49)	0.252
	RBD, n (%) did not specify severity of dementia, 6 the other two studies describe 11 (50) 34 (49.3)	>0.99	-	-	-
	Mayo fluctuation >2-patient, n (%) severity of disease by the MMSE values and the Dementia Rating 2 (9.01) 15 (21.7)	0.217	-	-	-
	Mayo fluctuation >2-caregiver, n (%)	6 (27.3)	17 (24.6)	>0.99	-	-	-
	Fluctuation score (0-16), mean (SD)	6.3 (4.85)	4.8 (4.44)	0.258	-	-	-
	Hypomimia, n (%)	11 (50.0)	35 (50.7)	>0.99	-	-	-
	Psychotic phenomena-patient, n (%)	10 (45.5)	38 (55.1)	0.465	-	-	-
	Psychotic phenomena-caregiver, n (%)	8 (36.4)	18 (26.1)	>0.99	-	-	-
	Parkinsonism, n (%)				-	-	-
	Bradykinesia	13 (59.1)	46 (66.7)	0.411	-	-	-
	Rigidity	16 (72.7)	44 (63.8)	>0.99	-	-	-
	Tremor	3 (13.6)	17 (24.6)	0.247	-	-	-
		N = 17	N = 36		N = 14	N = 27	
	Aβ, mean (SD)	834 (321.88)	828.2 (261.28)	0.944	707 (358.69)	608.6 (205.65)	0.269
	Tau, mean (SD)	329.5 (220.7)	323.8 (247.28)	0.936	589.8 (327.83)	564.6 (296.24)	0.804
	p-TAU, mean (SD)	50.2 (29.75)	46.3 (15.45)	0.531	85.2 (40.7)	75.9 (31.04)	0.421
	IATI, n (%)	4 (18.2)	4 (5.8)	0.252	7 (50)	20 (74.1)	0.17
	WMH, mean (SD)	1.68 (0.95)	1.42 (0.91)	0.25	2.1 (0.86)	1.4 (0.89)	0.005
	MTA right, mean (SD)	1.1 (1.06)	1.1 (1.22)	0.928	1.6 (1.18)	1.7 (1.3)	0.87
	MTA left, mean (SD)	1.2 (1.12)	1.2 (1.29)	0.895	1.9 (1.22)	1.7 (1.35)	0.649
	Abbreviations: AD, prodromal or mild Alzheimer's disease; CMB, cerebral microbleed; DLB, prodromal or mild dementia with Lewy bodies; IATI, Aβ/tau
	index; IT, infratentorial; MMSE, mini-mental state examination; MTA, medial temporal lobe atrophy score; OSA, Obstructive sleep apnea; TMTa, trail
	making test version A; TMTb, trail making test version B; WMH, white matter hyperintensities.			

There were no differences regarding age, sex and years of education between patients with and without CMB, for both DLB and AD diagnoses. Similarly, global cognitive performances measured by MMSE, as well as executive functioning assessment were not significantly different in both groups. All core clinical symptoms of DLB-fluctuations, psychotic phenomena, Parkinsonism and sleep behavior disturbances were equally prevalent in patients with and without CMB (Table

2

). CSF AD pathology according to IATI was present in 18.2% of DLB patients with CMB and 5.2% without CMB, but this difference

T A B L E 2

Scale, showing more severe cases than those in our study. Altogether, these results demonstrate that CMB are detected in different stages of the disease, but so far, no association with the severity of dementia in DLB was demonstrated.
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