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Abstract Presence of cerebral microbleeds indicates

underlying vascular brain disease and has been implicated

in lobar hemorrhages and dementia. However, it remains

unknown whether microbleeds also reflect more systemic

vascular burden. We investigated the association of mi-

crobleeds with all-cause and cardiovascular related mor-

tality in the general population. We rated the brain

magnetic resonance imaging scans of 3979 Rotterdam Scan

Study participants to determine presence, number, and

location of microbleeds. Cox proportional hazards models,

adjusted for age, sex, subcohort, vascular risk factors, and

other MRI markers of cerebral vascular disease, were

applied to quantify the association of microbleeds with

mortality. After a mean follow up of 5.2 (±1.1) years, 172

(4.3 %) people had died. Presence of microbleeds, and

particularly deep or infratentorial microbleeds, was sig-

nificantly associated with an increased risk of all-cause

mortality [sex-, age-, subcohort adjusted hazard ratio (HR)

2.27; CI 1.50–3.45], independent of vascular risk factors

(HR 1.87; 95 % CI 1.20–2.92). The presence of deep or

infratentorial microbleeds strongly associated with the risk

of cardiovascular related mortality (HR 4.08; CI

1.78–9.39). Mortality risk increased with increasing num-

ber of microbleeds. The presence of microbleeds, particu-

larly multiple microbleeds and those in deep or

infratentorial regions, indicates an increased risk of mor-

tality, independent of other MRI markers of cerebral vas-

cular disease. Our data suggest that microbleeds may mark

severe underlying vascular pathology associated with

poorer survival.
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Abbreviations

APOE-e4 Apolipoprotein E4

CMBs Cerebral microbleeds

HDL High-density lipoprotein

HR Hazard ratio

MRI Magnetic resonance imaging

WML White matter lesions

Introduction

Vascular diseases are worldwide the leading cause of

mortality, currently accounting for 30 % of all deaths [1].

With the dramatic surge of vascular risk factors expected in

the developing world, the incidence of vascular mortality

will only further increase in coming decades [2]. In the

brain, vascular disease may manifest itself not only as

stroke, but also as cognitive decline and dementia [3], all of

which are related to shorter survival [4–7]. Before vascular

disease becomes clinically apparent, usually a long pre-
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clinical phase has passed during which vascular pathology

steadily accumulates. A cornerstone of preventive research

has been to identify markers that are indicative of such pre-

clinical pathology and thus predict poor survival [8]. For

vascular disease in the brain, several pre-clinical markers

have been identified and include white-matter lesions

(WML) and lacunar infarcts, which can both be visualized

on magnetic resonance imaging (MRI) [9]. Indeed, previ-

ous studies have established that presence of these markers

relates to shorter survival [10–12].

In recent years, cerebral microbleeds have emerged as a

novel MRI marker of vascular brain disease, and micro-

bleeds are highly prevalent in the general population [13,

14]. In contrast to WML and lacunar infarcts, which reflect

ischemic changes in the brain, cerebral microbleeds are

thought to be small foci of leakage of blood cells [15]. It

remains unknown to what extent microbleeds increase the

risk of mortality. Also, it is unclear whether presence of

microbleeds only reflects vascular disease in the brain, or

whether it actually indicates systemic vascular disease.

Until now, two patient-based studies have investigated

the association between microbleeds and mortality. One

study in memory clinic patients found that presence of

microbleeds was associated with risk of mortality inde-

pendently of other MRI markers of vascular brain disease

[10], whilst another study in patients with increased risk of

cardiovascular disease reported that it was primarily the

number of microbleeds that was related to mortality [16].

We were particularly interested to see whether we could

extent these findings to a large group of presumably

asymptomatic individuals, since the prevalence of micro-

bleeds is high in the general population. We therefore

investigated the association between presence, number and

location of microbleeds with regard to all-cause, and car-

diovascular related mortality in the general middle aged

and elderly population.

Methods

Study design and participants

The study is embedded in the Rotterdam Study, an ongoing

prospective population-based cohort study aimed at

assessing the incidence, prevalence and determinants of

chronic diseases in the elderly. The initial cohort was

extended with participants enrolled at a younger age in

subsequent years of the study. Rationale and study design

have been described previously [17, 18]. The institutional

review board approved the study [17]. From 2005 until

2009, a total of 4,898 participants of the Rotterdam Study

were invited to undergo brain MRI in the context of the

Rotterdam Scan Study [18]. Participants with prevalent

dementia (N = 30), and MRI contra-indications (N = 389)

were considered ineligible. Of the eligible participants,

4,082 (91 %) gave written informed consent. After

excluding participants with physical inabilities to complete

MRI (N = 44), and MR images of low quality due to

artifacts (N = 59), ratings of microbleeds were available

for 3,979 participants.

Brain MRI, assessment of MRI markers

We used a multisequence MRI protocol on the same 1.5-T

scanner (GE Healthcare Milwaukee, WI) in all participants

[18]. Microbleeds were rated as focal areas of signal loss

on 3D T2* GRE-weighted MR imaging (repetition

time = 45 ms, echo time = 31, matrix size = 320 9 244,

flip angle = 13, field-of-view = 25 9 17.5 cm2, parallel

imaging acceleration factor = 2, 96 slices encoded with a

slice thickness of 1.6 mm zero padded to 192 slices of

0.8 mm, acquisition time 5 min 55 s) [19]. The presence,

number and location of cerebral microbleeds was recorded.

Microbleeds were categorized into lobar, deep, and infra-

tentorial, as described previously [14]. The presence of

lacunar and cortical infarcts was rated on FLAIR, proton

density weighted and T1-weighted sequences [14]. WML

and total brain volume were fully automatically segmented

and quantified by summation of all voxels of each tissue

class across the whole brain [20].

Follow up for mortality

In the Rotterdam Study, information on vital status is

obtained from municipal health authorities in Rotterdam on

a monthly basis, and from general practitioners in the study

area on a continuous basis. For each reported event,

information on cause of death is obtained from general

practitioners, and by checking medical records. Deaths due

to cardiovascular causes were identified using the ‘Rot-

terdam Study cardiovascular mortality classification’[21].

For all-cause mortality participants were followed from

date of entry until date of death, lost to follow up or July

1st 2012, whichever came first. Information on cause

specific mortality was available up to January 1st 2011.

Accordingly, for cause specific mortality participants were

followed from date of entry until date of death, lost to

follow up or January 1st 2011, whichever came first.

Assessments of vascular covariates

Potential vascular risk factors were selected based on

previous literature published on microbleeds [13, 14].

Research nurses collected data on all participants attending

the research center by structured interviews, physical and

laboratory examinations [17]. Blood pressure was
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measured in two readings using a random zero sphygmo-

manometer in sitting position, and both measures were

averaged. Serum total cholesterol and high-density lipo-

protein were measured using an automated enzymatic

procedure [17]. Smoking behavior was defined as ‘‘ever’’

or ‘‘never’’ smoked. Diabetes was defined as having fasting

blood glucose of C7.0 mmol/l, and/or the use of any glu-

cose lowering medication. The use of any medication was

assessed during home visits by standardised interviews.

APOE genotyping was performed on coded genomic DNA

samples [22]. Distribution of APOE genotype and allele

frequencies in this population were in Hardy–Weinberg

equilibrium.

Statistical analysis

Baseline characteristics of the study population, by mi-

crobleed status, were investigated cross-sectionally using

Student t-tests and Chi square tests to determine differ-

ences. WML volume was natural log transformed due to its

skewed distribution.

Cox proportional hazards models were fitted to obtain

the estimated hazard ratios and 95 % confidence intervals

on all-cause, and cardiovascular related mortality associ-

ated with the presence of one or more microbleeds. In

addition, to determine the presence of a dose response

association, we preformed analyses by categories of mi-

crobleed count assigning participants as having no (refer-

ence category), one, two through four, and five or more

microbleeds [23, 24]. Finally, since microbleeds at differ-

ent locations of the brain are considered to relate to dif-

ferent etiology, we explored the risk of mortality associated

with the presence of microbleeds at different locations of

the brain (i.e. strictly lobar vs. no microbleeds, and deep or

infratentorial microbleeds with or without presence of

lobar microbleeds vs. no microbleeds). We constructed

four statistical models. In Model 1, we adjusted only for

age, sex and Rotterdam Study subcohort. In Model 2, we

additionally adjusted for conventional vascular risk factors,

namely systolic and diastolic blood pressure, total choles-

terol, high-density lipoprotein cholesterol, lipid lowering

medication, antihypertensive medication, diabetes, and

smoking. These were selected because of their strong

association with deep or infratentorial microbleeds. In

Model 3, we focused on reported risk factors for lobar

microbleeds. Because APOE carriership is strongly related

to lobar microbleeds [14] we adjusted this model for APOE

genotype. Since APOE genotype affects lipid metabolism

we additionally adjusted model 3 for cholesterol levels and

lipid lowering medication. Finally, in Model 4 we extended

Model 1 by adjustments for other imaging markers of

vascular brain disease, specifically brain infarcts, WML

and total brain volume [adjusted for intracranial volume

(ICV)]. The proportional hazards assumption was tested

using Schoenfeld residuals. Kaplan–Meier survival curves

were constructed for categories of microbleed count for all-

cause mortality. All analyses were conducted using statis-

tical software package SPSS (version 20.0). P values\0.05

were considered statistically significant.

Results

Baseline characteristics of the population are shown in

Table 1. Of the 3,979 Rotterdam Scan Study participants,

609 (15.3 %) had one or more cerebral microbleeds at

baseline MRI. Of these, 413 (67.8 %) had strictly lobar

microbleeds, and 196 (32.2 %) had microbleeds in deep or

Table 1 Baseline characteristics of study participants

Total (N = 3,979)

Microbleeds

(N = 609)

No microbleeds

(N = 3,370)

Age (years)* 64.5 (9.8) 59.5 (8.3)

Female 322 (52.9) 1,842 (54.7)

Duration of follow up, deaths

all-cause (years)

5.1 (1.3) 5.2 (1.1)

Duration of follow up, deaths

cause specific (years)

3.8 (1.1) 3.7 (1.0)

Systolic blood pressure

(mmHg)*

140.3 (20.8) 134.4 (19.2)

Diastolic blood pressure

(mmHg)*

82.1 (11.3) 81.7 (10.7)

Use of blood pressure lowering

medication

212 (35.5) 921 (27.6)

Total cholesterol (mmol/l) 5.6 (1.1) 5.6 (1.0)

HDL cholesterol (mmol/l) 1.4 (0.4) 1.4 (0.4)

Use of Lipid lowering

medication

145 (24.2) 713 (21.4)

Diabetes 54 (9.1) 263 (8.0)

Ever smoked* 453 (74.8) 2,342 (69.9)

APOE-e4 carriership* 188 (37.7) 890 (32.5)

Lacunar infarcts on MRI* 75 (12.3) 138 (4.1)

Cortical infarcts on MRI 22 (3.6) 89 (2.6)

White-matter lesion volume

(ml)*

8.1 (12.6) 4.1 (6.2)

Total brain volume (ml)* 933.6 (103.6) 945.4 (106.0)

Data presented as mean (standard deviation) for continuous variables

and number (percentage) for categorical variables

APOE-e4 carriership status was missing in n = 742, mainly due to

insufficient blood draw for DNA extraction

HDL high-density lipoprotein, APOE-e4 apo lipoprotein E4

* P value\0.05, indicates significant difference between people with

and without microbleeds
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infratentorial regions. As previously reported [13], higher

age, systolic blood pressure, smoking, APOE-e4 carrier-

ship, lacunar infarcts and white-matter lesions on MRI, and

total brain volume were significantly associated with the

presence of cerebral microbleeds. After a mean follow up

of 5.2 (±1.1) years, a total of 172 (4.3 %) people had died.

Of the 124 participants who died before January 1st 2011,

cause of death was known, and 36 (29.0 %) died of car-

diovascular causes: 19 participants died of coronary heart

disease, 6 due to ischemic stroke, 3 due to hemorrhagic

stroke, 2 participants died of unspecified stroke, and 6 of

other atherosclerotic or cardiovascular diseases.

Table 2 shows the estimated hazard ratios for presence

of cerebral microbleeds in relation to all-cause, cardio-

vascular, stroke, and non-cardiovascular related mortality

after basic adjustments for age, sex, and Rotterdam Study

subcohort. After these adjustments, the presence of mi-

crobleeds related to a higher risk of all-cause [hazard ratio

(HR) 1.56; 95 % CI 1.12–2.17], and cardiovascular related

mortality (HR 2.37; 95 % CI 1.19–4.70). When

investigating microbleeds with respect to their location in

the brain, we found that microbleeds located deep or in-

fratentorial in the brain were strongly associated with all-

cause (HR 2.27; 95 % CI 1.50–3.45), cardiovascular (HR

4.08; 95 % CI 1.78–9.39), stroke (HR 5.02; 95 % CI

1.33–18.91), and non-cardiovascular related mortality (HR

1.81; 95 % CI 0.99–3.29), whilst strictly lobar microbleeds

were not related to mortality (Table 2). In a post hoc

analysis we found that people with strictly deep or infra-

tentorial microbleeds had an increased risk of all-cause

mortality compared with people without microbleeds (age,

sex, subcohort adjusted HR: 1.84; 95 % CI 0.93–3.64).

Table 3 and Fig. 1 show the association between mi-

crobleed count and the risk of mortality. The risk of all-

cause mortality increased gradually with larger numbers of

microbleeds in the brain (Fig. 1). Participants with five or

more cerebral microbleeds, had a 2.8 times (95 % CI

1.65–4.62) higher risk of dying, compared to people

without cerebral microbleeds, whereas participants with

one cerebral microbleed had a 1.3 times (95 % CI

Table 2 Cerebral microbleeds and the risk of mortality

All-cause mortality Cardiovascular mortality Stroke mortality Non-cardiovascular

mortality

n/N HR (95 % CI) n/N HR (95 % CI) n/N HR (95 % CI) n/N HR (95 % CI)

CMBs (none) 115/3,370 Ref. 20/3,370 Ref. 6/3,370 Ref. 62/3,370 Ref.

CMBs (C1) 57/609 1.56 (1.12–2.17) 16/609 2.37 (1.19–4.70) 5/609 1.98 (0.59–6.70) 26/609 1.30 (0.81–2.09)

CMBs deep or

infratentorial

30/196 2.27 (1.50–3.45) 9/196 4.08 (1.78–9.39) 4/196 5.02 (1.33–18.91) 14/196 1.81 (0.99–3.29)

CMBs strictly lobar 27/413 1.16 (0.76–1.79) 7/413 1.73 (0.71–4.19) 1/413 1.00 (0.10–10.32) 12/413 0.96 (0.51–1.80)

Values represent hazard ratios (HR) with 95 % confidence interval (CI)

Adjusted for age, gender, and Rotterdam Study subcohort

Follow up for all-cause mortality was until 01.07.2012, and a total of 172 people had died

Follow up for cardiovascular (including stroke related) and non-cardiovascular mortality was until 01.01.2011, and a total of 124 people had died

n deaths, N number of subjects, CMBs cerebral microbleeds

Table 3 Cerebral microbleeds per category of microbleed count and risk of mortality

All-cause mortality Cardiovascular mortality Stroke mortality

n/N HR (95 % CI) n/N HR (95 % CI) n/N HR (95 % CI)

CMBs (none) 115/3,370 Ref. 14/3,370 Ref. 6/3,370 Ref.

CMBs 1 25/395 1.30 (0.84–2.02) 5/395 1.48 (0.55–3.99) 0/395 No cases

2 thr. 4 14/143 1.34 (0.76–2.35) 4/143 2.02 (0.67–6.09) 2/143 2.62(0.50–13.65)

C5 18/71 2.76 (1.65–4.62) 7/71 5.64 (2.27–13.99) 3/71 6.87 (1.62–29.07)

Values represent hazard ratios (HR) with 95 % confidence interval (CI)

Adjusted for age, gender, and Rotterdam Study subcohort

Follow up for all-cause mortality was until 01.07.2012, and a total of 172 people had died

Follow up for cardiovascular (including stroke related) mortality was until 01.01.2011, and a total of 124 people had died

n deaths, N number of subjects, CMBs cerebral microbleeds
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0.84–2.02) higher risk (Table 3). Testing for linear trends

in the hazard of microbleed count per category showed a

P value of 0.001. Also, the risk of cardiovascular, and

stroke related mortality was higher when the number of

microbleeds increased (Table 3).

After adjusting for vascular risk factors the presence of

microbleeds, and especially deep or infratentorial micro-

bleeds, associated strongly with all-cause mortality

(Table 4, model 2 and 3). Similar results were found after

adjustment for infarcts, WML load and brain volume

(Table 4, model 4). Particularly the presence of 5 or more

microbleeds indicated an increased risk of all-cause mor-

tality after adjusting for vascular risk factors (HR 2.41;

95 % CI 1.37–4.24), and after adjusting for other MRI

markers of vascular brain disease (HR 2.01; 95 % CI

1.16–3.48).

Discussion

We found that the presence of deep or infratentorial mi-

crobleeds, but not lobar microbleeds, was related to

increased risk of all-cause mortality. These associations

were strongest with cardiovascular mortality. In people

with more than five microbleeds, these associations were

independent from vascular risk factors and other MRI

markers of vascular brain disease.

Strengths of our study include the population-based

setting, which aids generalizability, and the large sample

size, facilitating various subgroup analyses. Linkage with

data from municipal health authorities ensured virtually

complete follow up for mortality. Also, we were able to

investigate the association between microbleeds and risk of

mortality independent of vascular risk factors and imaging

markers due to detailed assessment in the Rotterdam Study.

Our scan protocol was optimized to increase conspicuity of

microbleeds [19]. Care should be taken that the number of

microbleeds detected may differ in various scan settings as

it strongly depends on imaging parameters used [19]. We

categorized microbleeds as done conventionally into

strictly lobar versus deep or infratentorial microbleeds

based on their presumable underlying pathology [14].

However, such categorization might suffer from the fact

that people with deep or infratentorial microbleeds may

have more microbleeds than those with only lobar micro-

bleeds. It is thus possible that the association between deep

or infratentorial microbleeds and mortality is driven by

numbers of microbleeds rather than location. To address

this issue, we performed a post hoc analysis, comparing

people with strictly deep or infratentorial microbleeds with

people without microbleeds. We found that strictly deep or

infratentorial microbleeds still increased the risk of mor-

tality by 84 % (age, sex, subcohort adjusted HR: 1.84;

Fig. 1 Kaplan Meier survival curves of cerebral microbleeds per

category of microbleed count

Table 4 Cerebral microbleeds and risk of all-cause mortality

Model 1 Model 2 Model 3 Model 4

HR (95 % CI) HR (95 % CI) HR (95 % CI) HR (95 % CI)

CMBs (none) Ref. Ref. Ref. Ref.

CMBs (C1) 1.56 (1.12–2.17) 1.37 (0.96–1.94) 1.29 (0.86–1.93) 1.35 (0.96–1.91)

CMBs deep or infratentorial 2.27 (1.50–3.45) 1.87 (1.20–2.92) 1.76 (1.05–2.94) 1.90 (1.20–3.00)

CMBs strictly lobar 1.16 (0.76–1.79) 1.04 (0.65–1.66) 1.00 (0.59–1.69) 1.05 (0.67–1.64)

Values represent hazard ratios (HR) with 95 % confidence interval (CI)

Model 1: adjusted for age, gender, Rotterdam Study subcohort

Model 2: as Model 1, and additionally adjusted for systolic and diastolic blood pressure, total cholesterol, high-density lipoprotein cholesterol,

lipid lowering- and antihypertensive medication, diabetes, smoking

Model 3: as Model 1, and additionally adjusted for apolipoprotein E4 carriership, total cholesterol, high-density lipoprotein cholesterol, lipid

lowering medication

Model 4: as Model 1, and additionally adjusted for presence of lacunar and cortical brain infarcts, white matter lesion volume (ln transformed,

per standard deviation increase), total brain volume and intracranial volume

CMBs cerebral microbleeds

Cerebral microbleeds and mortality 819
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95 % CI 0.93–3.64). It is noteworthy that the number of

cardiovascular deaths (including strokes) in our study

group was relatively small. One explanation is that non-

participants (e.g. those with MRI contraindications, such as

pacemaker, metal implants) have a high likelihood of

cardiovascular death. Furthermore, over two-thirds of the

cardiovascular deaths (including strokes) occur beyond the

age of 75 [25]. In our study group, 92.3 % of the popula-

tion was younger than 75 years, and thus less likely to die

of cardiovascular causes.

We found that presence of microbleeds associates with

an increased risk of mortality. These findings are in line

with previous studies conducted in a memory clinic pop-

ulation [10], and in a population of people with an

increased risk of developing cardiovascular disease

(PROSPER study) [16]. We now show that these findings

can be extended to people of the general population,

emphasizing the role of microbleeds as a preclinical marker

of vascular disease in asymptomatic individuals. People

with microbleeds were not only more likely to die from

vascular brain disease (i.e. strokes) but also from vascular

disease outside the brain (i.e., myocardial infarction, heart

failure). Previously, it has been suggested that vascular

brain disease may to a large extent reflect systemic vascular

disease [11, 26–28]. It is therefore viable that microbleeds

not only reflect changes in cerebral vessels but may also

reflect systemic vascular changes which indicate poorer

survival. Further evidence for this notion comes from our

observation that especially deep or infratentorial micro-

bleeds drove the associations [16]. Indeed, deep or infra-

tentorial microbleeds are thought to reflect hypertensive

arteriopathy [14], which overlaps considerably with sys-

temic vascular disease, whereas lobar microbleeds are

more indicative of cerebral amyloid angiopathy, which is

primarily restricted to the brain [29]. This might also

explain findings from a previous study that showed lobar

microbleeds to be associated with stroke-specific mortality

[16]. It is likely that these strokes were intracerebral

hemorrhages, a major clinical sequel of lobar microbleeds

[29]. In our study, the overall number of stroke related

mortality was small, precluding robust observations.

The association between deep or infratentorial micro-

bleeds and non-cardiovascular deaths may be explained by

deaths due to other neurological causes (i.e. neurodegen-

erative disease). Another potential explanation may be

misclassification of underlying cause of death in people

dying from presumably non-vascular causes (70 % of non-

cardiovascular deaths was attributed to death from cancer).

We found that the associations between microbleeds and

all-cause mortality weakened after adjustment for vascular

risk factors. Still, we found that deep or infratentorial mi-

crobleeds relate to a higher risk of cardiovascular mortal-

ity, even after adjustment for vascular risk factors. This

suggests that microbleeds reflect risk factors for vascular

brain disease that we did not measure in our study (e.g.,

genetic factors), or microbleeds may be a more sensitive

marker of mortality than these concomitantly measured

vascular risk factors. Finally, we showed that multiple

microbleeds associate with mortality independent of other

MRI markers of vascular brain disease. Therefore, (multi-

ple) microbleeds may be used in addition to other imaging

markers such as brain infarcts, WML to identify presence

and severity of cerebral vascular disease, and to indicate

poorer survival [10–12]. Future studies should indicate

whether implementing MRI techniques as a screening

method will be cost-effective.

In conclusion, our study shows that in the general

population the presence of deep or infratentorial micro-

bleeds is associated with an increased risk of mortality,

especially cardiovascular mortality. This implies that mi-

crobleeds may be a novel sensitive marker of severe vas-

cular disease and thus an increased risk of death.
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