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Abstract

Introduction: While the relationship between hypertension and incident intracerebral haemorrhage is well established,
other risk factors are less clear. This study examined risk factors for primary intracerebral haemorrhage, separately for
lobar and non-lobar intracerebral haemorrhage.

Patients and methods: Incidence of intracerebral haemorrhage was studied among 28,416 individuals from the
population-based Malmo Diet and Cancer cohort. Intracerebral haemorrhage cases were ascertained using the
Swedish Hospital Discharge Register and the Stroke Register of Malmo, validated by review of hospital records and
images, and classified by location by a neuroradiologist. Multivariable Cox regression was used.

Results: Three hundred and thirty-three intracerebral haemorrhages occurred, mean follow-up time was 18.4 years.
Systolic blood pressure (hazard ratio per 10 mmHg 1.19 [95% confidence interval |.13—1.26], diastolic blood pressure
(hazard ratio 1.42 [1.27-1.59]), oral anticoagulants (hazard ratio 4.26 [2.17-8.38]), smoking (hazard ratio 1.45 [I.14—
1.87]), living alone (hazard ratio 1.32 [1.04-1.69]) and low apolipoprotein B (hazard ratio per 10 mg/dL: 0.94 [0.90—
0.99]) were significantly associated with incident intracerebral haemorrhage after multivariable adjustment. Systolic
blood pressure, smoking and oral anticoagulants were associated with lobar intracerebral haemorrhage. Systolic
blood pressure, diastolic blood pressure, living alone and diabetes were associated with non-lobar intracerebral hae-
morrhage. Diabetes and diastolic blood pressure showed significantly different relationships with lobar and non-lobar
intracerebral haemorrhage. Alcohol, apolipoprotein Al, body mass index, waist circumference, physical activity and
education were not independently associated with intracerebral haemorrhage.

Discussion and conclusions: Blood pressure, smoking, low apolipoprotein B, oral anticoagulants and living alone were
associated with intracerebral haemorrhage. Diabetes was associated with non-lobar intracerebral haemorrhage only.
Further research is required on differences between lobar and non-lobar intracerebral haemorrhage.
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high alcohol intake,”® obesity,*” psychosocial stress,>’

physical activity®'® and lipid levels,'"'* and results
vary between studies. Risk factors could also differ
for lobar and non-lobar ICH.*%!* Only a few previous
prospective cohort studies have analysed risk factors
for lobar and non-lobar ICH separately.>*'*'7 The
aim of this study was to investigate the relationships
between potential risk factors and incident ICH in a
prospective cohort. We also separately studied risk fac-
tors for ICH with lobar and non-lobar location.

Patients and methods

The data that support the findings of this study are
available after application to the Malmo Diet and
Cancer study (MDCS) steering committee at Lund
University, Sweden.

Study population and baseline examination

The MDCS is a population-based cohort.” Between
1991 and 1996, all men aged 46-73years and all
women aged 45-73years residing in the city of
Malmo were invited by mail or newspaper advertise-
ment. Out of an eligible population of 68,095, 30,447
participated. 28,449 completed the basecline examina-
tion. We excluded individuals with history of ICH
(n=33), leaving 28,416 subjects.

In the baseline examination, blood pressure was
measured in the supine position after 10min of rest,
using a mercury-column sphygmomanometer. Waist
circumference was measured and body mass index
(BMI) was calculated from weight and height. A self-
administered questionnaire was used to assess educa-
tional level, physical activity and whether the subjects
lived alone, as well as use of cigarettes, alcohol and
medications. Participants who had self-reported diabe-
tes, reported use of anti-diabetic drugs, or had been
diagnosed with diabetes according to national or
local registers of diabetes patients, were classified as
diabetic."® A physical activity score was calculated."”
Individuals in the lowest quartile were considered to
have low physical activity. We categorised educational
level as primary (<9 school years), secondary (10—
12 years) or university level (>12years). Participants
that smoked regularly or occasionally were classified
as current smokers. High alcohol intake was defined
as >40g/day for men and >30g/day for women. As
the distribution of waist circumference differs substan-
tially between men and women, waist was divided into
quartiles with sex-specific cut points. Blood samples
were taken at the baseline examination and plasma
was separated within 1h and frozen at —80°C.
Apolipoproteins Al and B (apoAl, apoB) were

measured using an immunonephelometric assay, with
an inter-assay variability of <4.0% for both proteins.

Incidence of ICH

All individuals were followed up from the baseline
examination until first ICH event, death, emigration
or end of follow-up (31 December 2014). Cases of
ICH during follow-up (incident ICH) were identified
by linkage with the Swedish Hospital Discharge
Register (International Classification of Diseases 9th
edition code 431 and 10th edition 161.0-9) and the
local stroke register of Malmo.? The ICH diagnoses
were validated by review of hospital records, including
images, and were confirmed when computed tomogra-
phy, magnetic resonance imaging or autopsy showed
parenchymal brain haemorrhage. The present study
only included primary ICH cases, in which secondary
causes (here defined as trauma, tumour, arterio-venous
malformation, haemorrhagic infarction, intravenous
thrombolysis) were not present based on available
workup. Cases of ICH were classified by a senior neu-
roradiologist according to bleeding location as lobar
(cortical or subcortical white matter) or non-lobar
(basal ganglia, periventricular white matter, internal
capsule, cerebellum or brainstem). Ten ICH cases
that occurred outside of Malmo could not be validated
in medical records but were still included in the analy-
ses. Fatal cases of ICH outside of hospital were iden-
tified in the Causes of Death Register and diagnosed
after autopsy. The Swedish Hospital Discharge
Register and the Causes of Death Register covered all
hospitalisations and deaths in Sweden during the years
of follow-up.

Statistical analysis

Hazard ratios (HRs) were estimated using Cox’s pro-
portional hazards regression, with age as the underly-
ing time scale. All models adjusted for baseline age and
sex. The main multivariable-adjusted model also
included systolic blood pressure, blood pressure-
lowering drugs, current smoking, high alcohol intake,
oral anticoagulants, diabetes mellitus, BMI and living
alone. Analyses of apoA1l and apoB were also adjusted
for lipid-lowering drugs. In analyses of diastolic blood
pressure and waist circumference, these variables
substituted systolic blood pressure and BMI, respec-
tively. Potential collinearity in the Cox models was
examined; tolerance was above 0.7 for all covariates
in the multivariable models and no collinearity prob-
lem was observed. Risk factors for lobar and non-lobar
ICH were analysed in subgroup analyses. To evaluate
whether the associations significantly differed between
lobar and non-lobar ICH, a modified version of Lunn—
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McNeil’s method for Cox regression, with multivari-
able adjustment, was used. This method has been
described in detail elsewhere.?**!

P values <0.05 were considered statistically signifi-
cant. Stata version 12.0 (StataCorp. 2011. Stata
Statistical Software: Release 12. College Station, TX:
StataCorp LP.) was used for statistical analyses.

Results

Three hundred and thirty-three cases of ICH occurred
during a mean follow-up time of 18.4 years. The crude
incidence rate was 63.7 (95% CI 57.2-70.9) cases/
100,000 person-years. Baseline characteristics in all
study subjects and in ICH cases are displayed in
Table 1. In the entire cohort, mean age + SD at screen-
ing was 58 8 years, 60% were women and 62% had
hypertension. In ICH cases, mean age at the ICH event
was 74 £8 years (range, 47-91 years), 53% were women
and 80% had hypertension at baseline. Haemorrhage
location was defined for 268 cases: 117 were lobar and
151 non-lobar.

Risk factors for ICH

Of the 28,416 individuals included in this study, 27,666
subjects (326 cases) had complete information on all
variables in the main multivariable model.

Table |. Baseline characteristics in study subjects.

Results from the age- and sex-, and the
multivariable-adjusted analyses, respectively, are pre-
sented in Table 2. Systolic and diastolic blood pressure,
current smoking, oral anticoagulants, living alone and
low levels of apoB were associated with increased risk
of ICH after multivariable adjustment (Table 2). High
alcohol intake was associated with ICH adjusting for
age and sex, but became non-significant after adjust-
ment for systolic blood pressure and smoking. ApoAl,
BMI, waist circumference, physical activity and educa-
tional level were not significantly associated with ICH.

Risk factors for lobar and non-lobar ICH

In the multivariable-adjusted analyses, the following
variables were significantly associated with lobar
ICH: systolic blood pressure (HR per 10 mmHg: 1.13
[confidence interval [CI] 1.02—1.24]), current smoking
(HR 1.57 [CI 1.04-2.36]) and oral anticoagulants
(HR 8.18 [CI 3.48-19.20]) (Figure 1).

Systolic and diastolic blood pressure (HR per
10mmHg increase 1.22 [CI 1.12-1.33], and 1.59
[1.35-1.88], respectively), living alone (HR 1.43 [CI
1.002-2.04] and diabetes mellitus (HR 1.97 [CI 1.10—
3.53]) were significantly associated with non-lobar ICH
(Figure 1). Complete results from the subgroup analy-
ses are presented in Supplement Table 1.

All subjects ICH Lobar ICH Non-lobar ICH
n 28,416 333 17 151
Age, years 58.2 (7.6) 61.8 (7.3) 62.3 (7.5) 61.2 (7.4)
Men, n (%) 11,224 (39.5) 158 (47.5) 52 (44.4) 77 (51.0)
Systolic BF, mmHg 141 (20) I51 (21) 149 (21) 152 (21)
Diastolic BP, mmHg 86 (10) 90 (11) 87 (11) 9l (1)
BP-lowering drugs, n (%) 5,054 (17.8) 75 (22.5) 26 (22.2) 39 (25.8)
Hypertension, n (%) 17,483 (62) 267 (80) 89 (76) 125 (83)
Diabetes mellitus, n (%) 1,185 (4.2) 19 (5.7) 3 (2.6) 13 (8.6)
Current smoking, n (%) 7,946 (28.3) 96 (29.2) 36 (30.8) 39 (25.8)
High alcohol intake, n (%) 1,208 (4.3) 19 (5.8) 7 (6.0) 8 (5.3)
Educational level, n (%)
Primary (<9 years) 19,109 (68.2) 229 (69.6) 85 (73.5) 105 (70.2)
Secondary (1012 years) 4,925 (17.6) 57 (17.3) 23 (19.7) 26 (17.2)
University (>12 years) 3,978 (14.2) 41 (12.5) 9(7.7) 20 (13.3)
Living alone, n (%) 6,853 (24.7) 100 (30.6) 28 (23.9) 46 (30.7)
BMI, kg/m? 25.8 (4.0) 26.1 (4.3) 25.7 (4.3) 26.2 (4.5)
Waist circumference, men, cm 93.8 (12.5) 92.2 (10.8) 92.2 (10.8) 93.5 (10.1)
Waist circumference, women, cm 77.9 (12.1) 79.3 (10.9) 78.8 (10.5) 794 (12.0)
Low physical activity, n (%) 6887 (25) 82 (25) 34 (29) 34 (23)
Apolipoprotein Al, mg/dL 156.7 (28.2) 153.8 (27.5) 154.7 (24.9) 152.5 (29.5)
Apolipoprotein B, mg/dL 107.2 (26.1) 107.2 (25.3) 106.7 (25.2) 108.6 (26.5)
Lipid-lowering drugs, n (%) 873 (3.1) 8 (2.4) 4 (34) 3 (2.0)
Oral anticoagulants, n (%) 201 (0.7) 9 (2.7) 6 (5.1) 2 (1.3)

ICH: intracerebral hemorrhage; BP: blood pressure; BMI: body mass index.

Numbers are mean (standard deviation) unless otherwise stated.
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Table 2. Hazard ratios for associations with ICH.

Age- and sex-adjusted

HR (95% Cl)

Multivariable adjusted®

HR (95% Cl)

Systolic BP, per 10 mmHg

Diastolic BP, per 10 mmHg

Hypertension

Diabetes mellitus

Current smoking

High alcohol intake

Educational level®

Secondary

University

Living alone

BMI*

<18.5 kg/m?

25-30 kg/m?

>30 kg/m?

Waist circumference®

Low physical activity

Apolipoprotein Al (per 10 mg/dL increase)
Apolipoprotein B (per 10 mg/dL increase)
Oral anticoagulants

119 (1.13-1.26) 119 (1.13-1.26)
141 (1.26-1.57) 1.42 (1.27-1.59)
2.07 (1.58-2.73) 2.04 (1.53-2.72)
1.37 (0.86-2.19) 1.41 (0.89-2.27)
141 (1.11-1.80) 1.45 (1.14-1.87)
1.61 (1.01-2.58) 1.49 (0.93-2.38)
1.07 (0.80—1.44) 1.10 (0.82-1.48)
1.09 (0.78-1.53) 120 (0.85-1.68)
1.36 (1.07-1.73) 132 (1.04-1.69)
0.66 (0.16-2.65) 0.66 (0.16-2.66)
0.93 (0.73-1.18) 0.92 (0.72-1.18)
.14 (0.83-1.57) 1.03 (0.75-1.44)
1.08 (0.79-1.48) 0.96 (0.70-1.32)
110 (0.86—1.41) 1.07 (0.83-1.37)
0.96 (0.92-1.01) 0.96 (0.92-1.01)
0.96 (0.92-1.01) 0.94 (0.90-0.99)
3.81 (1.96-7.42) 426 (2.17-8.38)

ICH: intracerebral haemorrhage; HR: hazard ratio; Cl: confidence interval; BP: blood pressure; BMI: body mass index.
?Main model adjusts for age, sex, systolic BP, use of BP-lowering drugs, current smoking, high alcohol intake, use of oral anticoagulants, diabetes
mellitus, BMI and living alone. ApoA| and apoB also adjusted for lipid-lowering drugs. Diastolic BP not adjusted for systolic BP. Waist circumference not

adjusted for BMI.

®Secondary (10—I2years) and university (>12years) education compared to primary education (<9years).

“Compared to reference group (18.5-25 kg/m?).
9Fourth compared to first quartile.

Diabetes (p for differential association =0.037) and
diastolic  blood pressure (p for differential
association =0.0092) had significantly stronger associ-
ations with non-lobar ICH than with lobar ICH after
multivariable adjustment. For use of oral anticoagu-
lants, living alone, hypertension and systolic blood
pressure, p values were 0.060, 0.095, 0.15 and 0.22,
respectively. For all other risk factors, p values
were >0.3 for test of difference in effects between
lobar and non-lobar ICH.

Discussion

This prospective population-based study explored risk
factors for incident ICH, with subgroup analyses of
lobar and non-lobar ICH. High systolic and diastolic
blood pressure, current smoking, oral anticoagulants,
living alone and low levels of apoB were associated
with ICH after multivariable adjustment. The risk fac-
tors differed somewhat for lobar and non-lobar ICH;
diabetes, diastolic blood pressure and living alone were
associated only with non-lobar ICH, while smoking
was associated only with lobar ICH. A formal compar-
ison of the differential relationships between ICH of
different locations showed that the associations of

diabetes and diastolic blood pressure significantly dif-
fered between lobar and non-lobar ICH.

ApoB levels were inversely associated with ICH in
the multivariable-adjusted analysis, in line with previ-
ous studies of LDL or total cholesterol and risk of
ICH.'"132223 ApoB/apoAl ratio was associated with
only ischemic stroke in the INTERSTROKE study, but
no results were presented for apoB levels.> A recent
study showed similar associations of LDL and apoB
levels with ICH, and a Mendelian randomisation anal-
ysis indicated a causal relationship between LDL and
ICH." It is not clear if the association between choles-
terol and ICH differs for lobar and non-lobar ICH.'*-*
In the present study, there was no clear difference for
the effect of apoB between lobar and non-lobar ICH. It
has been hypothesised that low levels of serum choles-
terol causes fragile cerebrovascular endothelium.’*
More studies are needed to elucidate the associations
of different sub-fractions of plasma lipids and apolipo-
proteins with ICH, and with different locations of ICH.

Smoking was associated with all ICH and lobar
ICH, but not non-lobar ICH, although a formal com-
parison of the effect of smoking on the two outcomes
was non-significant. Zia et al. previously found that
only lobar ICH was associated with current smoking.’
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p for heterogeneity
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non-lobar ICH
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Figure 1. Risk factors significantly associated with all ICH (triangles), lobar ICH (squares) and/or non-lobar ICH (circles) after
multivariable adjustment. P-values for heterogeneity of associations with lobar and non-lobar ICH were calculated using a modified
version of Lunn—McNeil’s method for Cox regression. Main model adjusts for age, sex, systolic blood pressure, use of blood pressure-
lowering drugs, current smoking, high alcohol intake, use of oral anticoagulants, diabetes mellitus, BMI and living alone. Apolipoprotein
B also adjusted for lipid-lowering drugs. Diastolic blood pressure not adjusted for systolic blood pressure.

Few studies have found a significant association
between smoking and ICH at all.>*? However,
most of them did not analyse lobar and non-lobar
ICH separately. An association has been found
between current smoking and incident cerebral micro-
bleeds with lobar, but not non-lobar, location.?® It has
been proposed that smoking causes ICH through for-
mation of microaneurysms.’ It is unclear whether this
only would pertain to lobar ICH. Hypothetically, an
association of smoking with lobar vessel pathology
may be related to cerebral amyloid angiopathy
(CAA), which is an important cause of lobar ICH. It
should be acknowledged that the effects of smoking
with regard to obesity and blood pressure are complex.
Many cross-sectional studies have reported lower
weight and blood pressure in smokers, and smoking
cessation has been associated with increased weight
and blood pressure.?”** These effects could also con-
tribute to differences between studies on the association
between smoking and ICH.

Diabetes was associated with a doubled risk of non-
lobar ICH, even after multivariable adjustment, but
not with all ICH. The association with diabetes was
significantly different for lobar and non-lobar ICH.

Some previous studies, including two meta-analyses,
have reported non-significant associations between dia-
betes and risk of ICH.>! Two other meta-analyses
have concluded that there may be an association
between diabetes and ICH, but suggest that further
information from large, population-based studies is
required before the association can be confirmed.?**
Another study found that high fasting glucose
(>6.1 mmol/L or diagnosis of diabetes) was associated
with incident non-lobar ICH, in accordance with our
results.>* A recent Mendelian randomisation study sug-
gested a relationship between diabetes and non-lobar
ICH.?> Diabetes is associated with some imaging
markers of cerebral small vessel disease (CSVD),*
and is also a risk factor for arteriolosclerosis.*® An
association between diabetes and non-lobar ICH
could hypothetically be explained by increased CSVD
in the form of arteriolosclerosis, which is more preva-
lent in non-lobar than lobar ICH.**

As expected, use of oral anticoagulants was a strong
risk factor for ICH in this study. In the subgroup anal-
yses, only the association with lobar ICH was signifi-
cant. However, use of oral anticoagulants at baseline
was uncommon in this relatively young cohort. Only
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six cases of lobar ICH and two cases of non-lobar ICH
used oral anticoagulants at baseline.

Being unmarried or divorced has been linked to car-
diovascular diseases and mortality in many prospective
studies, and many possible mechanisms have been pro-
posed.?” Individuals who live alone might be less prone
to seek medical help and less compliant to treatment.
Unmarried individuals have worse health behaviour,
with higher consumption of tobacco and alcohol.*® It
has also been proposed that the social support offered
by marriage could be protective per se. Living alone
was significantly associated with ICH in this study,
even after adjustment for e.g. smoking and alcohol
consumption. The results suggest that living alone
could increase the risk of ICH independently of other
risk factors. It is also possible that living alone reflects a
broad range of adverse health behaviours, which was
not fully adjusted for in the analysis. Previous studies
have linked psychosocial factors (stress, life events,
depression) to increased risk of ICH.**° The reason
behind the relationship between cohabiting status, psy-
chosocial factors and risk of ICH warrants further
investigation.

Strengths and limitations

The cohort size and prospective design are important
strengths of this study. The vast majority of cases were
validated in medical records, including images, and
subtyped based on ICH location. We used registers
with national coverage, minimising the risk of loss to
follow-up.

Similar to most cohort studies, participants in the
MDCS tended to be healthier than non-participants.
However, it is well known that this potential healthy
selection bias is less important in prospective studies.*
As the MDCS cohort is predominantly Caucasian, it is
uncertain if results can be generalised to other ethnic
groups. Although many potential risk factors were
adjusted for, residual confounding is still possible.
Also, information about risk factors was only collected
at one point in time, and some risk factors could have
changed during the follow-up period. Many smokers
quit smoking, and we can assume that many
individuals with high blood pressure have received
anti-hypertensive treatment during the follow-up. If
anything, this should have biased the results towards
null. Some of the ICH cases in this study may have
been secondary due to causes that were not identified
in the available workup. Furthermore, although this is
a large prospective study with detailed information
about the ICH cases, the possibility to draw certain
conclusions about the differences in risk factors
between lobar and non-lobar ICH is limited by the
number of cases in these subgroups.

Lastly, while the classification of ICH as lobar or
non-lobar is widely supported and used in many stud-
ies, it is also likely to be an oversimplification of the
aetiology, adding further complexity to studies of ICH
with different locations. The view that lobar ICH is
caused primarily by CAA, and that non-lobar ICH is
caused primarily by other CSVD related to hyperten-
sion, has been challenged.*'*** Non-lobar ICH tends to
be caused by arteriolosclerosis, while lobar ICH is
caused by both arteriolosclerosis and CAA.*

Conclusion

In this prospective population-based study, high blood
pressure, smoking, low apoB, use of oral anticoagu-
lants and living alone were independently associated
with incidence of spontaneous ICH. Diabetes, diastolic
blood pressure and living alone were associated with an
increased risk of non-lobar ICH only, while smoking
was associated with lobar ICH. The associations with
diabetes and diastolic blood pressure were significantly
different between lobar and non-lobar ICH. Further
research is required to elucidate how risk factors
differ according to ICH location.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: This work was supported by the Swedish Heart and
Lung Foundation (2016-0315), the Swedish Stroke
Association (MS), the Foundation of Fars & Frosta (one of
Sparbanken Skane’s ownership Foundations) (GE, MYS),
funds from Skane University Hospital (GE, MS), and the
Swedish government (under the “Avtal om Lakarutbildning
och Medicinsk forskning, ALF”) (ALF-2018-0030).

Ethical approval

Ethical approval for this study was obtained from the Lund
University ethics committee (LU 51/90, 166/2007, 633/2009,
566/2013).

Informed consent

Written informed consent was obtained from all subjects
before the study.

Guarantor
MS



284

European Stroke Journal 5(3)

Contributorship

ES analysed and interpreted the data and drafted the manu-
script. MS and GE conceived the study, analysed and inter-
preted the data and reviewed the manuscript for intellectual
content. KAK acquired data (image reviews) and reviewed
the manuscript for intellectual content. All authors approved
the final version of the manuscript.

Acknowledgements

None

ORCID iD
Edith H Svensson (® https://orcid.org/0000-0001-7720-3701

Supplemental Material

Supplemental material for this article is available online.

References

1.

10.

Ikram MA, Wieberdink RG and Koudstaal PIJ.
International epidemiology of intracerebral hemorrhage.
Curr Atheroscler Rep 2012; 14: 300-306.

. Zia E, Hedblad B, Pessah-Rasmussen H, et al. Blood

pressure in relation to the incidence of cerebral infarction
and intracerebral hemorrhage: hypertensive hemorrhage:
debated nomenclature is still relevant. Stroke 2007; 38:
2681-2685.

. O’Donnell MJ, Chin SL, Rangarajan S, et al. Global and

regional effects of potentially modifiable risk factors
associated with acute stroke in 32 countries
(INTERSTROKE): a case-control study. Lancet 2016;
388: 761-775.

. Shah RS and Cole JW. Smoking and stroke: the more

you smoke the more you stroke. Expert Rev Cardiovasc
Ther 2010; 8: 917-932.

. Peters SAE, Huxley RR and Woodward M. Diabetes as a

risk factor for stroke in women compared with men: a
systematic review and meta-analysis of 64 cohorts,

including 775,385 individuals and 12,539 strokes.
Lancet 2014; 383: 1973-1980.
. Saliba W, Barnett-Griness O, Gronich N, et al.

Association of diabetes and glycated hemoglobin with
the risk of intracerebral hemorrhage: a population-
based cohort study. Dia Care 2019; 42: 682—688.

. Sturgeon JD, Folsom AR, Longstreth WT, et al. Risk

factors for intracerebral hemorrhage in a pooled prospec-
tive study. Stroke 2007; 38: 2718-2725.

. Millwood 1Y, Walters RG, Mei XW, et al. Conventional

and genetic evidence on alcohol and vascular disease aeti-
ology: a prospective study of 500000 men and women in
China. Lancet 2019; 393: 1831-1842.

. Zia E, Pessah-Rasmussen H, Khan FA, et al. Risk factors

for primary intracerebral hemorrhage. Cerebrovasc Dis
2006; 21: 18-25.

Jeong HG, Kim DY, Kang DW, et al. Physical activity
frequency and the risk of stroke: a nationwide cohort
study in Korea. J Am Heart Assoc. 2017; 6: ¢005671.

11.

12.

13.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Sun L, Clarke R, Bennett D, et al. Causal associations of
blood lipids with risk of ischemic stroke and intracerebral
hemorrhage in Chinese adults. Nat Med 2019; 25: 569-574.
Judge C, Ruttledge S, Costello M, et al. Lipid lowering
therapy, low-density lipoprotein level and risk of intrace-
rebral hemorrhage — a meta-analysis. J Stroke
Cerebrovasc Dis 2019; 28: 1703-1709.

Martini SR, Flaherty ML, Brown WM, et al. Risk factors
for intracerebral hemorrhage differ according to hemor-
rhage location. Neurology 2012; 79: 2275-2282.

. Inagawa T. Risk factors for primary intracerebral hem-

orrhage in patients in Izumo City, Japan. Neurosurg Rev
2007; 30: 225-234.

Kremer PHC, Jolink WMT, Kappelle LJ, et al. Risk
factors for lobar and non-lobar intracerebral hemorrhage
in patients with vascular disease. PLoS One 2015; 10:
e0142338.

. Saito I, Yamagishi K, Kokubo Y, et al. Non-high-density

lipoprotein cholesterol and risk of stroke subtypes and
coronary heart disease: The Japan Public Health
Center-Based Prospective (JPHC) Study. J Atheroscler
Thromb 2020; 27:363-374.

Svensson EH, Soderholm M, Abul-Kasim K, et al.
Tumor necrosis factor receptor 1 and 2 are associated
with risk of intracerebral hemorrhage. Stroke 2017; 48:
2710-2715.

Enhorning S, Sjogren M, Hedblad B, et al. Genetic vaso-
pressin 1b receptor variance in overweight and diabetes
mellitus. Eur J Endocrinol 2016; 174: 69-75.

Wirfalt E, Mattisson I, Johansson U, et al. A methodo-
logical report from the Malmo Diet and Cancer study:
development and evaluation of altered routines in dietary
data processing. Nutr J 2002; 1: 3.

Bao X, Borné Y, Johnson L, et al. Comparing the inflam-
matory profiles for incidence of diabetes mellitus and car-
diovascular diseases: A prospective study exploring the
“common soil” hypothesis. Cardiovasc Diabetol 2018;
17: 87.

Glynn RJ and Rosner B. Comparison of risk factors for
the competing risks of coronary heart disease, stroke, and
venous thromboembolism. Am J Epidemiol 2005; 162:
975-982.

Pezzini A, Grassi M, lacoviello L, et al. Serum
cholesterol levels, HMG-CoA reductase inhibitors
and the risk of intracerebral haemorrhage. The

Multicenter Study on Cerebral Haemorrhage in Italy
(MUCH-Italy). J Neurol Neurosurg Psychiatry 2016; 87:
924-929.

Engstrom G, Lind P, Hedblad B, et al. Effects of choles-
terol and inflammation-sensitive plasma proteins on inci-
dence of myocardial infarction and stroke in men.
Circulation 2002; 105: 2632-2637.

Konishi M, Iso H, Komachi Y, et al. Associations of
serum total cholesterol, different types of stroke, and ste-
nosis distribution of cerebral arteries. The Akita
Pathology Study. Stroke 1993; 24: 954-964.

Xu L, Schooling CM, Chan WM, et al. Smoking and
hemorrhagic stroke mortality in a prospective cohort
study of older Chinese. Stroke 2013; 44: 2144-2149.


https://orcid.org/0000-0001-7720-3701
https://orcid.org/0000-0001-7720-3701

Svensson et al.

285

26.

27.

28.

29.

30.

31

32.

33.

34.

Kurth T, Kase CS, Berger K, et al. Smoking and risk of
hemorrhagic stroke in women. Stroke 2003; 34:
2792-2795.

Hata J, Doi Y, Ninomiya T, et al. Combined effects of
smoking and hypercholesterolemia on the risk of stroke
and coronary heart disease in Japanese: The Hisayama
study. Cerebrovasc Dis 2011; 31: 477-484.

Ding J, Sigurdsson S, Garcia M, et al. Risk factors asso-
ciated with incident cerebral microbleeds according to
location in older people. JAM A Neurol 2015; 72: 682.
Janzon E, Hedblad B, Berglund G, et al. Changes in
blood pressure and body weight following smoking ces-
sation in women. J Intern Med 2004; 255: 266-272.

Lee DH, Ha MH, Kim JR, et al. Effects of smoking
cessation on changes in blood pressure and incidence of
hypertension: a 4-year follow-up study. Hypertension
2001; 37: 194-198.

Ariesen MJ, Claus SP, Rinkel GJE, et al. Risk factors for
intracerebral hemorrhage in the general population: a
systematic review. Stroke 2003; 34: 2060-2065.
Boulanger M, Poon MTC, Wild SH, et al. Association
between diabetes mellitus and the occurrence and out-
come of intracerebral hemorrhage. Neurology 2016; 87:
870-878.

Emerging Risk Factors Collaboration Sarwar N, Gao P,
Seshasai SRK, et al. Diabetes mellitus, fasting blood glu-
cose concentration, and risk of vascular disease: a collab-
orative meta-analysis of 102 prospective studies. Lancet
2010; 375: 2215-2222.

Jin C, Li G, Rexrode KM, et al. Prospective study of
fasting blood glucose and intracerebral hemorrhagic
risk. Stroke 2018; 49: 27-33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Liu J, Rutten-Jacobs L, Liu M, et al. Causal impact of
type 2 diabetes mellitus on cerebral small vessel disease: a
Mendelian randomization analysis. Stroke 2018; 49:
1325-1331.

Lammie GA. Hypertensive cerebral small vessel disease
and stroke. Brain Pathol 2002; 12: 358-370.

Wong CW, Kwok CS, Narain A, et al. Marital status and
risk of cardiovascular diseases: a systematic review and
meta-analysis. Heart 2018; 104: 1937-1948.

Engstro M G, Hedblad B, Rosvall M, et al. Occupation,
marital status, and low-grade inflammation. Arterioscler
Thromb Vasc Biol 2006; 26: 643-648.

Henderson KM, Clark CJ, Lewis TT, et al. Psychosocial
distress and stroke risk in older adults. Stroke 2013; 44:
367-372.

Batty GD, Gale CR, Kiviméki M, et al. Comparison of
risk factor associations in UK Biobank against represen-
tative, general population based studies with convention-
al response rates: prospective cohort study and individual
participant meta-analysis. BMJ 2020; 368: m131.
Schreiber S, Wilisch-Neumann A, Schreiber F, et al.
Invited review: the spectrum of age-related small vessel
diseases: potential overlap and interactions of amyloid
and nonamyloid vasculopathies. Neuropathol Appl
Neurobiol 2020; 46: 219-239.

Pasi M, Charidimou A, Boulouis G, et al. Mixed-location
cerebral hemorrhage/microbleeds. Neurology 2018; 90:
el19-el26.

Rodrigues MA, Samarasekera N, Lerpiniere C, et al. The
Edinburgh CT and genetic diagnostic criteria for lobar
intracerebral haemorrhage associated with cerebral amy-
loid angiopathy: model development and diagnostic test
accuracy study. Lancet Neurol 2018; 17: 232-240.



	table-fn1-2396987320932069
	table-fn2-2396987320932069
	table-fn3-2396987320932069
	table-fn4-2396987320932069
	table-fn5-2396987320932069
	table-fn6-2396987320932069
	table-fn7-2396987320932069

