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Background and Purpose Possible differences in the prevalence of cerebral amyloid angiopathy 
(CAA) in East-Asian compared to Western populations have received little attention, and results so 
far have been ambiguous. Our aim is to compare the prevalence of CAA neuropathology and 
magnetic resonance imaging markers of CAA in East-Asian and Western cohorts reflecting the 
general population, cognitively normal elderly, patients with Alzheimer’s disease (AD), and patients 
with (lobar) intracerebral hemorrhage (ICH).
Methods We performed a systematic literature search in PubMed and Embase for original research 
papers on the prevalence of CAA and imaging markers of CAA published up until February 17th 
2022. Records were screened by two independent reviewers. Pooled estimates were determined 
using random-effects models. We compared studies from Japan, China, Taiwan, South Korea (East-
Asian cohorts) to studies from Europe or North America (Western cohorts) by meta-regression models.
Results We identified 12,257 unique records, and we included 143 studies on Western study 
populations and 53 studies on East-Asian study populations. Prevalence of CAA neuropathology 
did not differ between East-Asian and Western cohorts in any of the investigated patient domains. 
The prevalence of strictly lobar microbleeds was lower in East-Asian cohorts of population-based 
individuals (5.6% vs. 11.4%, P=0.020), cognitively normal elderly (2.6% vs. 11.4%, P=0.001), and 
patients with ICH (10.2% vs. 24.6%, P<0.0001). However, age was in general lower in the East-
Asian cohorts.
Conclusion The prevalence of CAA neuropathology in the general population, cognitively normal 
elderly, patients with AD, and patients with (lobar) ICH is similar in East-Asian and Western countries. 
In East-Asian cohorts reflecting the general population, cognitively normal elderly, and patients with 
ICH, strictly lobar microbleeds were less prevalent, likely due to their younger age. Consideration of 
potential presence of CAA is warranted in decisions regarding antithrombotic treatment and 
potential new anti-amyloid-β immunotherapy as treatment for AD in East-Asian and Western 
countries alike.
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Introduction

Cerebral amyloid angiopathy (CAA) is a vasculopathy character-
ized by the accumulation of amyloid-β (Aβ) in cerebral vessel 
walls. CAA is associated with an increased risk of cognitive de-
cline and intracerebral hemorrhage (ICH).1,2 We have recently 
shown that approximately a quarter of the general elderly pop-
ulation has moderate-to-severe CAA pathology.3 This underlines 
the importance of considering CAA in the differential diagnosis 
of patients presenting with cognitive decline or with transient 
neurological symptoms, which could indicate CAA-related tran-
sient focal neurological episodes (TFNEs). TFNEs are often mis-
takenly diagnosed as transient ischemic attacks, migraine aura, 
or focal seizures.4 Interestingly, it has been suggested that super-
ficial siderosis may induce seizure activity resulting in cortical 
spreading depression, which can cause focal seizures manifest-
ing as TFNEs.5 Avoiding misdiagnosis in patients with CAA is cru-
cial, since the use of antithrombotic medication in CAA patients 
might be associated with an increased risk on ICH.6 

Alzheimer’s disease (AD) and CAA pathology frequently co-
occur: moderate-to-severe CAA pathology is present in almost 
50% of AD patients.3 Recently, this has become increasingly im-
portant, as increased vascular Aβ deposition and subsequent lo-
cal inflammation can occur as a frequent side-effect of anti-Aβ 
immunotherapy.7 With the US Food and Drug Administration 
(FDA) approval of aducanumab8 and lecanumab9 as treatment 
for AD (The FDA approval of donanemab has been delayed to 
convene an advisory committee meeting to discuss the safety 
and efficacy data as of March 2024), proper awareness of the 
high prevalence of CAA has become even more important. 

A definite diagnosis of CAA requires neuropathological post-
mortem investigation of brain tissue. Clinically, probable or pos-
sible CAA can be diagnosed using the Boston Criteria 2.0, which 
are based on the presence of strictly lobar hemorrhagic lesions 
(ICH, cerebral microbleeds, cortical superficial siderosis [cSS], or 
convexity subarachnoidal hemorrhage) and associated white 
matter characteristics (severe perivascular spaces in the semi-
oval center or white matter hyperintensities in a multispot pat-
tern), in combination with clinical symptoms of ICH, TFNEs, or 
cognitive impairment.10 These criteria are most accurate in pa-
tients presenting with ICH (sensitivity 90%, specificity 93%), and 
have a lower sensitivity (55%) and similar specificity (96%) to 
diagnose CAA in patients with presentations other than ICH.10 
Insight into the prevalence of CAA in different ethnicities may be 
helpful to estimate the a priori chance of CAA in individual pa-
tients. This is especially relevant in the light of risk assessment 
before treatment of AD patients with immunotherapy, as AD pa-
tients with more severe CAA are at increased risk of developing 

side effects.11 Furthermore, more insight into the etiology of ICH 
or cognitive impairment in ethnic groups may inform tailored 
prevention measures such as intensified cardiovascular risk fac-
tor management. 

Few studies have investigated the differences in CAA prevalence 
in East-Asian versus Western populations. It has been suggested 
that the proportion of CAA-related ICH is lower in East-Asian pop-
ulations than in Western populations,12 and that prevalence and 
severity of CAA pathology are lower in East-Asian populations.13,14 
A comparison of six East-Asian studies to four Western studies 
showed lower age-specific prevalence rates of CAA pathology 
in East-Asian versus Western populations; however, formal sta-
tistical assessment was not performed.15 A more recent study 
on the prevalence of strictly lobar microbleeds in East-Asian ver-
sus Western populations did not show a difference in the prev-
alence and number of strictly lobar microbleeds, although a sen-
sitivity analysis showed a trend towards higher prevalence of 
multiple strictly lobar microbleeds in Western populations.16 This 
study also found a higher prevalence of strictly deep (a marker of 
deep perforator arteriopathy or arteriolosclerosis) and mixed mi-
crobleeds in East-Asian populations.

We set out to investigate the geographical differences of CAA 
prevalence in more detail, by performing a systematic review and 
meta-analysis to compare the prevalence of both CAA pathology 
and neuro-imaging markers associated with CAA in East-Asian 
versus Western populations. 

Methods

For this systematic review and meta-analysis, we followed the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. 

Search strategy and selection criteria
We updated our previous comprehensive search strategy (per-
formed in March 2018 and updated in June 2019) in Embase 
and PubMed3 on February 17, 2022. The search syntax included 
the keywords “cerebral amyloid angiopathy,” “cerebral hemor-
rhage,” “neuroimaging,” “neuropathology,” “amyloid-beta,” and 
“microbleeds.” Controlled search terms (Medical Subject Head-
ings [MeSH] term) were combined with free text words. The ref-
erence lists of eligible studies and relevant reviews were searched 
for additional potentially relevant studies. We applied neither 
date nor language restrictions; papers were translated when 
necessary. References were imported into Endnote 20, which 
was used to remove duplicates. The protocol for this review, to 
which we now added the geographical subgroup analyses, was 
registered in the International Prospective Register of System-
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atic Reviews (PROSPERO; registration number CRD42018093159).

Inclusion and exclusion criteria 
Primary research papers were eligible for inclusion if they de-
scribed one of the following study populations: (1) general pop-
ulation (community-dwelling elderly, or consecutive autopsy 
series in case of a subset of pathology studies), (2) cognitively 
healthy elderly (no mild cognitive impairment or dementia, no 
stroke), (3) patients with AD (either clinically or pathologically 
diagnosed), (4) patients with ICH (irrespective of location), or (5) 
patients with lobar ICH. If a study reported on more than one of 
these study populations and segregation of data was not pos-
sible, the study was excluded. We included papers that reported 
summary estimates on at least one of the following outcome 
parameters: (1) CAA prevalence according to neuropathological 
assessment, (2) CAA prevalence according to the (modified) Bos-
ton criteria (v1.0 or v1.5),17,18 (3) the prevalence of strictly lobar 
cerebral microbleeds, or (4) the prevalence of cortical superficial 
siderosis. Other inclusion criteria were: (1) study population com-
prised at least 10 subjects, (2) mean age (or median age, if mean 
age was not reported) of the population of ≥55 years, and (3) 
clearly defined diagnostic criteria to detect CAA which included 
the use of either neuropathology or MRI (T2* or susceptibility-
weighted imaging [SWI]). Studies were excluded if they were (1) 
reviews, conference abstracts, commentaries, editorials, policy 
reports; (2) primarily focused on other pathologies as a cause of 
hemorrhagic neuroimaging markers, such as central nervous sys-
tem malignancy, vascular malformation, excessive warfarin use, 
antecedent head trauma or ischemic stroke, vasculitis, blood 
dyscrasia or coagulopathy; or (3) focused on patients with iso-
lated convexity subarachnoid hemorrhage. If multiple papers 
reported on overlapping parts of the same cohort, the study re-
porting on the largest population was included. Finally, we se-
lected the papers that reported on East-Asian study populations 
(China, Japan, South Korea, and Taiwan), and those reporting on 
Western study populations (from Europe and North America). 

Data extraction and analysis 
Data extraction was performed in Covidence systematic review 
software (Melbourne, Australia)19 by two independent authors 
as previously described.3 Quality of the studies was assessed us-
ing an adapted and combined version of the quality assessment 
tools by Hoy et al.20 and the Newcastle-Ottawa scale21 as previ-
ously described.3 A lower score corresponds to higher quality and 
the maximum possible score was 18 points. The median quality 
assessment scores with interquartile ranges (IQR) for studies on 
neuropathology and microbleeds were calculated separately.

For the CAA pathology studies, moderate-to-severe CAA was 

considered the primary outcome, but also data on mild-to-se-
vere CAA (including all CAA grades) was extracted. When the 
Boston criteria were used for CAA diagnosis, probable CAA was 
considered the primary outcome. In addition to the information 
on the prevalence of strictly lobar microbleeds and cortical su-
perficial siderosis, we also collected information on prevalence 
of deep and mixed microbleeds. Not all outcomes were avail-
able for every domain. Statistical analyses were performed using 
the “meta” (version 7.0-0) and “metafor” (version 4.4-0) pack-
ages of R (version 4.1.3; R Foundation for Statistical Comput-
ing, Vienna, Austria). Pooled prevalence estimates of CAA were 
calculated as previously described,3 using a DerSimonian-Laird 
random-effects model on Freeman-Tukey double arcsine-trans-
formed data. In the same way, pooled prevalence estimates of 
hypertension were calculated. Heterogeneity was quantified us-
ing I2 statistics22 and tested using Cochran’s Q. Potential geo-
graphical differences were assessed by univariable meta-re-
gression analysis with geographical region as modifier and the 
prevalence in the two regions as outcome. In addition, a multi-
variable model with both geographical location and mean age 
(or median or midpoint of range, if mean was not reported) were 
included as modifiers. A P-value of less than 0.05 was considered 
statistically significant.

We have previously shown that CAA prevalence estimates are 
not influenced by the choice of random-effects model (as gen-
eralized linear mixed models did yield similar estimates), outli-
ers (as assessed by influence analyses), low-quality studies (as 
sensitivity analysis including only high-quality studies yielded 
comparable estimates), and reporting bias (as assessed by in-
spection of funnel plots and Egger’s tests).3 Therefore sensitivity 
analyses were not performed for the geographical subgroups. 

Data availability
Data used in this study are available to qualified investigators 
on request to the corresponding author.

Results

The combined searches resulted in 12,257 unique records. After 
full-text screening, a total of 196 studies were included that ful-
filled the inclusion criteria (Figure 1, Table 1, and Supplemen-
tary Tables 1-19). Of these studies, 76 reported on European and 
68 on North-American study populations (in total 56,788 par-
ticipants, and one study pooled a European with a North-Amer-
ican population)23 and 53 reported on East-Asian study popula-
tions (24,920 participants). Ten studies were conducted in other 
countries (including one study of which we could not find out 
where the participants came from despite contacting the au-
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thors), these were not included into the analyses (Figure 2). The 
median quality assessment score of East-Asian studies was 2.5 
(IQR 1.0–4.5) and of Western studies 4.0 (IQR 2.25–6.0) (Table 2). 
The median quality assessment score of imaging studies was 
2.0 (IQR 1.0–3.625) and of pathology studies 4.0 (IQR 2.5–6.0) 
(Table 2). Prevalence rates of hypertension were comparable in 
East-Asian and Western studies (Table 3). Details regarding MRI 
slice thickness, field strength, and use of SWI can be found in 
Table 4. 

In the general population, prevalences of mild-to-severe CAA 
(East-Asian: 28.5% vs. Western: 46.0%) and moderate-to-se-
vere CAA (East-Asian: 22.4% vs. Western: 23.5%) (Supplemen-
tary Figure 1) were similar in both geographical locations (Table 1). 
The prevalence of strictly lobar microbleeds was significantly 
lower in the East-Asian (5.6%) compared to the Western (11.4%, 
P=0.020) (Supplementary Figure 2) general population. However, 

East-Asian cohorts were on average 6 years younger compared 
to Western cohorts, and after inclusion of age into the regres-
sion model the geographical difference disappeared (P=0.17). 
East-Asian cohorts had a higher prevalence of deep microbleeds 
(5.7%) compared to Western cohorts (2.7%, P=0.008 [P<0.0001 
in the multivariable model]) as well as a tendency towards a 
higher prevalence of mixed microbleeds (3.4% vs. 1.7%, P=0.092 
[P=0.002 in the multivariable model]). 

In cognitively normal elderly, prevalence of mild-to-severe 
CAA (33.2% vs. 30.7%) did not differ between East-Asian and 
Western cohorts. No East-Asian studies were included that spe-
cifically reported on moderate-to-severe CAA (Table 1 and Sup-
plementary Figure 3). There was a significantly lower prevalence 
of strictly lobar microbleeds (2.6% vs. 11.4%, P=0.001) (Supple-
mentary Figure 4) in East-Asian versus Western cohorts of cog-
nitively normal elderly that on average were of comparable age. 
However, this difference was no longer present when age was 
taken into account (P=0.056). The prevalence of mixed micro-
bleeds and strictly deep microbleeds did not differ between East-
Asian and Western studies. The prevalence of cSS was similar in 
East-Asian (1.0%) and Western (0.6%) cohorts of cognitively nor-
mal elderly.

In patients with AD, the prevalence of mild-to-severe CAA 
(83.3% v.s 77.5%) and moderate-to-severe CAA (55.4% vs. 44.1%) 
(Supplementary Figure 5) was similar in East-Asian and Western 
cohorts (Table 1). The prevalence of strictly lobar microbleeds 
(22.2% vs. 23.8%) (Supplementary Figure 6), mixed microbleeds 
(5.7% vs. 6.3%), and strictly deep microbleeds (5.9% vs. 5.6%), 
and cSS (3.9% vs. 4.3%) was similar as well. Including age into 
the regression model did not alter the results.

In patients with ICH, the prevalence of mild-to-severe CAA 
(27.0% vs. 27.1%) and moderate-to-severe CAA (11.8% vs. 26.3%) 
(Supplementary Figure 7) did not differ between East-Asian and 
Western cohorts (Table 1). The prevalence of strictly lobar micro-
bleeds was lower in East-Asian (10.2%) compared to Western 
(24.6%, P<0.0001 [P=0.008 in the multivariable model]) (Sup-
plementary Figure 8) cohorts of ICH patients, with East-Asian 
cohorts being on average 7 years younger. In contrast, the prev-
alence of mixed microbleeds was higher in East-Asian cohorts 
(40.6%) compared to Western cohorts (20.6%, P=0.045), but 
not in the multivariable model (P=0.15). There was a tendency 
towards a lower prevalence of probable CAA according to the 
Boston criteria in East-Asian versus Western countries (9.5% vs. 
27.4%, P=0.026), albeit not in the multivariable model (P=0.14). 
The prevalence of strictly deep microbleeds (21.8% vs. 16.7%, 
P=0.42) and of cSS (10.1% vs. 16.8%, P=0.13) was similar. 

In patients with lobar ICH, the prevalence of mild-to-severe 
CAA (52.2% vs. 51.9%) and moderate-to-severe CAA (49.7% 
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Figure 1. Flow diagram depicting the identification of records during three 
searches of PubMed and Embase as well the inclusion and exclusion of re-
cords during different screening stages. CAA, cerebral amyloid angiopathy.
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vs. 59.0%) did not differ between East-Asian and Western co-
horts (Table 1). No East-Asian imaging studies were included, 
and therefore, no comparison between the prevalence of imag-
ing markers could be made.

Discussion

We demonstrate that the prevalence of CAA pathology does 
not differ between East-Asian and Western cohorts reflecting 
the general population, cognitively normal elderly, patients with 
AD, patients with ICH, and patients with lobar ICH. Furthermore, 
we found that in the East-Asian general population, cognitively 
normal elderly, and patients with ICH, the estimated prevalence 
of strictly lobar microbleeds was lower compared to Western 
cohorts, although this may be partly explained by a lower mean 
age in East-Asian cohorts. 

Only a few studies to date have compared the prevalence of 
CAA pathology in East-Asian and Western countries.13-15 We re-
port comparable prevalence estimates of moderate-to-severe 
CAA in the East-Asian (22.4%) and Western (23.5%) general pop-
ulation. In addition, potential geographical differences regard-
ing the prevalence of CAA imaging markers have received only 
limited attention. In an individual participant meta-analysis cor-
rected for age, deep/infratentorial and mixed microbleeds were 
more commonly present in East-Asian (e.g., from Japan, South 
Korea, and China) versus Western (e.g., from Iceland, Australia, 
and the USA) stroke-free individuals aged 55–75 years (odds ra-
tio [OR] 2.78, 95% confidence interval [CI] 1.77–4.35, P<0.002).16 
In contrast, the prevalence of strictly lobar microbleeds did not 
differ (OR 0.70, 95% CI 0.29–1.72, P=0.44) between East-Asian 
and Western individuals, although a trend was observed in a 
sensitivity analysis assessing only the prevalence of multiple 
strictly lobar microbleeds (OR 0.43, 95% CI 0.17–1.04, P=0.062). 
This individual participant data meta-analysis supports our study-
level multivariable analysis in which East-Asian location was as-
sociated with a higher prevalence of mixed and strictly deep mi-
crobleeds in cohorts reflecting the general population. In our 
univariable, but not multivariable model, Western geographic lo-
cation was associated with a higher prevalence of strictly lobar 
microbleeds in the general population, indicating at best a weak 
association between geographic location and the occurrence of 
strictly lobar microbleeds. Most likely, the lower prevalence of 
strictly lobar microbleeds in East-Asian study populations com-
pared to Western study populations is due to a higher incidence 
of mixed microbleeds.

We show that the prevalence of CAA pathology and strictly 
lobar microbleeds does not differ between East-Asian and West-
ern cohorts of patients with AD. This finding is relevant given Ta
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recent developments in the field of AD treatments. In 2021, adu-
canumab was approved by the FDA as a treatment for AD, and 
in January 2023, the FDA approved lecanemab.8,9 In addition, 
lecanemab (but not aducanumab) was approved by the Ministry 
of Health, Labour and Welfare in Japan in September 2023,24 and 

by the National Medical Products Administration in China in 
January 2024.25 However, the safety and efficacy of aducanumab 
and lecanemab remain controversial.26-28 Both immunotherapies 
come with frequent adverse effects in the form of amyloid-relat-
ed imaging abnormalities (ARIA). ARIA is thought to reflect local 
inflammation associated with vascular deposition of Aβ that has 
been released as a result of antibody-mediated breakdown of 
neuritic plaques.2 This leads to vasogenic edema (ARIA-E) and/or 
microbleeds, cortical superficial siderosis, and ICHs (ARIA-H). 
ARIA is asymptomatic in about 75% of patients, but may lead 
to headache, confusion, nausea, visual disturbances, and dizzi-
ness.27,29 Immunotherapy may exacerbate pre-existing CAA, which 
is present in many patients with AD. Therefore, patients with AD 
and concomitant moderate-to-severe CAA are at higher risk of 
developing ARIA. It is therefore recommended to exert extreme 
caution when prescribing immunotherapy treatment in patients 
with AD with concomitant moderate-to-severe CAA, especially 
when they have other risk factors for ICH, such as anticoagulant 
use.11 Furthermore, the apolipoprotein E (APOE) ε4 allele is a 
risk factor for severe CAA, since it has been found that APOE ε4 
carriers have more severe CAA, even when controlling for the 
extent of AD pathology.30 In addition, it has been found that 
ARIA-E incidence is APOE ε4-dependent.11 The FDA label lec-
anemab contains the recommendation to test for APOE ε4 sta-
tus prior to initiation of treatment, and discuss the accompanied 
risk of ARIA with patients. It remains a challenge to clinically 

Table 2. Assessment of quality of East-Asian and Western studies

East-Asian Western

General population

Pathology 2.0 [0.0–3.0] 3.5 [1.4–6.0]

  Strictly lobar CMBs 2.0 [0.8–2.3] 1.0 [1.0–1.4]

Cognitively normal elderly

Pathology 3.5 [3.3–3.8] 4.5 [3.3–6.5]

  Strictly lobar CMBs 2.0 [0.0–2.0] 2.5 [1.0–3.0]

Patients with AD

Pathology 4.0 [2.3–6.9] 4.0 [3.0–7.0]

  Strictly lobar CMBs 2.5 [1.0–5.0] 2.8 [1.0–3.0]

Patients with ICH

Pathology 2.0 [2.0–5.0] 4.0 [1.0–5.5]

  Strictly lobar CMBs 0.0 [0–0.6] 3.5 [2.1–5.3]

Patients with lobar ICH

Pathology 5.5 [4.0–6.0] 5.0 [4.0–6.0]

  Strictly lobar CMBs NA 4.5

Values are presented as median [interquartile range].
CMBs, cerebral microbleeds; AD, Alzheimer’s disease; ICH, intracerebral 
hemorrhage; NA, not available.

Figure 2. Of 196 included studies, 76 reported on European populations (one study pooled participants from Belgium and UK), 68 on North American study 
populations (one study pooled participants from The Netherlands and USA), and 53 reported on East-Asian study populations (in yellow). Included Western 
countries are indicated in red. In addition, 10 studies were conducted in other countries (of which in one study, the country was unclear). 
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establish the severity of concomitant CAA, but it is important to 
note that in the phase III lecanemab trial, AD patients with four 
or more microbleeds, cortical superficial siderosis, and/or an ICH 
of >1 cm were excluded.9 In addition, it was recently found that 
the presence of two to four microbleeds more than doubled the 
risk of ARIA-E in the phase II and III donanemab trials.31 Our 
data indicates that CAA is equally prevalent in East-Asian com-
pared to Western patients with AD. Therefore, screening for CAA 
and caution is warranted when prescribing immunotherapy to 
East-Asian as well as to Western patients with AD. 

It has been suggested that the proportion of ICH caused by 
CAA is lower in Asian compared to Western countries.15 This po-
tential difference has been systematically assessed by studying 
consecutive patients with spontaneous ICH at two stroke cen-

ters during the same time period; one in the UK (279 patients) 
and one in Japan (214 patients).12 Patients from the Japanese 
center had lower odds of CAA-related ICH (OR 0.55, 95% CI 
0.31–0.98)12 according to the Edinburgh criteria.32 The authors 
observed proportions of CAA-related ICH of 10.2% in patients of 
East-Asian ethnicity and 23.8% in patients of white ethnicity. 
As the incidence of ICH is twice as high in East-Asian compared 
to white populations (51.8 vs. 24.2 per 100,000 person-years),33 
the authors estimated that the incidence for CAA-related ICH is 
comparable for East-Asian and white populations (5.3 vs. 5.8 
per 100,000 person-years). In contrast, the incidence of other 
types of ICH (mainly associated with deep perforator vasculop-
athy) was 2.5-fold higher in those of East-Asian ethnicity com-
pared to those of white ethnicity (46.5 vs. 18.4 per 100,000 per-

Table 4. MRI parameters used in East-Asian versus Western studies reporting the prevalence of strictly lobar microbleeds

East-Asian Western

Weighted mean slice 
thickness (mm)

Weighted mean field 
strength (tesla)

SWI use (%)
Weighted mean slice 

thickness (mm)
Weighted mean field 

strength (tesla)
SWI use (%)

General population 4.29 (7/8) 1.89 (7/8) 33.7 (8/8) 2.79 (5/6) 1.70 (6/6) 0.6 (6/6)

Cognitively normal elderly 5.68 (9/9) 1.82 (9/9) 16.2 (9/9) 3.58 (13/13) 1.94 (13/13) 0.8 (13/13)

Patients with AD 3.79 (8/9) 1.94 (7/9) 25.7 (9/9) 3.53 (8/10) 2.33 (10/10) 9.5 (9/10)

Patients with ICH 1.58 (2/4) 2.9 (4/4) 93.9 (3/4) 2.72 (3/9) 3.77 (3/8) 28.0 (5/8)

Weighted means (taking the number of individuals per study into account) were calculated for the used slice thickness and field strength in studies. In paren-
thesis, the number of studies reporting details on the used MRI acquisition in comparison to the total number of included studies is provided. No imaging 
studies were included regarding East-Asian patients with lobar ICH.
MRI, magnetic resonance imaging; SWI, susceptibility-weighted imaging; AD, Alzheimer’s disease; ICH, intracerebral hemorrhage.

Table 3. The prevalence of hypertension in East-Asian versus Western cohorts

East-Asian Western
Meta-regression model (P)

Prevalence of hypertension [95% CI] Prevalence of hypertension [95% CI]

General population

Pathology NA (0/5) 57.3 [50.7–63.8] (6/20) NA

Strictly lobar CMBs 53.2 [41.8–64.4] (7/8) 59.3 [37.8–79.1] (5/6) 0.62

Cognitively normal elderly

Pathology NA (0/2) 44.2 [20.0–69.9] (4/35) NA

Strictly lobar CMBs 42.6 [33.5–52.0] (8/9) 54.9 [38.0–71.2] (9/13) 0.22

Patients with AD

Pathology NA (0/6) 38.7 [28.6–49.2] (8/52) NA

Strictly lobar CMBs 35.3 [29.6–41.1] (8/9) 40.6 [32.3–49.2] (5/10) 0.33

Patients with ICH

Pathology 67.2 [64.2–70.1] (2/3) 79.7 [61.5–93.4] (6/9) 0.38

Strictly lobar CMBs 71.3 [66.6–75.8] (3/4) 65.2 [57.9–72.1] (6/8) 0.16

Patients with lobar ICH

Pathology 48.3 [30.2–66.6] (1/5) 73.8 [46.7–94.0] (4/5) 0.41

Strictly lobar CMBs NA (0/0) 58.6 [50.3–66.6] (1/1) NA

In parenthesis, the number of studies reporting details on the used MRI acquisition in comparison to the total number of included studies is provided. A uni-
variable meta-regression model was applied to compare the prevalence of hypertension between East-Asian and Western participants.
CI, confidence interval; CMBs, cerebral microbleeds; AD, Alzheimer’s disease; ICH, intracerebral hemorrhage; MRI, magnetic resonance imaging; CI, confidence 
interval; NA, not available.
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son-years).12 This indicates that the lower proportion of CAA-
related ICH in East-Asian individuals with ICH is due to a higher 
incidence of ICH related to deep perforator vasculopathy rather 
than to a lower incidence of CAA-related ICH. This may also con-
tribute to our finding that the prevalence of strictly lobar micro-
bleeds was 2.5 times lower in East-Asian cohorts of ICH patients 
than in Western cohorts. Unfortunately, the East-Asian studies 
reporting on MRI markers of CAA that we included in our meta-
analysis provided no details on ICH location. 

Hypertension is considered a risk factor for deep microbleeds 
and deep ICH.34,35 However, in previous studies demonstrating a 
higher prevalence of deep microbleeds16 in East-Asian (compared 
to Western) stroke-free individuals and a higher proportion of 
deep ICH in East-Asian (compared to white) ICH patients,12 the 
prevalence of hypertension did not differ between East-Asian 
participants and their Western counterparts. Similarly, we did 
not find evidence for a higher prevalence of hypertension in East-
Asian cohorts, whereas deep and mixed microbleeds were more 
prevalent in the East-Asian general population and patients with 
ICH. It is possible that the increased prevalence of deep and mixed 
microbleeds might also be due to an increased susceptibility to 
develop hemorrhagic brain lesions in East-Asian individuals.12,36 
Whereas the exact underlying mechanisms of this increased sus-
ceptibility are yet unknown, East-Asians carrying an APOE ε2 or 
APOE ε4 allele have increased susceptibility to develop hemor-
rhagic lesions compared to Europeans with similar APOE poly-
morphisms.37,38 Another explanation may be that epidermal growth 
factor-like repeat (EGFr) cysteine-altering NOTCH3 mutations are 
more common in East-Asian populations than in Europe (9/1,000 
vs. 3/1,000).39 Such mutations may result in a mild CADASIL (ce-
rebral autosomal dominant arteriopathy with subcortical infarcts 
and leukoencephalopathy)-phenotype clinically indistinguishable 
from sporadic small vessel disease. In addition, a meta-analysis 
found that the occurrence rate of ICH in CADASIL is higher in 
CADASIL patients from Asia (17.7%) compared to CADASIL pa-
tients in Europe (2%).40 

Strengths of this study include our comprehensive search and 
selection strategy, resulting in the largest dataset to date on 
available papers that report the prevalence of CAA. Additional-
ly, we included papers both on CAA pathology as well as on ra-
diological markers for CAA, enabling us to determine a reliable 
estimate of the prevalence of CAA in Western and East-Asian 
countries. Limitations of this study include the heterogeneity in 
methods that have been used to assess CAA pathology,3 as well 
as potential differences between MRI acquisition protocols, of 
which we previously demonstrated this influenced the detection 
of microbleeds.3 Also, included studies varied in quality, which 
may have introduced a bias. Another limitation is the large age 

differences (up to 15 years) between East-Asian and Western 
cohorts reflecting the general population and ICH patients. Mi-
crobleed prevalence has been reported to be associated with 
age.3,36,41 We corrected for age in an additional statistical model 
but due to the small number of studies, and because we did not 
have individual patient data, no firm conclusions can be drawn 
from this model. However, the observation that the East-Asian 
populations were on average younger and that the prevalence 
of CAA pathology and of strictly lobar microbleeds were lower 
in East-Asians, may imply that the prevalence of these outcomes 
would be more similar to Western-based cohort when they 
would have been of similar age. Furthermore, our comprehensive 
search was designed to include all studies on strictly lobar mi-
crobleeds and we might not have included all available studies 
on deep or mixed microbleeds. Finally, we included studies based 
on the country they were conducted rather than ethnicity of the 
study populations. Therefore there may have been East-Asian 
participants in the Western cohorts and vice versa. 

Conclusions

In this comprehensive meta-analysis, we show that the preva-
lence of pathologically established CAA is similar in East-Asian 
and Western countries, and radiological markers associated with 
CAA, i.e., strictly lobar microbleeds, are less prevalent in East-
Asian cohorts of population-based individuals and cognitively 
normal elderly. The latter observation may be due to younger 
East-Asian cohorts, since after correction for age the difference 
was non-significant. In contrast, we show that the prevalence 
of strictly deep microbleeds and mixed microbleeds is higher in 
East-Asian population-based cohorts, even after correction for 
age. This indicates that deep perforating vasculopathy is more 
widely present in East-Asian populations and suggests that pre-
ventive measures are urgently warranted in these regions. Fur-
thermore, caution should be employed when including East-Asian 
as well as Western patients with AD in immunotherapy trials 
considering similar prevalence estimates of pathological estab-
lished CAA.
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Supplementary materials related to this article can be found 
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Supplementary Table 1. Overview of the study characteristics and reported prevalence of CAA pathology in the general population

Author Year Country Area Definition domain 
Study acronym/ 
name of cohort

n
Age: 

mean (SD) or 
median (range)

Female 
(%)

Hypertension 
(%)

Prevalence CAA 
pathology:  

any (mild/moderate/
severe/moderate-to-

severe; %)

QA

Alafuzoff1 2020 Sweden West Autopsy subjects aged 
80–89 yrs

Uppsala University 
Hospital

119 84.1 (2.2) NR NR 27 (NR/NR/NR/NR) 6

Alafuzoff2 2009 Finland West Population that had 
been under continuous 
clinical follow-up 
because of a chronic 
disease

Kuopio University 
Hospital

701 NR 59.7 NR 25 (NR/NR/NR/NR) 2.5

Attems3 2008 Austria West Hospital population 3 hospitals in 
Vienna

2,060 78.5 (6.8) 54.0 NR 49 (NR/NR/NR/NR) 4

Cholerton4 2013 USA West Population,  
dementia-free at 
baseline

ACT 363 87.4 (6.7) 53.5 NR 31 (16/13/2/15) 5.5

Conner5 2019 USA West Community-based, 
longitudinal cohort 
study

Framingham 
Original, 
Offspring and 
Omni I cohorts

129 84.1 57.7 53.5 78 (52/19/7/26) 2

Erten-Lyons6 2013 USA West Population, initially 
free of dementia, 
chronic diseases, and 
depression at baseline, 
later, people with 
chronic disease and 
dementia (but not 
depression) were also 
included

Oregon Brain 
Aging Study

71 94.7 (5.5) 45.6 NR 37 (NR/NR/NR/NR) 5.5

Hamasaki7 2022 Japan East 
Asia

Population ≥40 years, 
autopsied between 
2009–2014

Hisayama 228 83 47.3 NR 36 (11/14/11/25) 0

Hamilton8 2021 UK West Recruited brain donors 
at six sites across the 
UK

Brains for 
Dementia 
Research

789 84.8 NR 52.0 NR (NR/NR/NR/30) 1.5

Itoh9 1993 Japan East 
Asia

Hospital population Yokufukai Geriatric 
Hospital

160 84.4 (7.7) 60.1 NR 48 (26/11/11/22) 3

Karanth10 2022 USA West Community-based 
cohort without 
dementia, stroke/TIA, 
major psychiatric/
neurologic illness, or 
chronic infectious 
disease at baseline.

UK-ADRC 785 83.8 (8.6) NR 54.6 NR (NR/NR/NR/27) 9.5

Kovacs11 2013 Austria West Population, born 
between May 1925 
and June 1926 

VITA 223 82* 50.5 NR 51 (NR/NR/NR/NR) 3

Kövari12 2013 Switzerland West Hospital population University 
Hospitals Geneva 
2007

91 78.2 (11) 56.6 NR 54 (NR/NR/NR/NR) 0

Kövari13 2015 Switzerland West Hospital population University 
Hospitals Geneva 
2012–2014

113 81.1 (10.8) 45.5 NR 44 (NR/NR/NR/NR) 0

Masuda14 1988 Japan East 
Asia

Population ≥40 years, 
autopsied between 
1971–1983

Hisayama residents 400 NR 57.8 NR 23 (NR/NR/NR/NR) 0

Matthews15 2009 UK West Population ≥65 years MRC CFAS 
(1989–2004)

446 81*† 38.0 NR 43 (20/19/4/23) 6

Moghekar16 2012 USA West Population ≥70 years, 
dementia-free at 
baseline

BLSA 50 88.6 (5.8) 40.0 68.0 46 (NR/NR/NR/NR) 3.5
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Supplementary Table 1. Continued

Author Year Country Area Definition domain 
Study acronym/ 
name of cohort

n
Age: 

mean (SD) or 
median (range)

Female 
(%)

Hypertension 
(%)

Prevalence CAA 
pathology:  

any (mild/moderate/
severe/moderate-to-

severe; %)

QA

Ng17 1991 China East 
Asia

Hospital population NR 210 70.5† 66.8 NR 10 (NR/NR/3/NR) 2

Oveisgharan18 2018 USA West ROS: older Catholic 
nuns, priests and 
brothers. MAP: 
population from 
Chicago area. 
Dementia-free at 
baseline

ROS & MAP 1,453 88.6 70.8 65.4 76 (41/22/13/35) 6

Robinson19 2018 USA West Population ≥90 years 90+ Study 185 97.7 (3.6) 68.0 NR 16 (9/7/0/7) 6

Robinson20 2018 UK West Population,  
dementia-free at 
baseline

UMLS CNHOA 97 89 (72–104)* 51.6 NR NR (NR/NR/NR/27) 3.5

Tanprasertsuk21 2019 USA West Population ≥98 years Georgia 
Centenarian 
study 

49 102.2 (2.5) 82.7 51.0 59 (35/12/12/24) 10.5

Tanskanen22 2012 Finland West Population ≥85 years Vantaa 85+ Study 306 92.3 42.9 NR 70 (NR/NR/NR/NR) 1

Vinters23 1983 Canada West Hospital population Victoria Hospital 84 77.5 50.0 NR 36 (NR/NR/17/NR) 1

Vonsattel24 1991 USA West Hospital population 
≥75 years, without 
ICH 

MGH 66 82.3 47.8 NR 45 (20/24/2/26) 1

Xu25 2003 China East 
Asia

Hospital population 
≥60 years 

Chinese PLA 
General Hospital 

362 77.5 NR NR 31 (10/14/7/21) 5.5

Prevalence of CAA pathology shows the overall prevalence (irrespective of CAA grade), and, if reported, the prevalence of different stages of CAA (mild, mod-
erate, severe, or moderate-to-severe).
ACT, Adult Changes in Thought cohort; BLSA, Baltimore Longitudinal Study of Aging; MAP, Rush Memory and Aging Project; MGH, Massachusetts General 
Hospital; MRC CFAS, Medical Research Council Cognitive Function and Ageing Study; PLA, People Liberation Army; ROS, Religious Orders Study; UMLS 
CNHOA, University of Manchester Longitudinal Study of Cognition in Normal Healthy Old Age; UK-ARDC, Kentucky Alzheimer’s Disease Research Center; VITA, 
Vienna Transdanube Aging; ADC, Alzheimer disease center; CAA, cerebral amyloid angiopathy; ICH, intracerebral hemorrhage; NR, not reported; QA, total 
score of quality assessment; UK, United Kingdom; USA, United States of America. 
*Median age and/or age range were reported instead of mean age (SD); †The exact age was not provided, but an estimation could be made based on the avail-
able data.
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Supplementary Table 2. Overview of the study characteristics and reported prevalence of CAA pathology in cognitively normal elderly

Author Year Country Area Definition domain 
Study acronym/ 
name of cohort

n
Age: 

mean (SD) or 
median (range)

Female 
(%)

Hypertension 
(%)

Prevalence CAA 
pathology: overall 
(mild/moderate/

severe/moderate-to-
severe) (%)

QA

Alakbarzade26 2021 UK West Cases without 
significant 
neurodegenerative 
pathology

Dementia Research 
network 

25 82 (10.2) 40.0 NR 40 (NR/NR/NR/NR) 2.5

Bergeron27 1987 Canada West Clinically  
non-demented,  
age-matched

Toronto University 
Hospital

30 68 (9.8) NR NR 40 (17/13/10/23) 3.5

Bertrand28 2008 Poland West No neurodegenerative 
or psychiatric disease, 
no dementia,  
age-matched

Institute of 
Psychiatry and 
Neurology, 
Warsaw

14 74.96 (9.8) 50.0 NR 29 (14/14/0/14) 1.5

Brayne29 2009 UK West Clinically non-demented CC75C 100 90.7 (4.5) 61.0 NR 30 (26/3/1/4) 2

Chalmers30 2003 UK West No AD pathological 
change

SWBB 53 75 (8.3) 45.3 NR 36 (26/6/4/9) 3

Cholerton4 2013 USA West CASI >86 ACT 196 86 (7.2) 52.0 NR 21 (12/8/1/9) 4.5

Cruz-Sánchez31 2000 Spain West No neurological disease NR 38 67 (18) 34.2 NR 18 (NR/NR/NR/NR) 7

Daillaire-
Théroux32

2022 Canada West Cognitively intact 
adults. n=9 for each 
of the following age 
groups: 50–59, 60–69, 
70–79, 80–89

Centre Hospitalier 
Universitaire 
de Québec 
histological 
archives

36 69.2 47.2 NR 31 (NR/NR/NR/NR) 6.5

Davis33 1999 USA West Cognitively and 
neurologically normal

Kentucky 
University 
Hospital

59 83.9 (7.4) 52.5 25.4 76 (NR/NR/NR/NR) 1

De Reuck34 2013 France West Death not related to 
brain disease

NR 14 74* 64.3 NR NR (NR/NR/7/NR) 4

De Reuck35 2019 France West No neurological 
disease/cognitive 
decline/stroke 

Lille University 
Hospital

20 66 (12) 40.0 NR 0 (0/0/0/0) 4.5

Dickson36 1992 USA West Non-demented Bronx Aging Study 14 89 71.4 NR 36 (NR/NR/NR/NR) 5.5

Dugger37 2014 USA West No clinico-
neuropathological 
diagnosis

AZSAND, BSHRI, 
BBDP

166 83 (9.3) 44.0 NR 20 (NR/NR/NR/NR) 6.5

Erten-Lyons6 2013 USA West No cognitive 
impairment or 
dementia, CDR=0 

Oregon Brain 
Aging Study

27 92.1 (5.1) 55.6 NR 41 (NR/NR/NR/NR) 5.5

Esiri38 2015 UK West No AD (CERAD criteria), 
Braak stage ≤2 

OPTIMA 70 82.6 (7.7) 44.3 74.3 51 (NR/NR/0/NR) 4

Esiri39 1986 UK West No clinicopathological 
evidence for 
dementia/CNS disease

Radcliffe Infirmary, 
Oxford

26 81 NR NR 27 (NR/NR/0/NR) 10.5

Guidoux40 2018 France West Non-neurologic 
patients, age- and sex 
matched

Hospices Civils de 
Strasbourg

59 76 (70–91)* 49.2 33.9 15 (NR/NR/NR/NR) 5.5

Haglund41 2002 Sweden West Non-demented, no AE/ 
neurodegenerative or 
vascular pathology 

LLDS 10 79 NR NR 20 (NR/NR/NR/NR) 4

Head42 2017 USA West Non-demented UCI ADRC 37 80.3 (10.0) 40.5 NR 19 (11/8/0/8) 7

Honig43 2005 USA West Clinically non-demented NACC (1985–2003) 225 82.9 (10) 56.4 NR 45 (NR/NR/NR/NR) 7.5

Jellinger44 2010 Austria West Pathologically and 
clinically  
non-demented,  
age-matched

Institute of Clinical 
Neurobiology, 
Vienna

486 79 (7.6) 54.9 NR 30 (NR/NR/20/NR) 3
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Supplementary Table 2. Continued

Author Year Country Area Definition domain 
Study acronym/ 
name of cohort

n
Age: 

mean (SD) or 
median (range)

Female 
(%)

Hypertension 
(%)

Prevalence CAA 
pathology: overall 
(mild/moderate/

severe/moderate-to-
severe) (%)

QA

Kawas45 2015 USA West 90+ elderly without 
dementia

90+ study 85 97.5 63.5 NR 9 (NR/NR/NR/NR) 7.5

Kövari12 2013 Switzerland West Non-demented University 
Hospitals Geneva 
2007

59 75.6 (11.1) 49.2 NR 46 (NR/NR/NR/NR) 2

Love46 2003 UK West Neurologically normal, 
no pathological 
evidence of AD 
(CERAD) 

Frenchay Hospital, 
Bristol

152 (60–102)* 48.7 NR 32 (NR/NR/NR/NR) 4

Magaki47 2014 USA West Non-demented UCLA 124 70.7 (8.2) 41.1 NR 0 (0/0/0/0) 7

Malek-Ahmadi48 2019 USA West Elderly non-demented 
individuals

Rush Religious 
Order Study

98 NR NR NR 71 (NR/NR/NR/NR) 6

Matthews15 2009 UK West Clinically non-demented MRC CFAS 178 NR NR NR 27 (17/10/0/10) 8

McAleese49 2019 UK West Non-cognitively 
impaired, with at least 
1 deep WMH

Institute of 
Neuroscience, 
Newcastle

22 84.4 (8.6) 50.0 NR 36 (23/9/5/14) 3.5

McKee50 2006 USA West Cognitively intact, 
CDR=0 

FHS 25 81.5 (15) 48.0 NR 60 (32/12/16/28) 3

Mountjoy51 1982 UK West Patients who died 
whilst under general 
medical/psychiatric 
care, no dementia

Newcastle General 
Hospital

30 76 50.0 NR 40 (NR/NR/NR/NR) 5

Premkumar52 1996 USA West No clinical or 
histopathological 
evidence of AD

CWRU 16 70 43.8 NR 0 (0/0/0/0) 6

Robinson20 2018 UK West Clinically cognitively 
unimpaired 

UMLS CNHOA 57 89* 64.9 NR NR (NR/NR/NR/16) 2.5

Shim53 2015 USA West Clinically healthy, 
cognitively normal

CCCVD 14 90.9 (6.0) 64.3 42.9 79 (NR/NR/NR/NR) 4

Sugarman54 2019 USA West Elderly with normal 
cognition

NACC-UDS and 
NACC-NDS 

417 NR NR NR 17 (NR/NR/NR/NR) 10.5

Wu55 1992 USA West Clinically  
non-demented,  
age-matched

Albert Einstein 
College of 
Medicine, New 
York

34 79.1 (10.1) 70.6 NR 50 (44/3/3/6) 6.5

Xu56 2004 China East 
Asia

No clinical or 
pathological 
involvement of CNS

PLA General 
Hospital, Beijing

28 65.8 (22.8) 17.9 NR 25 (NR/NR/NR/NR) 4

Yamada57 2002 Japan East 
Asia

No AD/
neurodegenerative 
disease

Kanazawa 
University 
Hospital

119 85.7 (8) NR NR 35 (NR/NR/NR/NR) 3

Prevalence of CAA pathology shows the overall prevalence (irrespective of CAA grade), and, if reported, the prevalence of different stages of CAA (mild, mod-
erate, severe, or moderate-to-severe).
ACT, Adult Changes in Thought cohort; AZSAND, Arizona Study of Aging and Neurodegenerative Disorders; BBDP, Brain and Body Donation Program; BSHRI, 
Banner Sun Health Research Institute; CCCVD, Cognitive Change in Cerebrovascular Disease; CC75C, Cambridge City over-75’s Cohort; CWRU, Case Western 
Reserve University; FHS, Framingham Heart Study; HAAS, Honolulu-Asia Aging Study; LLDS, Lund Longitudinal Dementia Study; LPRI, Leningrad Psychoneuro-
logical Research Institute; MRC CFAS, Medical Research Council Cognitive Function and Ageing Study; NACC, National Alzheimer’s Coordinating Center; OP-
TIMA, Oxford Project to Investigate Memory and Ageing; PLA, People Liberation Army; ROS, Religious Orders Study; SWBB, South Western Brain Bank; UCI 
ADRC, University of California at Irvine Alzheimer’s Disease Research Center; UCLA, University of California Los Angeles; UMLS CNHOA, University of Man-
chester Longitudinal Study of Cognition in Normal Healthy Old Age; UMMC, University Malaya Medical Centre; AD, Alzheimer disease; CAA, cerebral amyloid 
angiopathy; CASI, cognitive abilities screening instrument; CDR, clinical dementia rating; CDR-SOB, clinical dementia rating–sum of boxes; CERAD, consor-
tium to establish a registry for Alzheimer’s disease; CNS, central nervous system; ICH, intracerebral hemorrhage; IHC, immunohistochemistry; MC, medical 
center; NR, not reported; QA, total score of quality assessment; UK, United Kingdom; USA, United States of America; WMH, white matter hyperintensity. 
*Median age and/or age range were reported instead of mean age (SD).
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Supplementary Table 3. Overview of the study characteristics and reported prevalence of CAA pathology in patients with AD

Author Year Country Area Definition domain 
Study acronym/ 
name of cohort

n
Age: 

mean (SD) or 
median (range)

Female 
(%)

Hypertension 
(%)

Prevalence CAA 
pathology: overall 
(mild/moderate/

severe/moderate-to-
severe) (%)

QA

Alakbarzade26 2021 UK West Neuropathologically 
confirmed AD

Brains for 
Dementia 
Research (UK)

15 82.9 (4.8) 53.3 NR 93 (NR/NR/NR/NR) 2.5

Attems3 2008 Austria West Pathologically 
diagnosed AD (CERAD, 
Braak, NIA-Reagan)

Three large 
hospitals in 
Vienna

760 NR NR NR 98 (NR/NR/NR/NR) 1

Bell58 1990 Canada West Clinically diagnosed 
AD, pathologically 
confirmed

NR 10 79.3 (9) 50.0 NR 60 (NR/NR/NR/NR) 4.5

Bergeron27 1987 Canada West Clinically and 
pathologically 
diagnosed AD

Toronto University 
Hospital

30 73 (8.1) NR NR 87 (3/30/53/83) 2

Boon59 2020 The 
Netherlands

West Clinically and 
pathologically 
diagnosed late onset 
AD

Netherlands Brain 
Bank and Normal 
Aging Brain 
Collection 

21 84.5 (5.9) 57.1 NR 90 (NR/NR/NR/NR) 12

Boyle60 2019 USA West Clinical probable AD ROS & MAP 512 91 (5.9) 71.7 NR 46 (NR/NR/NR/NR) 4

Brayne29 2009 UK West Clinically diagnosed AD 
(DSM-IV)

CC75C 101 91.2 77.2 NR 60 (34/19/8/27) 3

Chalmers30 2003 UK West Pathologically 
confirmed AD

SWBB 125 78.6 (8.7) 56.0 NR 95 (63/18/14/32) 3

Chen61 2022 USA West Autopsy-confirmed AD NACC 753 82.1 (8.6) 42.9 48.7 0 (NR/NR/NR/46) 8.5

Cruz-Sánchez31 2000 Spain West Clinically diagnosed AD 
(DSM-IV)

NR 28 77 (10) 50.0 NR 61 (NR/NR/NR/NR) 6

Del Ser62 2005 Canada West Clinically diagnosed 
AD (DSM-III), 
pathologically 
confirmed (Braak 
stage ≥4, CERAD).  
22 cases also had IL

Dementia Study 
Project

57 79.3 66.7 29.8 46 (NR/NR/NR/NR) 1

De Reuck35 2019 France West Demented, 
pathologically 
diagnosed AD (Braak V 
or VI)

Lille University 
Hospital

92 76 48.9 NR 67 (20/15/33/48) 4.5

Dugger63 2014 USA West Demented, 
pathologically 
diagnosed with 
probable/definite 
AD (CERAD). Life 
expectancy <6 months 
at recruitment

Recruited 
participants from 
22 centers in the 
USA

38 82 (11.2) 60.5 NR 92 (34/34/24/58) 1

Ellis64 1996 USA West Clinically and 
pathologically 
(CERAD) diagnosed 
(possible, probable, or 
definite) AD

CERAD study 117 76.4 35.9 21.4 83 (57/NR/NR/26) 7

Esiri38 2015 UK West Pathologically 
diagnosed AD (CERAD)

OPTIMA 154 78.3 (8) 56.5 61.0 94 (NR/NR/9/NR) 4

Esiri39 1986 UK West AD with or without CVD 
or other CNS disease

Radcliffe Infirmary, 
Oxford

45 82 66.7 NR 82 (NR/NR/24/NR) 10.5

Fallet-Bianco65 1990 France West Clinically demented, 
microscopically 
diagnosed AD or 
mixed dementia (AD 
and VaD)

Charles Richet 
Study

42 85.5 NR NR 74 (NR/NR/NR/NR) 4
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Supplementary Table 3. Continued

Author Year Country Area Definition domain 
Study acronym/ 
name of cohort

n
Age: 

mean (SD) or 
median (range)

Female 
(%)

Hypertension 
(%)

Prevalence CAA 
pathology: overall 
(mild/moderate/

severe/moderate-to-
severe) (%)

QA

Glenner66 1981 USA West Clinically demented, 
pathologically 
diagnosed AD

AFIP 45 68.7 NR NR 89 (NR/NR/NR/NR) 10

Haglund41 2002 Sweden West Clinically diagnosed 
AD, with pathological 
correlate of varying 
degrees of AE (15 had 
AD and VaD)

LLDS 52 78.6† NR NR 69 (NR/NR/NR/NR) 4

Hamasaki7 2022 Japan East 
Asia

AD according to DSM 
III-R

Hisayama, Japan 77 89.6 (6.8) 62.3 NR 61 (21/22/18/40) 0

Head42 2017 USA West Pathologically 
diagnosed AD (Braak 
stage VI & amyloid 
plaque stage C, NACC)

UCI ADRC 79 76.1 (12.2) 50.6 NR 72 (41/14/18/32) 7

Helman67 2019 USA West Clinically demented, 
pathologically 
confirmed AD

NIH NeuroBioBank 12 80.6 (8.2) 33.3 NR 92 (33/8/50/58) 3

Honig43 2005 USA West Clinically demented, 
pathologically 
confirmed AD

NACC (1985–2003) 791 78.8 (8.8)† 49.6 NR 41 (NR/NR/NR/NR) 7.5

Itoh9 1993 Japan East 
Asia

Pathologically 
diagnosed AD 
(Khachaturian)

Yokufukai Geriatric 
Hospital 

33 86.5 (7.4) NR NR 76 (NR/NR/NR/NR) 3

Jellinger68 1977 Austria West Clinically diagnosed 
probable AD 
(NINCDS-ADRDA), 
pathologically 
confirmed definite AD 
(CERAD)

3 hospitals in 
Vienna

92 NR NR NR 78 (NR/NR/NR/NR) 12

Jellinger69 2003 Austria West Pathologically 
diagnosed AD

Neurological 
Institute, Vienna

730 82.4 (4.4) 65.5 NR 98 (NR/NR/NR/24) 1

Jicha70 2006 USA West Clinically demented, 
pathologically 
diagnosed AD

Mayo Alzheimer 
Disease Patient 
Registry 

24 89.5 70.8 NR 33 (17/17/0/17) 1

Joachim71 1988 USA West Clinically and 
pathologically 
diagnosed AD

NR 131 77† NR NR 100 (NR/NR/NR/
NR)

9.5

Kovacs11 2013 Austria West Clinically diagnosed 
dementia (14 possible 
& 8 probable AD)

VITA 22 NR NR NR 45 (NR/NR/NR/NR) 4

Kövari12 2013 Switzerland West Pathologically 
diagnosed AD (Braak 
stage ≥4; 14 pure 
AD and 11 associated 
with vascular 
encephalopathy)

University 
Hospitals Geneva 
2012–2014

10 84.4 (4.1) 50.0 NR 80 (NR/NR/NR/NR) 1

Kövari13 2015 Switzerland West Pathologically 
diagnosed AD (Braak 
stage ≥4)

University 
Hospitals Geneva 
2007

25 85 NR NR 68 (NR/NR/NR/NR) 1

Kurucz72 1981 USA West Clinically and 
pathologically 
diagnosed AD, 
infarction present in 
11 cases

Warren State 
Hospital

41 NR NR NR 54 (37/NR/17/NR) 3
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Supplementary Table 3. Continued

Author Year Country Area Definition domain 
Study acronym/ 
name of cohort

n
Age: 

mean (SD) or 
median (range)

Female 
(%)

Hypertension 
(%)

Prevalence CAA 
pathology: overall 
(mild/moderate/

severe/moderate-to-
severe) (%)

QA

Leech73 2001 USA West Clinically demented, 
pathologically 
confirmed AD 
(Khachaturian, or 
NIA-R, or CERAD)

Many hospitals 
in Oklahoma, 
Autopsy 
Assistance 
Network 
Oklahoma, 
Alzheimer's 
Research Texas 
Tech University

79 NR NR NR 32 (NR/NR/NR/NR) 16.5

Liu74 1999 China East 
Asia

Clinically and 
pathologically 
diagnosed AD

Beijing Hospital 29 79.9 (7.2) 37.9 NR 86 (NR/NR/NR/NR) 7.5

Lopez75 1991 USA West Clinically and 
pathologically 
diagnosed AD

PUH & VAMC 40 71.6 (8.1) 47.5 NR 55 (NR/NR/NR/NR) 4

Magaki47 2014 USA West Clinically and 
pathologically 
diagnosed dementia 
(AD: 123 pure, 
AD+LBD, AD+IL:  
24 AD+OL)

UCLA ADRC, ECBB 171 NR NR NR 73 (19/19/35/54) 7

Mandybur76 1975 UK West Clinically and 
pathologically 
diagnosed AD

Cincinnati General 
Hospital

15 69.3 (9.8) 60.0 73.3 87 (27/47/13/60) 7

Mann77 2018 UK West Clinically diagnosed late 
onset AD

MBB 34 80.8 (7.4) 47.1 NR 88 (NR/NR/NR/NR) 3

McAleese49 2019 UK West Clinico-pathologically 
diagnosed AD with >1 
deep WML

Institute of 
Neuroscience, 
Newcastle

20 83.4 (6.3) 55.0 NR 80 (10/30/40/70) 3.5

McKee50 2006 USA West Clinically diagnosed 
probable AD, CDR 1–3

FHS 13 89 (6) 61.5 NR 100 (NR/NR/NR/
NR)

4

Mountjoy51 1982 UK West Clinically diagnosed 
senile dementia of 
Alzheimer type

Newcastle General 
Hospital

15 76.2 80.0 NR 60 (NR/NR/NR/NR) 4

Nation78 2012 USA West Clinically diagnosed 
possible (10) or 
probable (55) AD 
(NINDS-ARDRA), 
confirmed by NIA 
CERAD criteria for 
probable or definite 
AD. No VaD or mixed 
dementia

UCSD-ADRC 65 74.2 (7) 52.3 27.7 80 (NR/NR/NR/NR) 5

Olichney79 2000 USA West Clinically and 
pathologically 
diagnosed AD (DSM-
III, NIH and CERAD)

SD ADRC 306 79.8 47.4 35.9 75 (NR/NR/19/NR) 3

Parker80 1985 USA West AD (not further 
specified)

Tennessee 
University 
Hospital

10 77 (70–86)* 40.0 NR 20 (NR/NR/NR/NR) 9

Pirttilä81 1996 Finland West Clinically diagnosed 
probable AD 
(NINCDS-ARDRA), 
pathologically 
confirmed definite AD 
(CERAD)

Kuopo University 
Hospital

18 84.4† NR NR 61 (22/NR/NR/39) 8

Pivtoraiko82 2021 USA West Clinical diagnosis of AD 
dementia (McKahn)

University of 
Pittsburgh ADRC

17 84 (10) 17.6 NR 82 (53/18/12/29) 5.5
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Supplementary Table 3. Continued

Author Year Country Area Definition domain 
Study acronym/ 
name of cohort

n
Age: 

mean (SD) or 
median (range)

Female 
(%)

Hypertension 
(%)

Prevalence CAA 
pathology: overall 
(mild/moderate/

severe/moderate-to-
severe) (%)

QA

Premkumar52 1996 USA West Clinically diagnosed 
probable AD confirmed 
by pathology (>95% 
definite AD)

CWRU 190 79 56.8 NR 96 (25/NR/NR/71) 6

Reimand83 2020 The 
Netherlands

West Autopsy-confirmed AD Amsterdam 
Dementia Cohort

11 64.3 27.3 NR 100 (NR/NR/NR/
NR)

14

Shim53 2015 USA West Clinically diagnosed AD 
(criteria comparable 
to NINCDS-ADRDA)

CCCVD 26 80.7 (9.2) 38.5 23.1 85 (NR/NR/NR/NR) 4

Shinohara84 2016 USA West Pathologically 
diagnosed AD

Mayo Clinic 
brain bank for 
neurodegenerative 
disorders at 
Jacksonville

428 81*† 57.5 NR 87 (NR/NR/NR/NR) 4

Spina85 2021 USA West Pathologically 
diagnosed AD

Memory and Aging 
Center, UCSF

48 83 (5.9) 29.2 NR 29 (54/17/8/25) 2

Tomimoto86 1999 Japan East 
Asia

Pathologically 
diagnosed AD (CERAD)

NR 39 79 (9) NR NR 97 (15/33/49/82) 8

Vik-Mo87 2019 Norway West Clinically diagnosed 
AD (NINCDS-ARDRA), 
pathologically 
confirmed AD

Demvest 31 81.1 67.7 NR NR (NR/NR/NR/58) 8

Wu55 1992 USA West Pathologically 
diagnosed AD

Albert Einstein 
College of 
Medicine, New 
York

34 80.8 (7.2) 70.6 NR 100 (56/15/29/44) 5

Yamada88 1988 Japan East 
Asia

Clinically and 
pathologically 
diagnosed AD 

Yokufukai Geriatric 
Hospital 

15 83 NR NR 87 (47/27/13/40) 5

Yamada57 2002 Japan East 
Asia

Pathologically 
diagnosed AD (CERAD)

Kanazawa 
University 
Hospital

82 86.1 (7.9) NR NR 87 (NR/NR/NR/NR) 2

Yip89 2005 USA West Pathologically 
diagnosed AD 
(NIA-R criteria for 
intermediate/high 
likelihood of AD). 90% 
Braak stage ≥5

BU ADC Brain Bank 99 75.1 (7) 2.0 NR 91 (NR/NR/NR/NR) 5

Zarow90 1999 USA West Clinical-pathologic 
definite AD (CERAD, 
Khachaturian) definite 
AD

Rancho Los Amigos 
Medical Center

101 77.4 (8.8) 49.5 NR 81 (NR/NR/29/NR) 0

Prevalence of CAA pathology shows the overall prevalence (irrespective of CAA grade), and, if reported, the prevalence of different stages of CAA (mild, mod-
erate, severe, or moderate-to-severe).
AFIP, Armed Forces Institute of Pathology; BU ADC, Boston University AD Center; CC75C, Cambridge City over-75’s Cohort; CCCVD, Cognitive Change in Cere-
brovascular Disease; CWRU, Case Western Reserve University; Demvest, Dementia study in Western Norway; ECBB, Easton Center Brain Bank; FHS, Framing-
ham Heart Study; LLDS, Lund Longitudinal Dementia Study; MBB, Manchester Brain Bank; NACC, National Alzheimer’s Coordinating Center; OPTIMA, Oxford 
Project to Investigate Memory and Ageing; PUH, Presbyterian University Hospital; ROS, Religious Orders Study; SD ARDC, San Diego Alzheimer’s Disease Re-
search Center; SWBB, South Western Brain Bank; UCI ADRC, University of California at Irvine Alzheimer’s Disease Research Center; UCLA ADRC, University of 
California Los Angeles Alzheimer Disease Research Centre; UCSD ADRC, University of California San Diego Alzheimer’s Disease research center; UCSF, Univer-
sity of San Francisco; VAMC, Veterans Administration Medical Center; VITA, Vienna Transdanube Aging; AD, Alzheimer disease; AE, Alzheimer’s encephalopa-
thy; CAA, cerebral amyloid angiopathy; CDR, clinical dementia rating; CDR-SOB, clinical dementia rating–sum of boxes; CERAD, consortium to establish a 
registry for Alzheimer’s disease; CNS, central nervous system; CVD, cerebrovascular disease; DSM, diagnostic and statistical manual of mental disorders; IL, 
ischemic lesions; LBD, Lewy body dementia; NIA, national institute on aging; NIA-R, national institute on aging-Reagan; NINCDS-ADRDA, national institute of 
neurological and communicative disorders and stroke and the Alzheimer’s disease and related disorders association; NR, not reported; OL, other lesions; QA, 
total score of quality assessment; UK, United Kingdom; USA, United States of America; VaD, vascular dementia; WML, white matter lesion. 
*Median age and/or age range were reported instead of mean age (SD); †The exact age was not provided, but an estimation could be made based on the avail-
able data. 
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Supplementary Table 4. Overview of the study characteristics and reported prevalence of CAA pathology in patients with intracerebral hemorrhage

Author Year Country Area Definition domain 
Study acronym/ 
name of cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

Prevalence CAA 
pathology: overall 
(mild/moderate/

severe/moderate-
to-severe) (%)

QA

Attems3 2008 Austria West Pathologically diagnosed 
ICH

3 Hospitals in 
Vienna

115 (62–96)* NR NR 49 (NR/NR/39/
NR)

1

Dye91 2014 USA West Evacuation of 
spontaneous ICH

UCLA 20 67 40.0 65.0 40 (NR/NR/NR/
NR)

5.5

Fazekas92 1999 Austria West Fatal ICH Graz University 
Hospital

11 72 45.5 64.0 1

Guidoux40 2018 France West Fatal ICH MASS 81 74 (25–91)* 45.7 69.0 25 (NR/NR/NR/
NR)

4

Holling93 2012 Germany West Surgically removed 
spontaneous ICH

Institute of 
Neuropathology, 
Münster

378 65 (0–91)* 46.8 NR 10 (NR/NR/NR/
NR)

5.5

Ishihara94 1991 Japan East 
Asia

Spontaneous ICH Yamaguchi 
University

50 72 NR 66.0 38 (12/NR/NR/26) 8

Lieber95 2019 USA West Patients undergoing 
minimally invasive ICH 
clot evacuation (15 out 
of 40 lobar)

Mount Sinai 
Hospital, New 
York

40 62.7 37.5 87.5 10 (NR/NR/NR/
NR)

9.5

Mendel96 2013 Poland West Fatal spontaneous ICH IPN, Warsaw 189 NR NR NR 2

Ng17 1991 China East 
Asia

Fatal spontaneous ICH NR 49 66.6 38.8 NR 8 (NR/NR/NR/NR) 2

Ritter97 2005 Hungary West ICH & hypertension Debrecen 
University 
Hospital

64 69.3 (12.9) 35.9 100.0 23 (NR/NR/NR/
NR)

6

Rodrigues98 2018 UK West First ever ICH, diagnosed 
by CT

LINCHPIN 110 83* 55.5 70.0 56 (18/NR/NR/38) 1

Tang99 2013 China East 
Asia

Spontaneous ICH or 
multiple ICH that 
underwent surgery

71 Hospitals in 
Mainland China

974 56 (12) 29.2 67.0 38 (34/2/1/3) 2

Prevalence of CAA pathology shows the overall prevalence (irrespective of CAA grade), and, if reported, the prevalence of different stages of CAA (mild, mod-
erate, severe, or moderate-to-severe).
IPN, Institute of Psychiatry and Neurology; LINCHPIN, Lothian IntraCerebral Haemorrhage, Pathology, Imaging and Neurological Outcome; MASS, Multiple 
Atherosclerosis Site in Stroke study; UCLA, University of California, Los Angeles; CAA, cerebral amyloid angiopathy, CT, computer tomography; ICH, intracere-
bral hemorrhage; NR, not reported; QA, total score of quality assessment; UK, United Kingdom; USA, United States of America. 
*Median age and/or age range were reported instead of mean age (SD).
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Supplementary Table 5. Overview of the study characteristics and reported prevalence of CAA pathology in patients with lobar intracerebral hemorrhage

Author Year Country Area Definition domain 
Study acronym/
name of cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

Prevalence CAA 
pathology: overall 
(mild/moderate/

severe/moderate-to-
severe) (%)

QA

Baron100 2022 France West ICH with autopsy (n=1) or 
hematoma evacuation 
(n=15) material

Pathology 
Department 
of GHU-Paris, 
Sainte-Anne site, 
University of Paris

16 65.8 (7.2) 62.5 56.3 44 (6/19/19/38) 6.5

Doden101 2016 Japan East 
Asia

Cases with  
cortico-subcortical 
ICH who underwent 
hematoma evacuation

Aizawa Hospital 48 NR NR NR NR (NR/NR/NR/46) 5.5

Guidoux40 2018 France West Fatal LICH MASS 30 76 (53–91)* 60.0 53.3 50 (NR/NR/NR/NR) 4

Itoh102 1993 Japan East 
Asia

Pathologically diagnosed 
LICH 

Yokufukai Geriatric 
Hospital

29 NR NR NR NR (NR/NR/NR/31) 3

Knudsen103 2001 USA West Spontaneous 
LICH, clinically & 
radiographically 
diagnosed with possible/
probable CAA 

MGH or SRH 39 NR NR NR NR (NR/NR/NR/74) 6

Lin104 2018 Japan East 
Asia

Surgically removed LICH Fukui University 
Hospital

29 73.2 51.7 48.3 83 (10/7/66/72) 4

Minakawa105 1995 Japan East 
Asia

Surgically treated patients 
with LICH without an 
angiographic lesion

Kuwana Hospital 19 NR NR NR 53 (NR/NR/NR/NR) 6

Ritter97 2005 Hungary West LICH & hypertension Debrecen University 
Hospital

24 72.1 (14.1) 41.7 100.0 33 (NR/NR/NR/NR) 5

Rodrigues98 2018 UK West First-ever LICH LINCHPIN 62 83* 62.9 67.7 74 (16/NR/NR/58) 2

Yoshimura106 1992 Japan East 
Asia

Autopsy-proven massive 
LICH

Tokyo Metropolitan 
Geriatric Medical 
Center

38 NR NR NR 21 (NR/NR/NR/NR) 6

Prevalence of CAA pathology shows the overall prevalence (irrespective of CAA grade), and, if reported, the prevalence of different stages of CAA (mild, mod-
erate, severe, or moderate-to-severe).
LINCHPIN, Lothian IntraCerebral Haemorrhage, Pathology, Imaging and Neurological Outcome; MASS, Multiple Atherosclerosis Site in Stroke study; MGH, 
Massachusetts General Hospital; SRH, Spaulding Rehabilitation Hospital; CAA, cerebral amyloid angiopathy; ICH, intracerebral hemorrhage; LICH, lobar intra-
cerebral hemorrhage; NR, not reported; QA, total score of quality assessment; UK, United Kingdom; USA, United States of America.
*Median age and/or age range were reported instead of mean age (SD).
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Supplementary Table 6. Overview of the study characteristics and reported prevalence of strictly lobar microbleeds in the general population

Author Year Country Area Definition domain
Study acronym/ 
name of cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength 
[T]/sequence/
slice thickness 

[mm])

Prevalence 
MBs strictly 
lobar/strictly 
deep/mixed 

(%)

QA

Aarts107 2014 The 
Netherlands

West Population, 
dementia free

Rotterdam Scan 
Study

4,945 64 (11) 55.1 34.3 1.5/T2*/NR 13/NR/NR 1

Chung108 2016 Taiwan East 
Asia

Population, free of 
neuropsychiatric 
diseases

ILAS 962 62.5 (8.6) 55.8 37.1 3/SWI/2 5/2/7 2

Elmståhl109 2019 Sweden West Population 70–87 
years

Good Aging in 
Skåne (GÅS) 

344 77 57.3 58.1 3/T2*/3 16/2/3 0

Graff-
Radford110

2021 USA West Population, 
dementia 
at baseline 
excluded

MSCA 1,253 74 46.8 65.7 3/T2*/3.3 18/2/3 1

Han111 2018 China East 
Asia

Population, 
stroke-free

Shunyi Study 1,211 55.6 (9.3) 62.6 49.1 3/SWI/1.5 5/2/4 1

Kim112 2012 South Korea East 
Asia

Population, 
stroke- and  
TIA-free

Seoul National 
University 
Hospital

1,452 69.7 (4.4) 42.7 50.3 1.5/T2*/6 2/NR/NR 2

Miwa113 2014 Japan East 
Asia

Population, 
free of recent 
(<3 months) 
symptomatic 
vascular event, 
>1 vascular 
risk factor, free 
of MCI and 
dementia

OSACA2 524 67.7 (8.3) 42.4 74.0 1.5/T2*/5 6/7/8 0

Paganini-
Hill114

2019 USA West Population ≥90 
years

90+ study 71 93 NR NR 3/SWI/NR 14/NR/6 3

Qiu115 2012 Iceland West Population AGES Reykjavik 4,205 76.2 57.8 80.3 1.5/T2*/NR 6/NR/NR 4

Romero116 2014 USA West Population Framingham 
Original and 
Offspring 
cohort

1,965 67.2 (10.7) 54.0 56.0 1.5/T2*/5 6/1/2 1.5

Tsushima117 2003 Japan East 
Asia

Hospital 
population

Gunma 
University 
Hospital

2,019 56.6 (15.9) 43.5 34.7 1/T2*/5 2/3/5 1

Wang118 2019 China East 
Asia

Population, 
stroke- and 
cancer-free

Taizhou Imaging 
Study

562 59.3 (2.7) 53.9 55.2 3/T2*/5 9/NR/NR 2

Ying119 2021 China East 
Asia

Population ≥50 
years, stroke- 
and  
dementia-free 

Shanghai elderly 
community-
based cohort

796 68 56.0 NR 1.5 or 3/SWI/
NR

15/NR/NR 1

Yubi120 2018 Japan East 
Asia

Population Hisayama Study 1,281 75 (7) 56.6 70.7 1.5/T2*/5 5/4/NR 6

Prevalence of microbleeds shows the prevalence of (1) strictly lobar microbleeds, (2) strictly deep microbleeds, and (3) mixed microbleeds.
AGES, Age, Gene/Environment Susceptibility; ILAS, I-Lan Longitudinal Aging Study; MSCA, Mayo Clinic Study of Aging; OSACA2, Osaka Follow-Up Study for 
Carotid Atherosclerosis; MBs, microbleeds; MRI, magnetic resonance imaging; NR, not reported; QA, total score of quality assessment; SD, standard deviation; 
SWI, susceptibility-weighted imaging; T, tesla; USA, United States of America.
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Supplementary Table 7. Overview of the study characteristics and reported prevalence of strictly lobar microbleeds in cognitively normal elderly

Author Year Country Area Definition domain

Study 
acronym/ 
name of 
cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength 
[T]/sequence/
slice thickness 

[mm])

Prevalence 
MBs strictly 
lobar/strictly 
deep/mixed 

(%)

QA

Atri121 2005 USA West Retired nurses, no 
stroke/dementia

CANHSMR 23 78 100 52.2 1.5/T2*/5 4/NR/NR 2

Barnaure122 2017 Switzerland West Cognitively normal Geneva 
University 
Hospitals

328 74.2 62.2 NR  3/T2*/1.1 20/6/NR 2.5

Brundel123 2014 The 
Netherlands

West Clinically healthy,  
non-diabetic

UDES 49 71.1 (4.5) 38.8 51.0 7/T2*/0.35 22/6/12 2.5

Chang124 2021 China East 
Asia

No cognitive 
or subjective 
impairment, MMSE 
≥28

Chinese PLA 
General 
Hospital

15 78 26.7 66.7 NR/SWI/1.2 27/NR/NR 5

Chiang125 2015 USA West Clinically normal ADNI-2, 
ADNI-GO

151 NR  NR  NR 3/T2*/4 22/6/2 1

Donaghy126 2020 UK West Healthy controls, 
recruited through 
research case register 
or partners of 
participants

Secondary 
care 
services in 
the North 
of England

20 75.9 (7.3) 20.0 60.0 3/SWI/3 15/0/0 5

Graff-Radford127 2017 USA West Cognitively normal ARIC 1,072 NR NR NR 3/T2*/3.3 14/NR/NR 0

Gregg128 2015 USA West 32/55 CDR 0, 13/55 
CDR 0.5

GEMS 55 86.8 (2.7) 40.0 NR 3/T2* or SWI/3 
(gradient 
echo) and 1.5 
or 1.2 for SWI

25/5/7 4

Ham129 2014 South Korea East 
Asia

Cognitively normal Yonsei 
University 
Hospital

49 70.4 (6.7) 61.2 42.9 3/T2*/5 10/0/2 2

Johansson130 2016 Sweden West Clinically healthy University 
hospital, 
Umea

41 70.5 (5.4) 43.9 68.3 3/T2*/5 10/15/0 1.5

Kwon131 2016 South Korea East 
Asia

Neurologically healthy; 
free of strokes/
TIA’s/neurological 
symptoms

Seoul 
National 
University 
Hospital 

1,737 55.9 (9.1) 45.4 25.9 1.5/T2*/5 2/NR/NR 0

Mendes132 2018 France West Clinically healthy PHRC-CAPP 19 64 (55–76)* 73.7 47.4 3/T2* or 
SWI/2.5

5/NR/NR 5.5

Mitaki133 2017 Japan East 
Asia

Neurologically normal Shimane 
University, 
Izumo

4,024 61.6 (10.1) 45.5 31.5 1.5/T2*/7 1/2/1 1.5

Nakata-Kudo134 2006 Japan East 
Asia

Normal neurological 
examination and  
MRI findings  
(age-matched to AD 
group in study)

Kyoto 
University 
Hospital

26 71.2 (6.4) 61.5 38.5 1.5/T2*/5 0/0/0 3.5

Ochi135 2009 Japan East 
Asia

Free of CVD/
severe cognitive 
dysfunction/dementia

Ehime 
University 
Hospital

443 67.1 (8.1) 63.7 56.7 3/T2*/6 2/NR/NR 2

Romero136 2020 USA West Dementia-, 
stroke-, and other 
neurological  
disease-free 
Framingham Heart 
Study participants 

Framingham 
Heart 
Study

3,680 55 (13) 53.6 39.4 1.5/T2*/5 4/1/1 2.5

Roob137 1999 Austria West No history of 
neuropsychiatric 
disease, normal 
neurological 
examination

ASPS 280 60 46.8 31.8 NR/T2*/5 3/3/0 0
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Supplementary Table 7. Continued

Author Year Country Area Definition domain

Study 
acronym/ 
name of 
cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength 
[T]/sequence/
slice thickness 

[mm])

Prevalence 
MBs strictly 
lobar/strictly 
deep/mixed 

(%)

QA

Wang138 2019 Taiwan East 
Asia

Free of stroke/
dementia cognitive 
impairment

ILAS 659 62.1 (8.3) 56.0 37.2 3/SWI/2 5/6/2 0

Wollenweber139 2017 Austria West Stroke/dementia-free, 
normal neurologic 
examination

ASPFS 372 65 (10.7) 43.3 63.2 3/T2*/4 2/NR/NR 3

Yakushiji140 2015 Japan East 
Asia

Population, free 
of neurological 
disorders, normal 
neurological 
examination

Kashima 
Scan Study

1,451 58 (22–84)* 53.5 NR 1.5/T2*/7 3/3/NR 0

Yilmaz141 2019 The 
Netherlands

West Stroke- and  
dementia-free 
population

Rotterdam 
Study

1,622 73.1 (7.6) 54.3 78.7 1.5/T2*/0.8 18/NR/NR 0

Zhang142 2018 China East 
Asia

Hypertensive elderly, 
free of stroke/
dementia/MCI

3 Centers in 
northern 
China

819 64.4 (8.3) 44.8 55.2 3/SWI/1.2 4/NR/NR 2

Prevalence of microbleeds shows the prevalence of (1) strictly lobar microbleeds, (2) strictly deep microbleeds, and (3) mixed microbleeds. 
ADNI-2, Alzheimer’s Neuro-imaging Initiative 2; ADNI-GO, Alzheimer’s Neuro-imaging Initiative GO; ARIC, Atherosclerosis Risk in Communities; ASPFS, Aus-
trian Stroke Prevention Family Study; ASPS, Austrian Stroke Prevention Study; CANHSMR, Cognitive Assessment in Nurses Health Study Massachusetts Resi-
dents’ cohort; GEMS, Ginkgo Evaluation of Memory Study; ILAS, I-Lan Longitudinal Aging Study; PHRC-CAPP, French multicenter investigation on primary 
progressive aphasias; UDES, Utrecht Diabetic Encephalopathy Study; AD, Alzheimer’s disease; CDR, clinical dementia rating; CVD, cerebrovascular disease; 
MBs, microbleeds; MCI, mild cognitive impairment; MRI, magnetic resonance imaging; NR, not reported; QA, total score of quality assessment; SD, standard 
deviation; SWI, susceptibility-weighted imaging; T, tesla; TIA, transient ischemic attack; USA, United States of America. 
*Median age and/or age range was reported instead of mean age (SD).
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Supplementary Table 8. Overview of the study characteristics and reported prevalence of strictly lobar microbleeds in patients with AD

Author Year Country Area Definition domain
Study acronym/ 
name of cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength 
[T]/sequence/

slice thickness)

Prevalence 
MBs strictly 
lobar/strictly 
deep/mixed 

(%)

QA

Benedictus143 2013 The 
Netherlands

West Probable AD 
(NINCDS-ADRDA)

ADC 371 69 (9) 55.0 34.8 3/T2*/3 18/3/5 0

Boyano144 2018 Spain West AD (NINCDS-ADRDA) ACRSF 152 81 NR NR 3/T2*/2.4 15/13/16 1

Chang124 2021 China East 
Asia

Probable AD 
(NINCDS-ADRDA)

Chinese PLA 
General Hospital

15 76 40.0 60.0 NR/SWI/1.2 53/NR/NR 5

Charidimou145 2016 USA West Clinically diagnosed 
AD

Memory clinic, 
MGH

86 NR NR NR 3/NR/5 29/NR/NR 3

Chiang125 2015 USA West Probable AD 
(NINCDS-ADRDA)

ADNI-2 and  
ADNI-GO

86 NR NR NR 3/T2*/4 35/3/3 1

Chiu146 2020 Taiwan East 
Asia

Mild to moderate 
AD (DSM-IV) no 
comorbidities (such 
as obvious vascular 
insults, vitamin B12/
folate deficiency, 
and metabolic 
disorders) 

Shuang Ho 
Hospital

112 76 (8) 70.5 32.1 1.5 or 3/
T2*/2.4 (1.5 
T) or 2 (3 T)

6/5/17 6.5

De Kort147 2021 The 
Netherlands

West Probable AD 
(NINCDS-ADRDA)

Radboud University 
Medical Center

17 74 NR NR 1.5 or 3.0/
either T2* or 
SWI/NR

18/NR/NR 8.5

Donaghy126 2020 UK West Probable AD 
(NINCDS-ADRDA)

Secondary care 
services in the 
North of England

18 75.8 (7.1) 11.1 61.1 3/SWI/3 44/0/6 4

Ikeda148 2021 Japan East 
Asia

Probable AD 
(NINCDS-ADRDA)

Gunma University 
Hospital, 
Geriatrics 
Research Institute 
and Hospital, 
Maebashi Red 
Cross Hospital

85 69.8 (8.4) 57.6 21.2 1.5 or 3/T2*/5 
or 5.5

31/NR/NR 11.5

Inoue149 2016 Japan East 
Asia

AD (NINCDS-ADRDA) Kumamoto 
University 
Hospital

162 75 (9) 65.4 41.4 3/combined 
T2* and 
SWI/2

25/3/19 1

Kuroda150 2020 Japan East 
Asia

Probable AD 
(NINCDS-ADRDA)

Showa University 
School of 
Medicine, Japan

40 78.9 (7.9) 55.0 NR 1.5/T2*/6 50/NR/NR 4.5

Mendes151 2020 Switzerland West Probable/Possible AD 
(NINCDS-ADRDA)

Geneva University 
Hospitals

114 82 67.5 57.0 3/T2*/NR 9/NR/NR 2.5

Nagasawa152 2014 Japan East 
Asia

AD (NINCDS-ADRDA) Toho University 
Hospital

559 78.4 (7.7) 57.4 36.0 1.5/T2*/5 13/11/0 0

Nakata-
Kudo134

2006 Japan East 
Asia

32 Probable AD, 
10 Possible AD 
(NINCDS-ARDRA). 
42 AD patients 
without CVD and 8 
with CVD

Kyoto University 
Hospital

50 74.5 66.0 48.0 1.5/T2*/5 16/0/0 1

Noguchi-
Shinohara153

2017 Japan East 
Asia

Probable AD 
(NINCDS-ADRDA)

Kanazawa 
University 
Hospital

88 68 (8.3) 42.0 38.6 1.5/T2*/6 17/18/3 2.5

Shams154 2016 Sweden West AD (ICD-10 
classification)

KIDS 423 68 (8) 45.2 35.7 1.5/NR/NR 16/4/NR 3

Sparacia155 2017 Italy West Probable AD 
(NINCDS-ADRDA) 

University Hospital 
Palermo

54 76.8 (5.2) 63.0 NR 1.5/SWI/1.2 70/24/6 1

van der 
Vlies156

2012 Netherlands West Probable AD 
(NINCDS-ADRDA)

VUMC memory 
clinic

221 68 (9) 49.3 30.8 NR/T2*/5 10/3/5 3
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Supplementary Table 8. Continued

Author Year Country Area Definition domain
Study acronym/ 
name of cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength 
[T]/sequence/

slice thickness)

Prevalence 
MBs strictly 
lobar/strictly 
deep/mixed 

(%)

QA

Zhang157 2016 China East 
Asia

Probable AD 
(NINCDS-ADRDA)

Weihai Municipal 
Hospital, China

146 72.1 (7.4) 56.8 26.7 3/SWI/1.2 20/4/8 0

Prevalence of microbleeds shows the prevalence of (1) strictly lobar microbleeds, (2) strictly deep microbleeds, and (3) mixed microbleeds. 
ACRSF, Alzheimer’s Center Reina Sofia Foundation-CIEN Foundation; ADC, Amsterdam Dementia Cohort; ADNI-2, Alzheimer’s Disease Neuroimaging Initia-
tive-2; ADNI-GO, Alzheimer’s Disease Neuroimaging Initiative-GO; CMBs, cerebral microbleeds; KIDS, Karolinska Imaging Dementia Study; MGH, Massachu-
setts General Hospital; VUMC, Vrije Universiteit Medisch Centrum, Amsterdam, the Netherlands; AD, Alzheimer’s disease; CAA, cerebral amyloid angiopathy; 
CDR, clinical dementia rating; CMBs, cerebral microbleeds; CVD, cerebrovascular disease; ICD-10, International Statistical Classification of Diseases and Relat-
ed Health Problems-10; MBs, microbleeds; MRI, magnetic resonance imaging; NR, not reported; NINCDS-ARDRA, neurological and communicative disorders 
and stroke Alzheimer disease and related disorders association; QA, total score of quality assessment; SWI, susceptibility-weighted imaging; USA, United 
States of America.

Supplementary Table 9. Overview of the study characteristics and reported prevalence of strictly lobar microbleeds in patients with intracerebral hemorrhage

Author Year Country Area
Definition 
domain

Study acronym/ 
name of cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength 
[T]/sequence/

slice thickness)

Prevalence 
MBs strictly 
lobar/strictly 
deep/mixed 

(%)

QA

Biffi158 2016 USA West Spontaneous ICH MGH ICH LS 522 NR NR NR  NR/NR/NR 26/25/10 2.5

Fazekas92 1999 Austria West Fatal ICH University 
Hospital Graz

11 72 45.5 63.6 1.5/T2*/5 18/9/36 1

Ghelmez159 2013 Romania West ICH, not further 
specified

NINND, 
Bucharest

24 NR NR NR  NR/combined 
T2* and SWI/
NR

17/13/21 10.5

Haussen160 2012 USA West Spontaneous ICH BIDMC, 
Boston

163 68.4 (15.2) 40.5 66.3 NR/T2*/NR 24/13/15 0

Jolink161 2020 The 
Netherlands

West Spontaneous ICH FETCH 31 60 (12) 29.0 61.3 7/T2*/0.35 16/NR/NR 5

Laible162 2015 Germany West Spontaneous ICH University 
Hospital 
Heidelberg

97 65.9 (13.9) 44.3 76.3 3/SWI/NR 19/9/30 3

Marti-
Fabregas163

2013 Spain West Spontaneous 
supratentorial 
ICH

6 University 
hospitals in 
Spain

44 68.9 (11.1) 29.5 63.6 NR/T2*/NR 39/32/30 4

Schwarz164 2022 UK West Spontaneous 
non-cerebellar 
ICH

CROMIS-2 ICH 153 69 38.6 56.2 NR/either T2* 
or SWI/NR

30/NR/NR 6

Tsai165 2017 Taiwan East 
Asia

Spontaneous ICH National 
Taiwan 
University 
Hospital

57 65.7 (13.4) 43.9 NR 3/SWI/1.6 14/19/49 0

Wang166 2019 China East 
Asia

Spontaneous ICH Beijing Tiantan 
Hospital 

306 56 (13.3) 28.4 73.2 3/SWI/1.6 4/21/NR 0

Xu167 2019 China East 
Asia

Spontaneous ICH 
(first-ever [139] 
or recurrent 
[45])

West China 
Hospital

184 61 (12.5) 24.5 66.3 3/SWI/NR 15/24/34 2.5

Prevalence of microbleeds shows the prevalence of (1) strictly lobar microbleeds, (2) strictly deep microbleeds, and (3) mixed microbleeds.
ATACH-2, Antihypertensive Treatment of Acute Cerebral Haemorrhage 2; BIDMC, Beth Israel Deaconess Medical Center; CMBs, cerebral microbleeds; DECI-
PHER, DiffErenCes in the Imaging of Primary Haemorrhage based on Ethnicity or Race; MGH ICH LS, Massachusetts General Hospital Intracerebral Haemor-
rhage Longitudinal Study; NINND, National Institute of Neurology and Neurovascular Diseases; BOMBS, Brain Observer MicroBleed Scale; ICH, intracerebral 
hemorrhage; MBs, microbleeds; MRI, magnetic resonance imaging; NR, not reported; QA, total score of quality assessment; SWI, susceptibility-weighted im-
aging; SBP, Systolic Blood Pressure; T, tesla; USA, United States of America.
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Supplementary Table 10. Overview of the study characteristics and reported prevalence of strictly lobar microbleeds in patients with lobar intracerebral 
hemorrhage

Author Year Country Area
Definition 
domain

Study acronym/ 
name of cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength [T]/

sequence/
slice thickness (mm)

Prevalence MBs 
strictly lobar/
strictly deep/
mixed (%)

QA

Schwarz168 2022 UK West Spontaneous 
LICH

CROMIS-2 (ICH) 
and SIGNaL 
register

140 72.5 57.9 58.6 NR/either T2* or 
SWI/NR

27/NR/NR 4.5

Prevalence of microbleeds shows the prevalence of (1) strictly lobar microbleeds, (2) strictly deep microbleeds, and (3) mixed microbleeds.
CROMIS-2, Clinical Relevance of Microbleeds In Stroke; SIGnaL, Stroke InvestiGation in North and Central London; ICH, intracerebral hemorrhage; MBs, mi-
crobleeds; MRI, magnetic resonance imaging; NR, not reported; QA, total score of quality assessment; SWI, susceptibility-weighted imaging; T, tesla.

Supplementary Table 11. Overview of the study characteristics and reported prevalence of cortical superficial siderosis in the general population

Author Year Country Area
Definition 
domain 

Study acronym/ 
name of cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength 
[T]/sequence/
slice thickness 

[mm])

Prevalence 
any cSS/
fcSS/dcSS 

(%)

QA

Pichler169 2017 USA West Population 
aged 50–89

Mayo Clinic 
study of 
Aging

1,412 68* 47.2 NR 3/T2*/3.3 0.9 
(0.5/0.4)

0

Shaomanesh170 2021 The Netherlands 
and USA

West Framingham: 
Population, 
Rotterdam: 
dementia 
at baseline 
excluded

Framingham 
Original and 
Offspring 
Cohort and 
Rotterdam 
Study

6,049 68.9 54.7 64.8 1.5/T2*/
Framingham: 
5; Rotterdam 
0.8

0.4 2.5

Prevalence of cSS shows the prevalence of cSS (irrespective of type), and, if reported, the prevalence of focal cSS and disseminated cSS.
cSS, cortical superficial siderosis; dcSS, disseminated cortical superficial siderosis; fcSS, focal cortical superficial siderosis; MRI, magnetic resonance imaging; 
NR, not reported; QA, total score of quality assessment; SD, standard deviation; SWI, susceptibility-weighted imaging; T, tesla; USA, united states of America. 
*Median age and/or age range are reported instead of mean age (SD).

Supplementary Table 12. Overview of the study characteristics and reported prevalence of cortical superficial siderosis in cognitively normal elderly

Author Year Country Area
Definition 
domain 

Study 
acronym/
name of 
cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength [T]/

sequence/slice 
thickness [mm])

Prevalence 
any cSS/
fcSS/dcSS 

(%)

QA

Chang124 2021 China East 
Asia

No cognitive 
or subjective 
impairment, 
MMSE ≥28

Chinese 
PLA 
General 
Hospital

15 78 26.7 66.7 NR/SWI/1.2 0 (0/0) 5

Cheng171 2020 China East 
Asia

Healthy controls 
(sex- and  
age-matched)

Shanghai 
Aging 
Study 

95 69 (8.3) 33.7 40.0 3/SWI/2 2.1 4.5

Wollenweber139 2017 Austria West Stroke/
dementia-
free, normal 
neurologic 
examination

ASPFS 372 65 (10.7) 43.3 63.2 3/T2*/4 0.5 3

Yilmaz141 2019 The 
Netherlands

West Stroke- and 
dementia-free 
population

Rotterdam 
Study

1,622 73.1 (7.6) 54.3 78.7 1.5/T2*/0.8 0.6 0

Prevalence of cSS shows the prevalence of cSS (irrespective of type), and, if reported, the prevalence of focal cSS and disseminated cSS.
ASPFS, Austrian Stroke Prevention Family Study; PLA, People’s Liberation Army; cSS, cortical superficial siderosis; dcSS, disseminated cortical superficial sider-
osis; fcSS, focal cortical superficial siderosis; MRI, magnetic resonance imaging; NR, not reported; QA, total score of quality assessment; ST, slice thickness; 
SWI, susceptibility-weighted imaging; T, tesla.
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Supplementary Table 13. Overview of the study characteristics and reported prevalence of cortical superficial siderosis in patients with AD

Author Year Country Area
Definition 
domain 

Study acronym/ 
name of cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength 
[T]/sequence/
slice thickness 

[mm])

Prevalence 
any cSS/
fcSS/dcSS 

(%)

QA

Carmona-
Iragui172

2017 Spain West Probable 
dementia in 
EOAD (d-EOAD)

Barcelona SPIN 
cohort

23 61.8* 60.9 13.0 NR/NR/NR 8.7 9.5

Chang124 2021 China East 
Asia

Probable AD 
(NINCDS-
ADRDA)

Chinese PLA 
General 
Hospital

15 76 40.0 60.0 NR/SWI/1.2 6.7 (6.7/0) 5

Charidimou145 2016 USA West Clinically 
diagnosed AD

MGH 86 NR NR NR 3/NR/5 5.8 3

De Kort147 2021 The 
Netherlands

West Probable AD 
(NINCDS-
ADRDA)

Radboud 
University 
Medical 
Center

17 74 NR NR 1.5 or 3.0/
either T2* or 
SWI/NR

0 (0/0) 8.5

Inoue149 2016 Japan East 
Asia

AD (NINCDS-
ADRDA)

Kumamoto 
University 
Hospital

162 75 (9) 65.4 67.0 3/combined 
T2* and 
SWI/2

4.9 1

Kuroda150 2020 Japan East 
Asia

Probable AD 
(NINCDS-
ADRDA)

Showa 
University 
School of 
Medicine, 
Japan

40 78.9 (7.9) 55.0 NR 1.5/T2*/6 0 4.5

Mendes151 2020 Switzerland West Probable/Possible 
AD (NINCDS-
ADRDA)

Geneva 
University 
Hospitals

114 82 67.5 57.0 3/T2*/NR 5.3 2.5

Na173 2015 South Korea East 
Asia

Probable AD 
(NINCDS-
ADRDA)

Samsung 
Medical 
Center

62 NR NR NR 3/T2*/5 4.8 
(1.6/3.2)

2

Shams154 2016 Sweden West AD (ICD-10 
classification)

KIDS 423 68 (8) 45.2 35.7 1.5/NR/NR 5 (4.3/0.7) 3

Tsai174 2021 Taiwan East 
Asia

Probable AD 
(NINCDS-
ADRDA)

National Taiwan 
University 
Hospital 
(NTUH) and 
NTUH Bei-Hu 
Branch

10 75.6 (8.1) 70.0 90.0 3/SWI/2 0 4

Umino175 2021 Japan East 
Asia

Probable AD 
(NINCDS-
ADRDA)

Mie University 
School of 
Medicine

124 NR NR NR 3/SWI/0.5 8.9 4.5

Zonneveld176 2014 The 
Netherlands

West Probable AD 
(NINCDS-
ADRDA)

Amsterdam 
Dementia 
Cohort

249 68 (9) 52.6 NR 3/SWI/3 4.8 
(3.6/1.2)

0

Prevalence of cSS shows the prevalence of cSS (irrespective of type), and, if reported, the prevalence of focal cSS and disseminated cSS.
Biomarkers and Lifestyle Study of Ageing; KIDS, Karolinska Imaging Dementia Study; MGH, Massachusetts General Hospital; SPIN, Barcelona Memory Unit of 
Hospital de Sant Pau from the Sant Pau Initiative on Neurodegeneration; PLA, people’s liberation army; AD, Alzheimer’s disease; cSS, cortical superficial sider-
osis; dcSS, disseminated cortical superficial siderosis; EOAD, Early onset Alzheimer’s disease; fcSS, focal cortical superficial siderosis; ICD-10, International Sta-
tistical Classification of Diseases and Related Health Problems-10; MRI, magnetic resonance imaging; NINCDS-ADRDA, National Institute of Neurological and 
Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders; NR, not reported; QA, total score of quality assessment; SD, standard 
deviation; SWI, Susceptibility-weighted imaging; T, tesla; USA, United States of America. 
*Median age and/or age range are reported instead of mean age (SD).
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Supplementary Table 14. Overview of the study characteristics and reported prevalence of cortical superficial siderosis in patients with intracerebral hemor-
rhage

Author Year Country Area
Definition 
domain 

Study acronym/ 
name of cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI 
parameters 

(field strength 
[T]/sequence/
slice thickness 

[mm])

Prevalence 
any cSS/fcSS/

dcSS (%)
QA

Castello177 2022 USA West Spontaneous 
ICH

MGH 612 70.5 (13) 47.1 74.8 1.5 or 3/
either T2* 
or SWI/5 
for T2*; SWI 
was NR

13.7 (9/4.7) 5

Damien178 2021 Belgium West Spontaneous 
ICH

Brussels Erasme-
ULB Hospital

30 66.7 (15.8) 40.0 NR NR/T2*/NR 26.7 9

Jolink161 2020 The 
Netherlands

West Spontaneous 
ICH

FETCH 31 60 (12) 29.0 61.3 7/T2*/0.35 9.7 5

Moulin179 2018 France West Spontaneous 
ICH

PITCH 258 68 (54–80)* 41.9 64.0 1.5/T2*/5 19 (11.2/7.8) 1

Pinho180 2021 Portugal West Non-traumatic 
ICH

Hospital de 
Braga

104 64.8 (13.5) 40.4 73.1 1.5/T2*/NR 30.8 
(13.5/17.3)

4.5

Schwarz164 2022 UK West Spontaneous 
non-cerebellar 
ICH

CROMIS-2 ICH 153 69 38.6 56.2 NR/either T2* 
or SWI/NR

7.8 (5.2/2.6) 6

Suda181 2017 Japan East 
Asia

ICH Nippon Medical 
School

150 NR NR NR 1.5/T2*/5 4.7 1

Tsai182 2021 Taiwan East 
Asia

Spontaneous 
ICH

National Taiwan 
University 
Hospital 

300 63.4 35.3 89.3 1.5 or 3/
SWI/2

6 4.5

Xu167 2019 China East 
Asia

ICH patients 
(first-ever 
[139] or 
recurrent [45])

West China 
Hospital

184 61 (12.5) 24.5 66.3 3/SWI/NR 23.9 
(13/10.9)

2.5

Ye183 2021 China East 
Asia

Spontaneous 
ICH

Tongji Hospital 135 56 NR NR 3/SWI/NR 10.4 
(6.7/3.7)

4.5

Prevalence of cSS shows the prevalence of cSS (irrespective of type), and, if reported, the prevalence of focal cSS and disseminated cSS. 
CROMIS-2-I ICH, The Clinical Relevance of Microbleeds in Stroke study-2-Intracerebral Haemorrhage; FETCH, inding the Etiology in Spontaneous Cerebral 
Hemorrhage; MGH, Massachusetts General Hospital; PITCH, Prognosis of IntraCerebral Haemorrhage; cSS, cortical superficial siderosis; dcSS, disseminated 
cortical superficial siderosis; fcSS, focal cortical superficial siderosis; ICH, intracerebral hemorrhage; MRI, magnetic resonance imaging; QA, total score of 
quality assessment; SD, standard deviation; SWI, Susceptibility-weighted imaging; UK, United Kingdom; USA, United States of America. 
*Median age and/or age range are reported instead of mean age (SD).
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Supplementary Table 15. Overview of the study characteristics and reported prevalence of cortical superficial siderosis in patients with lobar intracerebral 
hemorrhage

Author Year Country Area
Definition 
domain 

Study acronym/ 
name of cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength [T]/

sequence/slice thickness 
[mm[)

Prevalence any 
cSS/fcSS/dcSS 

(%)
QA

Boulouis184 2016 USA West Spontaneous 
LICH

MGH 254 75 (11) 55.1 67.7 1.5/T2*/5 28.3 4

Renard185 2020 France West Spontaneous 
LICH

Nîmes University 
Hospital

68 74 48.5 NR 56×1.5 T and 12×3.0 
T/T2*/NR

48.5 (8.8/39.7) 7.5

Schwarz168 2022 UK West Spontaneous 
LICH

CROMIS-2 (ICH) 
and SIGNaL 
register

140 72.5 57.9 58.6 NR/either T2* or SWI/
NR

22.1 (12.1/10) 4.5

Viguier187 2019 France West Spontaneous 
LICH

Toulouse 
Hospital

165 70.5 (13.9) 46.1 49.7 1.5/T2*/5 30.3 4

Prevalence of cSS shows the prevalence of cSS (irrespective of type), and, if reported, the prevalence of focal cSS and disseminated cSS.
CROMIS-2, Clinical Relevance of Microbleeds In Stroke; SIGnaL, Stroke InvestiGation in North and Central London; cSS, cortical superficial siderosis; dcSS, dis-
seminated cortical superficial siderosis; fcSS, focal cortical superficial siderosis; ICH, intracerebral hemorrhage; LICH, lobar intracerebral hemorrhage; MRI, 
magnetic resonance imaging; NR, not reported; QA, total score of quality assessment; SD, standard deviation; SWI, Susceptibility-weighted imaging; UK, 
United Kingdom; USA, United States of America. 

Supplementary Table 16. Overview of the study characteristics and reported prevalence of CAA according to the Boston criteria in cognitively normal elderly

Author Year Country Area
Definition 
domain 

Study 
acronym/
name of 
cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength [T]/

sequence/
slice thickness [mm])

Prevalence 
CAA (probable/
possible) (%)

QA

Atri121 2005 USA West Retired nurses, 
no stroke or 
dementia 

CANHSMR 23 78 100.0 52.2 1.5/T2*/5 0/1 5.5

van Rooden188 2014 The 
Netherlands

West MMSE>25, 
GDS≤4, no 
stroke or 
cognitive 
impairment, 
recruited

LUMC 18 69.7 33.0 NR 7/T2*/3 3/2 1.5

Prevalence of CAA according to Boston criteria shows the prevalence of probable and possible CAA. 
CANHSMR, Cognitive Assessment in Nurses Health Study Massachusetts Residents; LUMC, Leiden University Medical Center; CAA, cerebral amyloid angiopa-
thy; CROMIS-2, Clinical Relevance of Microbleeds In Stroke; ICH, intracerebral hemorrhage; MRI, magnetic resonance imaging; NR, not reported; SD, standard 
deviation; SWI, Susceptibility-weighted imaging; T, tesla; QA, quality assessment score; USA, United States of America.

Supplementary Table 17. Overview of the study characteristics and reported prevalence of CAA according to the Boston criteria in patients with AD

Author Year Country Area
Definition 
domain

Study cohort n
Age: mean 

(SD) or median 
(range)*

Female 
(%)

MRI parameters (field 
strength [T]/sequence/
slice thickness [mm])

Prevalence CAA 
(probable/
possible)

QA

van Rooden188 2014 The 
Netherlands

West Probable AD 
(NINCDS-ARDRA 
criteria)

3 Memory 
clinics in the 
Netherlands

14 66 29 7/T2*/3 2/2 3

Prevalence of CAA according to Boston criteria shows the prevalence of probable and possible CAA.
AD, Alzheimer’s Disease; MRI, magnetic resonance imaging; NINCDS-ARDRA, neurological and communicative disorders and stroke Alzheimer disease and re-
lated disorders association; SD, standard deviation; QA, quality assessment score.
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Supplementary Table 18. Overview of the study characteristics and reported prevalence of CAA according to the Boston criteria in patients with intracere-
bral hemorrhage

Author Year Country Area
Definition 
domain 

Study 
acronym/ 
name of 
cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength 
[T]/sequence/
slice thickness 

[mm])

Prevalence 
CAA 

(probable/
possible)

QA

Charidimou189 2013 UK; Belgium West Spontaneous 
ICH

4 Stroke 
centers in 
UK and 
Belgium

121 69.4 43.0 71.1 1.5/T2*/5 53/23 3

Jolink161 2020 The 
Netherlands

West Spontaneous 
ICH

FETCH 31 60 (12) 29.0 61.3 7/T2*/0.35 5/NR 6

Martí-Fàbregas190 2016 Spain West ICH 5 Hospitals 
in Spain

439 70.8 (14.5) 38.7 75.2 NR/T2*/NR 45/89 5

Pasi191 2019 USA West Spontaneous 
supratentorial 
ICH

MGH 2003–
2012

307 70.2 (12.6) 56.7 77.5 1.5/either T2* 
or SWI/1.8 
(SWI) or 3 
(SWAN)

87/NR 6

Pasi192 2018 USA West Spontaneous 
non-cerebellar 
ICH

MGH 2010–
2017

482 NR NR NR 1.5/T2* or 
SWI/5

191/91 4

Pinho180 2021 Portugal West Non-traumatic 
ICH

Hospital de 
Braga

104 64.8 (13.5) 40.4 73.1 1.5/T2*/NR 41/7 8.5

Schwarz164 2022 UK West Spontaneous 
non-cerebellar 
ICH

CROMIS-2 
ICH

153 69 38.6 56.2 NR/either T2* 
or SWI/NR

23/43 1.5

Segal193 1999 USA West Spontaneous 
ICH

MGH 1995–
1997

45 76.1 (8.9) 48.9 53.3 NR/T2*/NR 15/NR 1.5

Tsai194 2018 Taiwan East 
Asia

Spontaneous 
ICH

National 
Taiwan 
University 
Hospital 

214 NR NR NR  3/SWI/1.6 15/9 7.5

Xu167 2019 China East 
Asia

Spontaneous 
ICH (139 
first-ever, 45 
recurrent)

West China 
Hospital

184 61 (12.5) 24.5 66.3 3/SWI/NR 26/NR 4.5

Yakushiji186 2020  Japan East 
Asia

Spontaneous 
ICH

Saga 
University 
Faculty of 
Medicine

126 71 (60-78)*  47 93  3/SWI/3 10/NR 0

Prevalence of CAA according to Boston criteria shows the prevalence of probable and possible CAA. 
FETCH, Finding the Etiology in Spontaneous Cerebral Hemorrhage; MGH, Massachusetts General Hospital; CAA, cerebral amyloid angiopathy; CROMIS-2, Clin-
ical Relevance of Microbleeds In Stroke; ICH, intracerebral hemorrhage; MRI, magnetic resonance imaging; NR, not reported; SBP, Systolic Blood pressure; SD, 
standard deviation; SWI, Susceptibility-weighted imaging; T, tesla; UK, United Kingdom; USA, United States of America; QA, quality assessment score. 
*Median age and interquartile range were reported instead of mean age (SD).
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Supplementary Table 19. Overview of the study characteristics and reported prevalence of CAA according to the Boston criteria in patients with lobar intra-
cerebral hemorrhage

Author Year Country Area
Definition 
domain 

Study acronym/
name of cohort

n

Age: 
mean (SD) 
or median 

(range)

Female 
(%)

Hypertension 
(%)

MRI parameters 
(field strength 
[T]/sequence/
slice thickness 

[mm])

Prevalence 
CAA 

(probable/
possible)

QA

Charidimou189 2013 UK; Belgium West Strictly lobar 
ICH

4 Stroke centers in 
UK and Belgium

76 71.1 46.1 64.5 1.5/T2*/5 53/23 6

Greenberg195 1996 USA West Spontaneous 
LICH

4 Hospitals in USA 45 75.3 51.1 64.4 1.5/T2*/NR 27/12 6.5

Jamieson196 2012 UK West Spontaneous 
LICH

European Basic 
Stroke Register

53 77 (8) 49.1 56.6 NR/NR/NR 6/47 2.5

Renard185 2020 France West Spontaneous 
LICH

Nîmes University 
Hospital

68 74 48.5 NR 1.5 T (n=56) 
and 3.0 T 
(n=13)/T2*/
NR

51/NR 2

Schwarz168 2022 UK West Spontaneous 
LICH

CROMIS-2 (ICH) and 
SIGNaL register

140 72.5 57.9 58.6 NR/either T2* 
or SWI/NR

54/NR 4.5

Viguier187 2019 France West Spontaneous 
LICH

University Hospital 
Toulouse

165 70.5 (13.9) 46.1 49.7 1.5/T2*/5 72/NR 3

Prevalence of CAA according to Boston criteria shows the prevalence of probable and possible CAA. 
CAA, cerebral amyloid angiopathy; CROMIS-2, Clinical Relevance of Microbleeds In Stroke; SIGnaL, Stroke InvestiGation in North and Central London; LICH, 
lobar intracerebral hemorrhage; MRI, magnetic resonance imaging; NR, not reported; SD, standard deviation; ST, slice thickness; UK, United Kingdom; USA, 
United States of America. 
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Supplementary Figure 1. Forest plots showing the prevalence of moderate-to-severe CAA pathology in the East-Asian and Western general populations. 
CAA, cerebral amyloid angiopathy; CI, confidence interval.

Supplementary Figure 2. Forest plots showing the prevalence of strictly lobar CMBs in the East-Asian and Western general populations. CMBs, cerebral micro-
bleeds; CI, confidence interval.
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Supplementary Figure 3. Forest plots showing the prevalence of moderate-to-severe CAA pathology in Western cognitively normal elderly. No studies were 
included that reported on the prevalence of moderate-to-severe CAA pathology in East Asian cognitively normal elderly. CAA, cerebral amyloid angiopathy; CI, 
confidence interval.

Supplementary Figure 4. Forest plots showing the prevalence of strictly lobar CMBs in East-Asian and Western cognitively normal elderly. CMBs, cerebral 
microbleeds; CI, confidence interval.
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Supplementary Figure 5. Forest plots showing the prevalence of moderate-to-severe CAA pathology in East-Asian and Western patients with Alzheimer’s 
disease. CAA, cerebral amyloid angiopathy; CI, confidence interval.
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Supplementary Figure 6. Forest plots showing the prevalence of strictly lobar CMBs in East-Asian and Western patients with Alzheimer’s disease. CMBs, ce-
rebral microbleeds; CI, confidence interval.

Supplementary Figure 7. Forest plots showing the prevalence of moderate-to-severe CAA pathology in East-Asian and Western patients with ICH. CAA, ce-
rebral amyloid angiopathy; ICH, intracerebral hemorrhage; CI, confidence interval.
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Supplementary Figure 8. Forest plots showing the prevalence of strictly lobar CMBs in East-Asian and Western patients with ICH. CMBs, cerebral micro-
bleeds; ICH, intracerebral hemorrhage; CI, confidence interval.
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