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White matter changes, duration of hypertension, and age are 
associated with cerebral microbleeds in patients with different 
stages of hypertension
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Background: We aimed to investigate risk factors for the presence and number of cerebral microbleeds 
(CMBs) in patients with different stages of hypertension stages, with an emphasis on the relationship 
between white matter changes (WMCs) and CMBs.
Methods: Since 2016, participants aged 40 years or more have been evaluated for the presence of CMBs 
using enhanced 3D multiecho GE T2*-weighted angiography (ESWAN) sequences. The Mann-Whitney 
U test and Pearson χ2 test were used to compare the clinical characteristics between the CMB and no-CMB 
patient groups. Furthermore, we used Spearman’s rank correlation analysis to examine the associations 
between the degree of CMB severity and other important factors.
Results: CMBs were detected in 110 (36.7%) of 300 participants. Among patients with stage 2 
hypertension, the majority also had CMBs (61.8%, 68/110). CMBs were positively correlated with age, 
hypertension stage, duration of hypertension, WMCs, and silent cerebral infarction. Patients with grade 
3 WMCs were significantly more likely to have CMBs than those without WMCs; this association was 
true for both patients with stage 1 and those with stage 2 hypertension. In patients with stage 1 or stage 
2 hypertension lasting longer than 20 years, the majority had CMBs (69.0%, 29/42; 69.1%, 47/68). The 
results of binary logistic regression indicated that a more severe hypertension stage, longer duration of 
hypertension, aging, having silent cerebral infarction and higher values of WMC increase the likelihood of 
the occurrence of CMBs.
Conclusions: CMBs detected in hypertensive patients were more likely to occur in deep structures, and 
the grade of WMCs and duration of hypertension were more closely associated with the CMB degree than 
with age.
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Introduction

Cerebral microbleeds (CMBs) are defined as focal signal 
intensity losses that are iron-containing hemosiderin 
residues of hemoglobin breakdown (1), which can be 
visualized using T2*-weighted gradient-recalled-echo 
(GRE) magnetic resonance imaging (MRI) and are 
associated with the presence and risk of stroke, regardless 
of CMB anatomical distribution or burden (2,3). CMBs 
are affected by cerebral amyloid angiopathy (CAA) or 
hypertensive arteriopathy, which may contribute to the 
development of mixed CMBs (4).

White matter changes (WMCs) are defined as areas with 
high signal intensity that are visible using T2-weighted or 
fluid-attenuated inversion recovery (FLAIR) MRI and as 
areas of low attenuation on CT images. The mechanisms 
by which WMCs develop are not fully understood and may 
include degeneration of myelin and axons with increased 
intracellular and extracellular water content, gliosis and 
infarction.

Age, diagnosis with intracerebral hemorrhage (ICH) 
or ischemic stroke, dementia, hypertension, and use of 
antithrombotic therapy have been associated with a higher 
risk of CMB detection using traditional 2D T2*-weighted 
GRE imaging patients (5,6). Both CMBs and WMCs are 
the main imaging markers of cerebral small vessel disease (7).  
They are closely related and have the same pathological 
characteristics and often occur in patients with hypertension 
(8-10). Although CMBs and WMCs may occur with 
increased frequency in hypertension (11,12), knowledge 
of their relationship with the duration of hypertension 
in patients in different stages of hypertension is limited. 
Some studies have reported WMCs in subjects displaying 
CMBs in patients with hypertension (13), but no study 
has primarily focused on the WMC-CMB relationship in 
patients with different stages of hypertension.

We performed an enhanced 3D multiecho GE T2*-
weighted angiography (ESWAN) sequence to detect CMBs 
and investigated the risk factors associated with the presence 
and number of CMBs among patients with different stages 
of hypertension, emphasizing the relationship between 
WMCs and CMBs.

Methods

Participants

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study was 

approved by the Institutional Review Board of Shandong 
Medical Imaging Research Institute Affiliated with 
Shandong University, and all methods were carried out in 
accordance with relevant guidelines and regulations. All 
participants were informed of the detailed experimental 
procedures and signed informed consent forms. Between 
July 2016 and May 2018, all consecutive patients who were 
evaluated for hypertension were screened for participation in 
the present study. The inclusion criteria for this study were 
hypertensive patients over 40 years old. Patients must have 
undergone MRI examinations based on clinical symptoms 
suggestive of central nervous system damage (such as 
headache, migraine, tinnitus, insomnia, limb numbness, 
or transient ischemic attack symptoms), cognitive function 
disorders, lacunar infarction, health-screening brain tests 
performed at our institute. Patients meeting these criteria 
were considered potential subjects in this study. Patients 
were diagnosed according to the hypertension diagnosis 
standard (The Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure, The JNC 7 Report, 
Table 1) (14). We divided the hypertensive patients into 
two groups according to their hypertension stage (1 or 2) 
and divided them into a group with hypertension ≤20 years 
and a group with hypertension >20 years. Patients were 
excluded from the study if conventional MRI revealed acute 
ICH, dementia, consciousness disorders, cerebral vasculitis, 
cerebral tumor, cerebral trauma, cavernous hemangioma, or 
arteriovenous malformation.

In total, 327 participants were eligible for our study; of 
those, 320 participants agreed to participate and provided 
written informed consent. In 11 participants, imaging 
could not be completed due to physical problems; in 9 
cases, motion artifacts prevented proper image assessment. 
In total, 300 hypertensive participants (160 males and 
140 females) were included in the analysis. The average 
patient age was 61.70±10.31 years (range: 40–85 years). The 
average amount of time that passed since the patients had 
been diagnosed with hypertension was 17.00±8.10 years 
(range: 1–43 years).

MR protocols

Imaging was performed using a 3.0-T MRI scanner (General 
Electric Medical Systems, USA) with an eight-channel 
head coil. Two technologists performed all the MR imaging 
examinations according to a standardized conventional 
protocol. The parameters for the MR sequences with spin 
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echo FLAIR T1-weighted images were as follows: repetition 
time (TR), 1977 ms; echo time (TE), 27.7 ms; and inversion 
time (TI), 860 ms. The following parameters were used 
for fast spin echo T2-weighted images: TR, 3,280 ms  
and TE, 106.9 ms and for T2 FLAIR: TR, 9,002 ms;  
TE, 155.7 ms; and TI, 2,250 ms. The parameters for 
ESWAN were as follows: TR, 43.8 ms; TE, 5.6 ms; flip 
angle, 20°; bandwidth, 62.5 Hz; slice thickness, 2 mm; slice 
gap, 0 mm; matrix, 480×388; field of view, 240×240 mm2; 
and time of examination: approximately 6 minutes.

The images were processed using ESWAN software 
in Functool according to the manufacturer’s instructions. 
All images were transferred to an ADW4.5 workstation 
for ESWAN postprocessing. As part of the reconstruction 
processes, varying phase shifts arising predominantly from 
background field heterogeneity and air-tissue interfaces 
were removed.

Evaluation of blood pressure

Conventional office blood pressure (COBP) was measured 
by a nurse with a conventional, calibrated, mercury 
sphygmomanometer from the sitting individual’s right arm 
after a 10-minute rest. The last 5 minutes of rest were spent 
in the measuring room with the cuff around the right upper 
arm. BP was measured using a pressure cuff of appropriate 
size and methods. Systolic BP and diastolic BP were 
defined according to Korotkoff sounds I and V. Means of 2 
measurements performed at a 2-minute interval were used 
to determine office BP (15-17).

Rating of CMBs and WMCs

In this study, CMBs were defined as homogeneous round 
foci, ≤10 mm in diameter (no minimum size was specified), 
of low signal intensity on GRE T2*-weighted (or ESWAN) 

MRI and excluding symmetrical low-signal intensity in 
the globus pallidus or empty flow in the distal-side branch 
cross at the cerebral artery branch (18,19). Vascular flow 
voids and basal ganglia mineralization were also excluded. 
The following seven regions were observed: the cortex, 
subcortical white matter, external capsule (EC)/internal 
capsule (IC), thalamus, basal ganglia gray matter, brainstem, 
and cerebellum. The cortex included subcortical regions 
touching the gray-white matter junction; the subcortical 
regions included the periventricular white matter and deep 
portions of the centrum semiovale; and basal ganglia gray 
matter included the caudate and lentiform nuclei. CMBs 
were classified by degree and assigned scores based on the 
total number of lesions as follows: 0= absent, 1= mild (1 to 
2), 2= moderate (3 through 10), and 3= severe (>10) (20).

According to the Standards for Reporting Vascular 
Changes on Neuroimaging (STRIVE) criteria (21), WMCs 
were signal abnormalities of variable size, defined as white 
matter hyperintense lesions on FLAIR images. Lacunes 
were round or ovoid, subcortical small lesions (3–15 mm 
in diameter) that were hypointense on T1W images and 
hyperintense on T2W images and had a perilesional halo 
on FLAIR images. The severity of lacunes and WMCs was 
assessed using a simple scoring method. The following 
rating scores were used to classify WMCs (0–3): Grade 
0 = no lesions (including symmetrical, well-defined caps 
or bands); Grade 1 = focal lesions; Grade 2 = beginning 
confluence of lesions; and Grade 3 = diffuse involvement 
of the entire region, with or without the involvement of U 
fibers (19,22).

The acquisition date and participant identification were 
removed from all images. ESWAN images were randomly 
allocated to one of four reviewers who were blinded to the 
other sequence and to all clinical information. Reviewers 
independently rated the presence, location, and number 
of all CMBs. All studies with a potential microbleed 

Table 1 Blood pressure classification for adults (JNC 7 Express)

Blood pressure classification SBP (mmHg) DBP (mmHg)

Normal <120 And <80

Prehypertension 120–139 Or 80–89

Stage 1 hypertension 140–159 Or 90–99

Stage 2 hypertension >160 Or >100

SBP, systolic blood pressure; DBP, diastolic blood pressure; JNC 7 Express, the Seventh Report of the Joint National Committee on  
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure, U.S. National Institutes of Health-National Heart, Lung, and 
Blood Institute.
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were reviewed for confirmation by an experienced 
neuroradiologist.

Statistical analysis

All statistical analyses were performed using SPSS 17.0 
software. To compare the clinical characteristics between 
the CMB and no-CMB groups, the Mann-Whitney U test 
and Pearson’s χ2 test were used. To compare the differences 
in the WMC grade, duration of hypertension, and age 
between the CMB and no-CMB groups at different stages 
of hypertension, Pearson’s χ2 test was used as appropriate. 
To detect the difference in the distribution of CMBs 
between hypertension stage 1 and 2 patients, we applied 
Pearson’s χ2 statistic or Fisher’s exact test for categorical 
variables. Furthermore, using Spearman’s rank correlation 
analyses, we examined the association between the degree of 
CMBs and WMC grade, duration of hypertension, and age 
of patients at different stages of hypertension. A probability 
(P) value <0.05 was considered significant. Conditional 
forward method binary logistic regression analysis was 
used to establish a mathematical model of the relationship 
between the variables and CMBs. The significance level was 
set at α=0.05.

Results

The details of the demographic and MRI findings of the 
participants are listed in Table 2. CMBs were detected in 
110 (36.7%) of the 300 participants and in 75 (68.2%) 
of participants over 60 years old. CMBs were similarly 
prevalent among men and women, with 59 (53.6%) of 
160 cases in men and 51 (46.4%) of 140 cases in women 
(P=0.09).

In patients with hypertension stage 1, the rate of cases 
with CMBs was significantly lower than the percentage 
of cases without CMBs (P=0.002); in contrast, the rate of 
CMBs was significantly higher than that of cases without 
CMBs in patients with stage 2 hypertension (P=0.004). 
There were significant differences in the average duration 
of hypertension between the participants with CMBs  
(25 years) and those without CMBs (16 years). In the 
patients diagnosed with silent cerebral infarction (n=70), the 
percentage of patients with CMBs were significantly higher 
than that of patients without CMBs (P=0.001).

Furthermore, we compared the differences between 
the severity of WMCs, duration of hypertension, age, 
and presence of CMBs in patients with different stages of 

hypertension (Table 3). In patients with grade 3 WMCs, 
the percentage of patients with CMBs was significantly 
higher than that in patients without CMBs (P<0.05) in 
patients with both stage 1 and stage 2 hypertension. In the 
>20 years group, the percentage of patients with CMBs was 
significantly higher than that of patients without CMBs 
for both stage 1 and stage 2 hypertensive patients (P<0.05). 
When comparing middle-aged and elderly patients, there 
were no significant differences in the percentage of patients 
with CMBs and those without CMBs (P>0.05).

We examined the association between the degree (0–3) 
of CMBs and the grade of WMCs (0–3), duration of 
hypertension (1–10, 11–20, 21–30, 31–40, >40 years), and 
age (40–50, 51–60, 61–70, 71–80, >80 years) among patients 
with different stages of hypertension using Spearman’s 
rank correlation analyses (Table 4). In patients with stage 2 
hypertension, we found that the correlation between the 
duration of hypertension and both the degree of CMBs and 
grade of WMCs was highly positive (r=0.712, P=0.003 and 
r=0.664, P=0.034, respectively) (Figures 1,2). In patients 
with stage 1 hypertension, we found no correlation between 
these characteristics. In all participants, the correlation 
between the degree of CMBs and age was moderately 
positive in those with stage 1 or 2 hypertension.

According to the difference and correlation analysis 
results (Tables 3,4) and combined with the appropriate 
application conditions for binary logistic regression, 
age, hypertension stage, total cholesterol, creatinine, 
uric acid, WMC, silent cerebral infarction and duration 
of hypertension were introduced to the binary logistic 
regression analysis (Table 5). Finally, the results indicated 
that a more severe hypertension stage, longer duration of 
hypertension, aging, silent cerebral infarction and higher 
values of WMC increased the likelihood of the occurrence 
of CMBs.

In the participants with CMBs and hypertension stage 1 
or 2, CMBs were most commonly found in the basal ganglia 
gray matter and subcortical white matter. Additionally, 
the number of CMBs in the basal ganglia gray matter and 
brainstem was higher in patients with stage 2 hypertension 
than in those with stage 1 (P<0.05) (Table 6).

Discussion

CMBs represent focal accumulations of hemosiderin-
containing macrophages with paramagnetic properties 
causing signal loss because of susceptibility effects (23).  
Histopathologic studies have shown that CMBs are 
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Table 2 Clinical characteristics of the study participants according to CMBs status

Characteristics All (n=300)
CMBs

CMBs (n=110) No CMBs (n=190) P

Age, years (IQR) 61.70 (40.0–85.0) 70.3 (46.0–85.0) 65.4 (40.0–80.0) 0.001

Sex, n (%) 0.936

Male 160 (53.3) 59 (53.6) 101 (53.2)

Female 140 (46.7) 51 (46.4) 89 (46.8)

Education, years, median (IQR) 9.3 (0–19.0) 9.1 (0–17.0) 10.4 (3.0–19.0) 0.565

Body mass index, kg/m2, median (IQR) 22.3 (19.1–25.6) 21.6 (19.1–25.2) 24.6 (19.4–25.6) 0.124

Hypertension stage, n (%) 0.001

Stage 1 154 (51.3) 42 (38.2) 112 (58.9)

Stage 2 146 (48.7) 68 (61.8) 78 (41.1)

Duration of hypertension, year, median (IQR) 17.00 (1.0–40.0) 25 (6.0–40.0) 16 (1.0–39.0) 0.05

Diabetes mellitus, n (%) 34 15 (13.6) 19 (10) 0.338

Hyperlipidemia, n (%) 122 51 (46.4) 71 (37.3) 0.126

Coronary heart disease, n (%) 147 62 (56.4%) 85 (44.7) 0.052

Smoking, n (%) 90 34 (30.9%) 56 (29.5%) 0.794

Alcohol, units/week, median (IQR) 0.16 (0–13.0) 0.15 (0–13) 0.14 (0–12.5) 0.789

Albumin, g/L, median [IQR] 42.5 [39–45] 42.6 [39–44.3] 43.1 [39–45] 0.685

Fasting blood glucose, mmol/L, median (IQR) 5.5 (4.4–6.8) 5.9 (4.7–6.8) 5.3 (4.4–6.8) 0.819

Total cholesterol, mmol/L, median (IQR) 5.11 (4.01–6.2) 5.6 (4.53–6.2) 5.06 (4.01–5.9) 0.005

High–density lipoprotein cholesterol, mmol/L, median (IQR) 1.45 (1.01–1.91) 1.40 (1.01–1.87) 1.53 (1.09–1.91) 0.157

Triglyceride, mmol/L, median (IQR) 1.33 (0.67–2.03) 1.27 (0.67–1.99) 1.35 (0.73–2.03) 0.100

Creatinine, mmol/L, median (IQR) 58.7 (43.6–78.2) 68.8 (54.6–78.2) 51.5 (43.6–70.5) 0.030

Uric acid, mmol/L, median [IQR] 290 [216–450] 357 [218–444] 310 [216–450] 0.05

WMCs (grade 1–3), n (%) 275 108 (98.2) 165 (86.8) 0.001

Silent cerebral infarction, n (%) 70 46 (65.7) 24 (12.6) 0.000

CMBs, cerebral microbleeds; WMCs, white matter changes.

affected by moderate to severe fibrohyalinosis and 
arteriolosclerosis (24). Although the predictive value of 
CMBs for stroke prognosis has not been widely accepted, 
several clinical studies have suggested that CMBs might 
be associated with an increased risk of recurrent stroke 
(2,25,26). One approach to interpreting CMBs is to 
regard them as a marker of accompanying vascular 
pathological changes. Histopathological analyses of the 
vessels associated with CMBs have generally identified 
two types of vascular pathological changes, hypertensive 
vasculopathy and CAA, which are distinguishable 

according to the location of the CMBs. In the past year, 
a new scan study suggested that CMBs visible using T2*-
weighted MRI were a possible marker of both CAA 
and hypertensive vasculopathy progression (27). CMBs 
are often accompanied by elevated markers of vascular 
inflammation dysfunction and systemic inflammation, 
particularly in stroke patients (9).

Hypertension is a major risk factor associated with blood-
brain barrier leakage of plasma components and may be a 
cause of WMCs and lacunar stroke (28). Recent studies have 
suggested that CMBs are frequently found in hypertensive 
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Table 3 Difference in the severity of WMC, duration, age and the presence of CMBs among patients with different stages of hypertension

Hypertension stage
WMCs grade Duration of hypertension (years) Age (years)

0–2 3 1–20 >20 40–60 >60

Stage 1 (n=154)

CMBs (n=42) 17 (40.5%) 25 (59.5%) 13 (31.0%) 29 (69.0%) 20 (47.6%) 22 (52.4%)

No-CMBs (n=112) 64 (57.1%) 48 (42.9%) 76 (67.9%) 36 (32.1%) 54 (48.2) 58 (51.8%)

Statistical values χ2=3.403, P=0.065 χ2=17.005, P=0.000 χ2=0.004, P=0.948

Stage 2 (n=146)

CMBs (n=68) 22 (32.4%) 46 (67.6%) 21 (30.9%) 47 (69.1%) 19 (27.9%) 49 (72.1%)

No-CMBs (n=78) 40 (51.3%) 38 (48.7%) 45 (57.7%) 33 (42.3%) 30 (38.5%) 48 (61.5%)

Statistical values χ2=5.328, P=0.021 χ2=10.542, P=0.001 χ2=1.803, P=0.179

CMBs, cerebral microbleeds; WMCs, white matter changes.

Table 4 Correlation of the degree of CMBs and grade of WMCs, duration of hypertension, and age among patients with different stages of  
hypertension

Hypertension stage WMCs grade (0–3) Duration of hypertension (1–40 years) Age (40–85 years)

Stage 1 (n=42)

r 0.396 0.297 0.423

P 0.09 0.154 0.050

Stage 2 (n=68)

r 0.712 0.664 0.435

P 0.003 0.034 0.05

CMBs, cerebral microbleeds; WMCs, white matter changes.

Figure 1 A 65-year-old male with stage 2 hypertension. Axial T2WI and T2 FLAIR MR image showing white matter lesions in the entire 
region around the lateral ventricle (A,B). The patient was scored as WMCs grade 3. An axial ESWAN MR image showing multiple CMBs 
in both cerebral hemispheres. The CMB degree was “severe” (C). CMBs, cerebral microbleeds; WMCs, white matter changes. ESWAN, 
enhanced 3D multiecho GE T2*-weighted angiography.

A B C
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Table 5 Binary logistic regression results of the risk factors related to the occurrence of CMBs

Variables B SE χ2 OR 95% CI P

WMCs 1.179 0.184 9.133 3.250 2.351–4.665 <0.001

Age 0.952 0.315 7.954 2.592 1.398–4.808 <0.001

Hypertension duration 0.969 0.336 4.431 2.634 1.069–6.942 0.002

Silent cerebral infarction 0.854 0.408 4.382 2.349 1.056–5.225 0.030

Hypertension stage 0.717 0.336 4.537 2.048 1.059–3.960 0.036

Hypertension stage (stage 1 =0, stage 2 =1), WMCs (grade 0–2 =0, grade 3 =1), silent cerebral infarction (yes =1, no =0) and duration of 
hypertension (1–20 years =0, >20 years =1). CMBs, cerebral microbleeds; WMCs, white matter changes; B, coefficient value; SE, standard 
error; CI, confidence interval; OR, odds ratio.

Table 6 Difference in CMBs distribution according to brain location in patients with different stages of hypertension

Hypertension stage

Location

Cortex
Subcortical  
white matter

External capsule/ 
internal capsule

Basal ganglia 
gray matter

Thalamus Brainstem Cerebellum

Stage 1 (n=154) 28 (18.2%) 77 (50.0%) 49 (31.8%) 76 (49.3%) 31 (20.1%) 10 (6.5%) 11 (7.1%)

Stage 2 (n=146) 30 (20.5%) 76 (52.1%) 51 (34.9%) 90 (61.6%) 33 (22.6%) 17 (11.6%) 10 (6.8%)

P >0.05 >0.05 >0.05 <0.05 >0.05 <0.05 >0.05

Percentages do not total 100% because some patients had CMBs in more than one location. CMBs, cerebral microbleeds.

Figure 2 A 58-year-old female with stage 2 hypertension. Axial T2WI and T2 FLAIR MR image showing the beginning confluence of 
lesions around the lateral ventricle. The patient was scored as WMCs grade 2 (A,B). An axial ESWAN MR image showing a single CMB in 
the right basal ganglia. The CMBs degree was “mild” (C). CMBs, cerebral microbleeds; WMCs, white matter changes. ESWAN, enhanced 
3D multiecho GE T2*-weighted angiography.

A B C
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patients without a history of cerebrovascular disease and 
are independently associated with higher daytime and 
nighttime BP levels (29). The present study demonstrated 
that in this population, the prevalence of CMBs was 36.7%. 
The prevalence of CMBs in our hypertensive cohort was 
approximately six times higher than that reported in the 
general population and was approximately two times higher 
than that in patients without a history of cerebrovascular 
disease (30); these results are consistent with the incidence 
of CMBs in Chinese hypertensive patients. Importantly, 
the CMB count was not influenced by a history of 
cerebral tumor, cerebral trauma, encephalic angioma, or 
arteriovenous malformation because patients with these 
diseases were excluded from our study.

The prevalence of CMBs has been investigated in various 
populations. In elderly subjects lacking cerebrovascular 
diseases, the CMB prevalence is between 5% and 6% (31); 
Tsushima et al. reported that the CMB incidence was 3.1% 
in 450 neurologically healthy Japanese adults. In addition, 
one study reported that CMB prevalence was closely related 
to hypertension and heavy cigarette smoking (32). The 
frequency of CMBs in patients with stroke and healthy 
older subjects reported in our study is consistent with 
previously reported results (33). The very high frequencies 
of stroke reported in some previous studies (e.g., 78%) 
may reflect patient selection bias, with experiments only 
including subjects with hemorrhagic stroke. The prevalence 
of CMBs in our study population seems to be higher than 
these previous studies, which is attributable to hypertension 
in our subjects and/or higher accuracy in detecting CMBs 
through the use of a high-field system (3T MRI) (34,35).

In  our  par t i c ipant s ,  we  found  an  a s soc i a t ion 
between CMBs and age, hypertension stage, duration 
of hypertension, silent cerebral infarction, WMCs, 
coronary heart disease, total cholesterol, creatinine, and 
uric acid. The strengths of the present study include 
analyses of potential confounders such as age, duration of 
hypertension, and WMCs. Earlier studies have highlighted 
the relationship between CMBs and some conventional 
factors (e.g., sex, age, BP, smoking, white matter lesions, and 
lacunar infarction visible using MRI) (33,36); however, these 
studies only evaluated factors for ischemic or hemorrhagic 
diseases. To address this issue, we divided our participants 
into 2 groups based on hypertension stage, allowing us to 
evaluate whether there was a significant correlation between 
the incidence of CMBs and conventional risk factors 
including age, WMCs, and duration of hypertension.

The distributions of low-grade and high-grade 

WMCs differed between patients with different stages of 
hypertension. In patients with stage 1 hypertension, the 
rate of grade 3 or grade 0–2 CMBs was no higher than 
the rate without CMBs. In contrast, the rate of CMBs was 
higher in patients with higher hypertension stages. When 
comparing the duration of hypertension between patients 
with CMBs and those without CMBs, the same result was 
found. These results suggest that the risk of CMBs is much 
higher in patients with higher BP levels, regardless of the 
duration of hypertension or degree of WMCs. Henskens 
et al. performed a similar study and concluded that CMBs 
were frequently found in hypertensive patients without a 
history of cerebrovascular disease and were independently 
associated with higher daytime and nighttime BP levels (29). 
The rate of CMBs in patients with stage 1 hypertension 
was not different between those who were middle-aged 
and older; the same held true for patients with stage 2 
hypertension.

In our study, to facilitate research classification, we 
divided the patients into two groups according to JNC 7, 
which suggests that all people with hypertension (stages 
1 and 2) should be treated. We chose to emphasize the 
relationship between age, duration of hypertension, and 
degree of WMCs and CMBs because these risk factors are 
easy to determine through interviews and the evaluation of 
MR or CT images taken during diagnosis or treatment. By 
preliminarily assessing the risk of CMBs in hypertensive 
patients on the basis of these factors, the radiologist targeted 
some patients for T2*-weighted sequence MRI, and the 
neurologist was able to consider the existence of CMBs in 
patients with stage 2 hypertension during treatment.

In patients with stage 1 hypertension, a higher degree 
of CMBs was associated with some risk factors, including 
WMC grade, duration of hypertension, and age, but the 
correlations between these factors and CMBs were not 
strong. The results suggest that there were fewer CMBs 
in patients with lower BP, which may indirectly explain 
how these factors influence small arteries. In patients with 
stage 2 hypertension, the correlations between the risk 
factors and the degree of CMBs were stronger than those in 
patients with stage 1. These factors may have a larger effect 
on the presence of CMBs, but the relationship between age 
and CMBs did not change much relative to that in patients 
with stage 1 hypertension.

Additionally, we confirmed the close association among 
the number of CMBs, the severity of WMCs, and the 
duration of hypertension. Our results suggest that the risk 
associated with age was confounded by the risk associated 
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with WMCs and that age had a weaker correlation with 
CMBs than both WMCs and the duration of hypertension. 
Age has been reported as one of the most important risk 
factors for not only CMBs but also high-grade WMCs 
(37,38). In these studies, advanced WMCs were assessed 
under similar conditions, consisting of extensive white 
matter damage from cerebral small vessel diseases such as 
microangiopathy and amyloid angiopathy.

The possibility that all diffuse CMBs are the result of 
hypertensive microangiopathies must be considered. Indeed, 
chronic hypertension can influence the development of 
hypertensive microangiopathies anywhere in the brain (39), 
but CAA is typically found in cortical or leptomeningeal 
regions and is not necessarily related to hypertension (40). 
Histopathologic analyses of CMBs that are visible using 
MRI have shown that CMBs reflect widespread involvement 
of the arterioles and are caused by hypertension, amyloid 
deposition, or both pathogenetic mechanisms. Thus, both 
pathogeneses might be involved in diffuse CMBs. CAA 
and mixed CMBs show different clinical and radiological 
profiles in the absence of macrohemorrhages (41).

We found that CMBs occurring in deep structures were 
more common than those found in the lobar hemispheres 
of our participants. There were significantly more CMBs 
in the basal ganglia of hypertension stage 2 patients 
than in stage 1 patients. A similar result was true for 
the brainstem. These results suggest that CMBs in the 
brainstem should be considered when treating patients 
with stage 2 hypertension. Previous research showed that 
CMBs occurred more frequently in deep structures than 
in lobes (42), which is consistent with our study. The lobar 
hemispheres are common sites for hypertensive cerebral 
hemorrhages. Accordingly, these results suggest that 
modifiable risk factors such as high BP can be associated 
with CMBs.

The present study has several limitations, including 
its cross-sectional design and the relatively small number 
of participants with CMBs. Although the group size was 
sufficient to perform the analyses, additional exploratory 
adjustments need to be interpreted within the context of 
their statistical limitations. In this study, we did not list 
hypertensive patients who met the diagnostic criteria of 
CAA separately. The “gold standard” of CAA is to make a 
pathological diagnosis through autopsy, which is another 
limitation of our study. We will focus on patients clinically 
diagnosed with CAA in future research. Our findings 
require confirmation in longitudinal and adequately 
powered studies. Another limitation is the lack of a local, 

preferably community-based, control population. Such a 
control group would have enabled us to assess whether the 
prevalence of CMBs in our hypertensive cohort was higher 
than that in previous studies.

Our study showed that CMBs frequently occur in 
patients. Moreover, the data suggest that participants with 
stage 2 hypertension are more likely to display CMBs 
on MRI than participants with stage 1. In contrast to the 
general belief that CMBs are clinically silent, several large 
clinical studies have established an association of CMBs 
with vascular and systemic inflammation (43) as well as with 
cognitive decline in patients with vascular dementia and 
Alzheimer’s disease (AD) (44-46) and an increased risk of 
stroke recurrence, which illustrates the potential clinical 
relevance of these small lesions (47). We postulate that 
CMBs should be considered an independent marker of 
hypertensive target organ damage in the brain. Our findings 
require confirmation in adequately powered and preferably 
long-term follow-up studies, which should also address the 
role of CMBs in risk estimation and the prevention of both 
future strokes and impaired brain function.

Conclusions

In conclusion, the CMBs observed in hypertensive patients 
occurred more frequently in deep structures, and both the 
WMC grade and duration of hypertension had a closer 
association with the degree of CMBs than age. These 
results should be fully considered during clinical treatment. 
CMBs in hypertensive patients were more common in 
deep structures, and both the WMC grade and duration of 
hypertension were more closely associated with the degree 
of CMBs than with age.
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