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 Background: At present, the association between blood pressure, regional cerebral blood flow, and white matter lesions is 
not well understood.

 Material/Methods: A total of 147 subjects aged from 40 to 80 years were assessed by the Fazekas score for white matter lesions, 
CT perfusion imaging for regional cerebral blood flow, and 24-h ambulatory blood pressure monitoring for blood 
pressure level and rhythm. Logistic regression analysis was used to obtain the odds ratio and 95% confidence 
interval between Fazekas scores and relevant factors. The relationship between blood pressure index and re-
gional cerebral blood flow was analyzed through cubic curve estimation.

 Results: Fazekas score was negatively correlated with regional cerebral blood flow (r=-0.801; r=-0.831, P<0.001). For 
subcortical lesion, the regional cerebral blood flow of Fazekas grade 0 was 1.976 times that of Fazekas grade 
3 (OR=1.976, 95% CI=1.576-2.477), and for periventricular lesion, the regional cerebral blood flow of Fazekas 
grade 0 was 2.034 times that of Fazekas grade 3 (OR=2.034, 95% CI=1.602-2.583). Increased nighttime systol-
ic blood pressure may be more dangerous (OR=1.112, 95% CI=1.059-1.169). The day-night systolic blood pres-
sure ratio (OR=0.801, 95% CI 0.711-0.902) and the day-night diastolic blood pressure ratio (OR=0.876, 95% CI 
0.807-0.950) were significantly correlated with Fazekas score.

 Conclusions: The decrease of white matter regional cerebral blood flow caused by hypertension is probably one of the im-
portant causes of white matter lesions. Patients with white matter lesions should also pay attention to the 
rhythm of blood pressure when controlling hypertension, especially if their blood pressure is too high or too 
low at night.
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Background

White matter lesions (WMLs) found by brain MRI are com-
mon among elderly people. WMLs is often asymptomatic in 
its early stages, but as the disease progresses, patients devel-
op cognitive and motor executive dysfunction [1], and even 
dementia [2]. There are many risk factors for WMLs, including 
age, hypertension, and diabetes. Age and hypertension have 
been identified as the most important risk factors for WMLs. 
Compared with people with normal blood pressure, patients 
with hypertension have a higher incidence rate of WMLs, as 
well as a higher rate of relevant disease progression [3].

The pathophysiology of WMLs has not been fully elucidated. It 
has been reported that WMLs may be the result of mild chron-
ic white matter hypoperfusion [4]. Results of relevant Japanese 
studies showed that Alzheimer disease patients with WMLs 
had significantly decreased regional cerebral blood flow (rCBF) 
in the memory- and learning-related brain areas, and cogni-
tive function decreased rapidly within 2 years compared with 
those without WMLs [5]. Similar studies reported that cerebral 
perfusion in the posterior cerebral artery supply area was as-
sociated with WMLs severity and cognitive decline [6]. This re-
gional hypoperfusion is probably caused by cerebral small vas-
cular lesions, and risk factors like hypertension are the cause 
of vascular lesions [7].

The above results show that hypertension is an important cause 
of WMLs, and leads to cerebral microvascular disease, which 
in turn causes brain white matter damage [8]. However, most 
recent studies failed to clarify the interaction between blood 
pressure level, rCBF, and WMLs severity at the same time, and 
often used MRI (eg, in artery spin labeling technology) for mea-
suring CBF, but this method was not approved by the FDA for 
relatively low signal noise [9]. Therefore, this study utilized 
craniocerebral computed tomography perfusion (CTP) imag-
ing to record the patients’ white matter rCBF more accurate-
ly, and assess the patients’ dynamic blood pressure changes, 
so as to explore the interaction between blood pressure level, 
WMLs, and rCBF, and discuss the possible mechanism for the 
occurrence and development of WMLs from the perspective 
of blood pressure. Therefore, we hypothesized that: (a) BP is 
associated with decreased cerebral blood flow in WMLs area 
and (b) Blood pressure rhythm is associated with decreased 
cerebral blood flow in the WMLs area.

Material and Methods

Subjects

This study included 154 patients who were found to have WMLs 
without any history of cerebral infarction in the Department of 

Neurology, Lianyungang First People’s Hospital from November 
2019 to October 2020. According to the inclusion and exclusion 
criteria, data anomalies were excluded in 5 patients due to ex-
treme values and other reasons, and 2 were excluded due to 
MRI intolerance. A total of 147 patients were included. Among 
them, 135 completed 24-h ambulatory blood pressure mon-
itoring (24hABPM), and 137 completed a craniocerebral CTP 
examination. For all of the subjects, relevant medical history 
collection and multiple examinations were conducted. The ex-
aminations included routine blood biochemistry, echocardiog-
raphy, carotid ultrasonography, cognitive function assessment, 
24hABPM, and routine cranial MR scan. We performed a pro-
spective observational cohort study to explore the relationship 
between blood pressure level, rCBF, and severity of WMLs. This 
study was approved by the Ethics Committee of Lianyungang 
First People’s Hospital, and all subjects or their legal represen-
tatives signed the informed consent form.

Inclusion Criteria

The inclusion criteria were: (1) 40-80 years old; (2) definite 
WMLs found by cranial MRI (WMLs were defined as areas of 
brain parenchyma with an increased signal on both T2-weighted 
and FLAIR images without corresponding hypointense lesions 
on the T1-weighted scans).

Exclusion Criteria

The exclusion criteria were: (1) Mental disorder or disturbance 
of consciousness; (2) Secondary hypertension (including in-
creased blood pressure caused by various clear causes, such 
as renal hypertension, etc); (3) Newly discovered acute stroke 
(MRI showed high signal on DWI, low signal on T1, and high 
signal on T2) or past history of severe stroke (at admission, NIH 
Stroke Scale >5 or infarction that may affect cognitive func-
tion and MRI showed low signal on T1, high signal on T2, and 
low signal on T2 FLAIR); (4) Congenital vascular disease or ce-
rebral artery occlusion; (5) WMLs for other reasons, including 
multiple sclerosis, hypoxia, and intoxication; (6) Past history of 
contrast agent allergy or at least 2 time experiences of aller-
gy to other drugs; (7) Heart, liver, or kidney dysfunction; and 
(8) History of craniocerebral injury or surgery.

CTP Scanning

The dual-source Siemens CT imaging system of (Somatzom 
Definition Flash) was used; its plain scan can cover the whole 
brain. For the cranial CT volume perfusion imaging (VPCT), a 
VPCT mode was used for imaging. The z axis whole-brain CTP 
images were obtained with 0.6 mm of collimation and 100 mm 
of scan coverage, 100 kV tube voltage, and 80 mAs tube cur-
rent. A high-pressure syringe was used to inject 50 ml of io-
dixanol as contrast agent, flow rate: 5~6 ml/s. The scanning 
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was started after a delay of 4 s, and then 40 ml of normal sa-
line was injected at the same flow rate for flushing, recombi-
nation thickness: 1 mm. The volume data of 24 phases were 
obtained, tube voltage: 100 kV, and tube current: 140 mA. 
After image processing with the Syngo software by the imag-
ing professional operator, according to the MRI images, we se-
lected 2-3 lesion areas from the most obvious levels of WMLS 
in both left and right subcortical and paraventricular areas to 
measure CBF. We calculated the average value of all selected 
areas on one side as the CBF of that side.

MRI Scanning

The superconducting nuclear magnetic resonance (GE Signa 
HDxt 3.0T, the U.S.A) and standard orthonormal coil were used 
for MRI. During the examination, the patients were on their 
back, with heads on the headrest. Then, a plain scan was first 
performed with the following parameters: T1-weighted scan: 
TR 1900 s, TE 20 ms, slice thickness 5 mm, with 1 mm for the 
interior, and FOV 230×185 mm; T2-weighted scanning: TR 4000 
ms, TE 104 ms, slice thickness 5 mm, with 1 mm of interval, 
and FOV 230×209 mm; FLAIR scan: TR 9000 ms, TE 120 ms, 
TI 2500 ms, slice thickness 5 mm, with 1 mm of interval. The 
report was given by a doctor from the imaging department.

WMLs	Analysis

The scale for WMLs severity rating-Fazekas scale (range: 0-6) 
was used to score paraventricular and deep white matter le-
sions separately, and then the total score of the 2 parts was 
calculated as the final score. Paraventricular or deep white 
matter high signal score: 0: no lesion, 1: cap-like or pencil-
like thin layer lesion, 2: lesion of smooth halo appearance, 3: 
irregular paraventricular high signal extending to deep white 
matter. Fazekas grade (0-3): Grade 0: no lesion, grade 1 (mild 
lesion, 0-1), grade 2 (moderate lesion, 2-3), and grade 3 (se-
vere lesion, 4-6).

BP Record

After bed rest for at least 5 min, a validated electronic sphyg-
momanometer was used to record the brachial BP of the pa-
tient’s left upper limb every 3 min and measured blood pres-
sure 3 times in total. The mean of the 3 measurements was 
taken as the BP at admission.

After other tests were completed, the patients performed 
24hABPM (Spacelabs Healthcare 90217A, US), and the mean 
SBP and mean DBP were recorded during the day and night. 
Blood pressure should be measured every 20 min between 
6: 00 and 22: 00 (considered as daytime), and every 30 min 
between 22: 00 and 6: 00 the next day (considered as night-
time). We recorded the mean systolic blood pressure (SBP), 

mean diastolic blood pressure (DBP), and the standard devia-
tion of blood pressure over the corresponding period. According 
to the 24-h mean SBP quartile, they were divided into a high-
er systolic blood pressure group (SBP >133 mmHg) and a low-
er systolic blood pressure group (SBP £133 mmHg). The blood 
pressure ratio=(daytime blood pressure value–nighttime blood 
pressure value)/daytime blood pressure value. The blood pres-
sure variation factor (BPV) is defined as the ratio of SD to mean 
SBP or DBP over the same period and calculated by the fol-
lowing formula: CV=SD/mean BP [10]. During the examination, 
patients were only allowed to carry out normal activities nec-
essary for life, vigorous exercises or other activities that may 
cause mental stimulation were prohibited, and other relevant 
examinations were not carried out temporarily, so as to pre-
vent patients from having blood pressure fluctuations due to 
stimulation. If a patient was taking antihypertensive drugs, in 
order to continue to maintain the patient’s BP status at home 
and to avoid BPV caused by sudden withdrawal or change of 
medication, we decided not to stop and did not change the 
patient’s current antihypertensive plan.

Cognitive Function Assessment

The cognitive function of all subjects was evaluated using 
Montreal Cognitive Assessment Scale (MoCA Scale) [11]. During 
the test, in a quiet and private room, the patient was exam-
ined by a professional psychosomatic doctor or neurologist. 
The tests were conducted strictly following the standard pro-
tocols. Additionally, when participants had less than 12 years 
of education, the original score was increased by 1 point [12].

Data	Analysis

All data are expressed as mean±standard deviation, percent-
age, or inter-quartile range depending on corresponding types. 
Kolmogorov-Smirnov test was used for normality test of data, 
the Mann-Whitney U test for inter-group comparison of non-
normal distribution data, the independent sample t test was 
used for inter-group comparison of normal distribution data, 
and the Pearson chi-square test for inter-group comparison of 
ranked data. The odds ratio (OR) and 95% confidence interval 
(95% CI) between Fazekas score and various factors were an-
alyzed by logistic regression. After processing extreme values 
that affect the reliability of the data, the relationship between 
24-h ambulatory blood pressure and cerebral blood flow was 
evaluated by the cubic simulation curve model. The correla-
tion between Fazekas score and rCBF was evaluated based on 
Spearman correlation coefficient. SPSS Statistics 26.0 was used 
for data processing. If P<0.05, there was statistical significance.
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Results

General Information

There were 147 cases, including 72 males and 75 females, av-
erage age: 67.4 years. There were 59 cases with mild cogni-
tive impairment and 74 cases with significant cognitive im-
pairment (Table 1). Among the 147 patients, 71 (48.3%) had 
relatively serious periventricular or deep WMLs (Fazekas grade 
2 or greater). For age, blood lipid, sex, blood glucose, coronary 
heart disease, level of education, smoking, and drinking, there 
was no statistically significant difference between the quar-
tile groups, while for history of high blood pressure (P=0.002), 
Fazekas score (P<0.001) and MOCA score (P<0.001), the differ-
ences were significant. For SBP, DBP, and 24-h average DBP, 
the differences between groups were significant (P<0.001). For 
daytime and nighttime SBP and DBP, there were significant 
differences between groups (for all, P<0.05).

Analysis	of	the	Relationship	Between	the	Severity	of	
WMLs and Various Factors

Single-factor binary logistic regression analysis on the rela-
tionship between Fazekas score and various factors showed 
that age, body mass index, 24-h mean SBP and DBP, daytime 
mean SBP, and nighttime mean SBP and DBP were all associ-
ated with WMLs, but daytime mean DBP was not. Binary mul-
tivariate logistic regression analysis showed that the previ-
ously significant association remained after accounting for 
potential confounding factors (eg, age, fasting blood glucose, 
and blood pressure on admission). The single-factor multivar-
iate logic analysis of the relationship between Fazekas score 
and rCBF showed that with the reduction of the Fazekas score, 
the rCBF at the lesion site gradually increased. The multivar-
iate logistic regression analysis found that the OR value was 
increased after adjustment, and for the subcortical lesions, 
Fazekas grade 0 rCBF was 1.976 times higher than Fazekas 
grade 3 rCBF (OR=1.976, 95% CI=1.576 2.477, P<0.001); for the 
periventricular lesions, Fazekas grade 0 rCBF was 2.034 times 
higher than Fazekas grade 3 BF (OR=2.034, 95% CI=1.602-
2.583, P<0.001) (Table 2).

Analysis	of	the	Relationship	Between	Blood	Pressure	and	
rCBF

As shown in Figures 1 and 2, the cubic simulation curves of 
blood pressure and cerebral blood flow were roughly in a “S” 
shape. Each curve had 2 inflection points, and there was a rCBF 
value interval of relatively stable curve between the 2 inflec-
tion points. We roughly estimated the possible range for this 
value: when the subcortical rCBF was 35-55 ml/100 g/min, 
the corresponding daytime mean SBP/DBP was 130-135/78-
83 mmHg, and nighttime mean SBP/DBP was 120-130/70-75 

mmHg. When the periventricular CBF was 50-65 ml/100 g/
min, the daytime mean SBP/DBP was 130-135/78-81 mmHg, 
and the nighttime mean SBP/DBP was 120-130/70-75 mmHg.

Relationship	Between	the	Severity	of	WMLs	and	CBF

Spearman correlation analysis results are shown in Figure 3 
The subcortical and paraventricular Fazekas scores were neg-
atively correlated with rCBF (r=-0.801; r=-0.831, P<0.001).

Discussion

The present results show that among patients with high blood 
pressure, the severity of WMLs was significantly correlated with 
rCBF, and with increase of Fazekas score, rCBF dropped signif-
icantly in the subcortical and periventricular lesion areas. The 
day-night SBP ratio and the day-night DBP ratio were signif-
icantly correlated with Fazekas score, which indicated that a 
low blood pressure drop rate from daytime to nighttime had 
a protective effect on WMLs.

The participants in this study were screened out from inpa-
tients complicated with various underlying diseases. However, 
the results still showed that the high blood pressure group was 
more likely to develop WMLs and had more severe cognitive 
impairment. Logistic regression analysis showed that both high 
24-h mean SBP and high 24-h DBP were independent risk fac-
tors for WMLs, where high SBP at nighttime was more dan-
gerous than high SBP at daytime, and high DBP at nighttime 
was more dangerous than high DBP at daytime. However, the 
results failed to show that DBP was more dangerous than 
SBP [13]. In terms of blood pressure circadian rhythm, systolic 
blood pressure ratio (SBPR) and diastolic blood pressure (DBPR) 
were protective factors in WMLs. The higher the proportion 
of normal circadian rhythm, the more likely the patients had 
fewer WMLs. A study in China showed that WMLs volume in-
creased significantly in patients with long-term deep dipper 
blood pressure, non-dipper blood pressure, or reversed dipper 
blood pressure as compared to those with dipper blood pres-
sure [14]. Therefore, we assumed that a good blood pressure 
rhythm (normal dipper blood pressure) can delay WMLs, while 
the disturbance of biological rhythm often leads to increased 
blood pressure at nighttime, which was probably more danger-
ous than increased blood pressure at daytime. Many previous 
cross-sectional and longitudinal cohort studies have shown that 
the strongest risk factor for increase of WMLs with age is hy-
pertension, and the alleviation of hypertension can delay the 
progression of WMLs [15]. However, there are few published 
studies indicating how to properly control blood pressure to 
prevent progression of WMLs, and there is a particular scarcity 
of large randomized controlled clinical trials. Moreover, when 
patients stay at home, they often take antihypertensive drugs 

e929958-4
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Zhang D. et al: 
White matter lesions and cerebral blood flow

© Med Sci Monit, 2021; 27: e929958
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Variables
Q1 

(100-127)
Q2 

(128-133)
Q3 

(134-139)
Q4 

(140-169)
P value

n 39 31 35 30

Age (Year, M, IQR) 65 (58-72) 66 (64-74) 69 (64-74) 69.5 (63.8-75) 0.067*

Male (n, %) 22, 56.4 13, 41.9 19, 54.3 14, 46.7 0.929***

Culture above junior high school (n, %) 23, 59.0 17, 54.8 16, 45.7 10, 33.3 0.101***

BMI (kg/m2, m±s) 25.43±3.32 25.73±3.89 23.51±3.53 26.16±3.86 0.195**

Hypertension (n, %) 27, 69.2 31, 100.0 34, 97.1 30, 100.0 0.002***

Dyslipidemia (n, %) 8, 20.5 11, 34.5 8, 22.9 11, 36.7 0.788***

Diabetes (n, %) 9, 23.1 7, 22.6 8, 22.9 14, 46.7 0.156***

Coronary heart disease (n, %) 9, 23.1 6, 19.4 7, 20.0 4, 13.3 0.507***

Fasting blood glucose (mmol/L, M, IQR) 5.06 (4.65-5.90) 5.23 (4.87-6.78) 5.18 (4.88-6.26) 5.38 (4.89-7.50) 0.184*

Smoke (n, %) 8, 20.5 5, 16.1 8, 22.9 7, 23.3 0.519***

Drinking (n, %) 8, 20.5 5, 16.1 8, 22.9 8, 26.7 0.393***

SBP on admission (mmHg, m±s) 132.2±18.5 144.8±12.2 149.4±11.6 158.4±17.7 <0.001**

DBP on admission (mmHg, m±s) 79.6±11.8 83.9±12.1 87.1±9.6 89.9±13.0 0.001*

Cholesterol (mmol/L, m±s) 3.96±1.42 4.72±1.31 4.34±1.16 4.65±0.94 0.391**

Triglyceride (mmol/L, M, IQR) 1.17 (0.87-1.49) 1.42 (0.88-1.78) 1.26 (0.86-1.70) 1.27 (0.88-1.80) 0.507*

LDL-C (mmol/L, m±s) 2.19±0.88 2.67±0.76 2.35±0.76 2.47±0.61 0.942**

HDL-C  (mmol/L, M, IQR) 1.00 (0.86-1.17) 1.08 (0.97-1.28) 1.07 (0.94-1.33) 1.05 (0.92-1.18) 0.430*

24hMDBP (mmHg, m±s) 71.7±5.6 78.4±5.9 80.1±5.2 83.7±5.2 <0.001**

MDSBP (mmHg, m±s) 122.8±8.5 133.6±3.0 137.7±3.6 147.2±5.6 <0.001*

MNSBP (mmHg, m±s) 113.2±9.5 125.4±3.7 132.9±4.8 142.6±9.8 <0.001*

MDDBP (mmHg, m±s) 74.5±6.5 81.2±5.7 82.2±5.8 85.1±5.8 <0.001*

MNDBP (mmHg, m±s) 67.5±6.3 74.7±6.1 76.2±5.7 81.3±6.1 <0.001**

SBPDNR (%, M, IQR) 9.63±2.71 9.69±1.87 10.29±2.22 10.27±2.61 0.130**

DBPDNR (%, M, IQR) 10.19±3.00 10.99±2.74 10.93±2.93 11.35±3.15 0.083*

SBPCV (m±s) 7.79±5.92 6.02±4.00 3.37±5.40 3.04±6.70 <0.001*

DBPCV (m±s) 9.27±6.20 7.99±5.53 7.09±6.20 4.17±7.67 0.023*

MSCBF (ml/100G/Min, m±s) 46.31±11.37 41.53±13.37 37.32±13.48 33.19±7.22 <0.001*

MPCBF (ml/100G/Min, m±s) 51.16±15.06 43.63±13.85 38.17±14.10 36.11±9.40 <0.001*

Fazekas score (m±s) 1.18±1.35 1.32±1.05 2.54±1.87 3.13±1.57 <0.001*

MoCA (M, IQR) 22 (19-24) 21 (17-24) 17 (12-21) 15.5 (11.8-20.3) <0.001*

Table 1. Comparison of background data of patients based on 24h mean SBP quartile grouping.

* Man-Whitney U test; ** independent sample t-test; *** Pearson Chi-square test; Q1-q4 – CV is grouped according to the quartile of 
population; m – median; IQR – interquartile spacing; m±s – mean±standard deviation; LDL-C – low density lipoprotein cholesterol; 
HDL-C – high-density lipoprotein cholesterol; MDSBP – daytime mean systolic blood pressure; MNSBP – mean systolic blood pressure 
at night; MDDBP – daytime mean diastolic blood pressure; MNDBP – mean diastolic pressure at night; SBPCV – coefficient of variation 
of 24-hour systolic blood pressure; DBPCV – 24-hour diastolic blood pressure variation coefficient; SBPDNR – systolic blood pressure 
ratio between day and night; DBPDNR – diastolic blood pressure day/night ratio; MSCBF – bilateral mean subcortical local cerebral 
blood flow; MPCBF – bilateral mean paraventricular cerebral blood flow; MoCA – Monterey Cognitive Assessment Scale.
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only once, in the morning. Although this can maintain a sta-
ble blood pressure during the day, it is difficult to take effect 
at night. Therefore, patients tend to pay more attention to the 
daytime blood pressure value when they are awake and ne-
glect the control of nighttime blood pressure, which may qui-
etly promote the occurrence or progress of WMLs.

Based on the approximate interval of the 2 inflection points, 
we estimated the corresponding blood pressure interval with 
an ideal CBF value. In the subcortical and periventricular re-
gions, when the CBF value was roughly within 40-60 ml/100 
g/min, the mean daytime systolic/diastolic blood pressure was 
130-135/75-85 mmHg, and the mean nighttime systolic/dia-
stolic blood pressure was 120-130/70-75 mmHg. As our blood 
pressure is measured at the time of hospitalization, the pa-
tient’s blood pressure will inevitably have some environmen-
tal impact, leading higher values than the recorded value of 
home blood pressure patients. Therefore, the data indicate 
that patients can have a good cerebral perfusion level when 

their daytime/nighttime blood pressure values are slightly low-
er than the above values. For patients with high blood pres-
sure accompanied by WMLs, it is critical to reduce the blood 
pressure to a reasonable range. A study published in JAMA in-
dicated that for adult patients with hypertension, after inten-
sive antihypertensive treatment, the WMLs volume was lower 
and the total cerebral blood volume was higher in the group 
of target SBP lower than 120 mmHg than in the group of tar-
get SBP lower than 140 mmHg, which was close to our pre-
dicted blood pressure interval. However, they also suggested 
that the strategies to reduce blood pressure in other hyper-
tensive populations should be used cautiously because the 
study did not include patients with baseline diabetes, stroke, 
serious heart failure, dementia, advanced or severe protein-
uria, or those living in nursing homes [16]. WMLs have been 
proved to be a risk factor for ischemic stroke, and also influ-
ence relevant outcomes [17]. Park et al reported that intracra-
nial atherosclerotic stenosis was more correlated with WMLs 
than extracranial atherosclerotic stenosis [18]. Therefore, many 

Variables
Univariate Multivariate

OR (95% CI) P value OR(95%CI) P value

Age  1.102 (1.050-1.157) <0.001  1.089 (1.034-1.147) 0.001

BMI  0.891 (0.811-0.979) 0.016  0.889 (0.792-0.997) 0.045

24hMSBP  1.099 (1.052-1.149) <0.001  1.085 (1.029-1.145) 0.003

24hMDBP  1.053 (1.001-1.107) 0.045  1.075 (1.006-1.147) 0.031

MDSBP  1.067 (1.026-1.110) 0.001  1.066 (1.021-1.112) 0.004

MNSBP  1.110 (1.063-1.159) <0.001  1.112 (1.059-1.169) <0.001

MDDBP  1.027 (0.978-1.077) 0.285  1.055 (0.998-1.115) 0.059

MNDBP  1.075 (1.025-1.127) 0.003  1.087 (1.030-1.147) 0.002

SBPDNR  0.822 (0.753-0.897) <0.001  0.801 (0.711-0.902) <0.001

DBPDNR  0.906 (0.854-0.961) 0.001  0.876 (0.807-0.950) 0.001

MSCBF (F3)  1.000 –  1.000 –

 F2  1.338 (1.158-1.545) <0.001  1.433 (1.186-1.732) <0.001

 F1  1.654 (1.393-1.963) <0.001  1.812 (1.456-2.254) <0.001

 F0  1.799 (1.504-2.150) <0.001  1.976 (1.576-2.477) <0.001

MPCBF (F3)  1.000 –  1.000 –

 F2  1.313 (1.133-1.522) <0.001  1.352 (1.129-1.618) 0.001

 F1  1.757 (1.447-2.133) <0.001  1.877 (1.486-2.372) <0.001

 F0  1.900 (1.556-2.319) <0.001  2.034 (1.602-2.583) <0.001

Table 2. Logistics regression analysis of Fazekas grades and various factors.

MDSBP – daytime mean systolic blood pressure; MNSBP – mean systolic blood pressure at night; MDDBP – daytime mean diastolic 
blood pressure; MNDBP – mean diastolic pressure at night; 24hSBP – 24-hour mean systolic blood pressure; 24hDBP – 24-hour mean 
diastolic blood pressure; SBPDNR – systolic blood pressure ratio between day and night; DBPDNR – diastolic blood pressure day/
night ratio; MSCBF: bilateral mean subcortical local cerebral blood flow; MPCBF – bilateral mean paraventricular cerebral blood flow; 
F – Fazekas grade.
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patients have both vascular stenosis and a past history of IS, 
and our estimated blood pressure range is within the normal 
blood pressure range, and may even need to maintain a lower 
blood pressure to effectively delay the progression of WMLs, 
so this goal may not be applicable for all patients with WMLs. 
To avoid excessive blood pressure reduction causing transient 
ischemic attacks and other more serious consequences, we need 
to weigh the pros and cons, and individually recommend rea-
sonable blood pressure reduction programs to achieve “early 
detection, early diagnosis, and early treatment”.

Our analysis verified the hypothesis that chronic hypoperfusion 
with reduced local rCBF is caused by hypertension. According to 
the results of logistic regression analysis, the rCBF of Fazekas0 
patients is significantly higher than that of Fazekas3 patients 
in both the paraventricular and subcortical regions (Table 2), 
which indicated that CBF at white matter lesions was signifi-
cantly lower than in healthy people. This is consistent with the 
results of van Dalen et al, who concluded that WMLs in elderly 
hypertensive patients was associated with reduced CBF at the 
lesion sites, but not associated with peripheral normal white 

matter or whole-brain low flow perfusion [19]. This also veri-
fied the hypothesis that a pathologic mechanism of vascular 
damage at white matter lesion sites leads to local hypoperfu-
sion. When this reduction in focal cerebral perfusion occurs in 
the frontal lobe, parietal lobe, middle temporal lobe, and pu-
tamen, WMLs gradually develop and damage cognitive func-
tioning [5]. However, some studies have also shown that the 
causes of WMLs in patients with Alzheimer disease cannot be 
explained only by the hypoperfusion resulting from small ves-
sel disease because they may also be related to Wallerian de-
generation triggered by pathological lesions in cortical AD, es-
pecially for WMLs in the parietal lobe [20].

There are many theories concerning the pathogenesis of WMLs, 
including the theories of chronic cerebral hypoperfusion [21], 
cerebral blood barrier disorder [22], inflammatory damage [23], 
and age-related white matter lesions [24], and there is no con-
sensus. Some studies have found that decreased cerebral per-
fusion can cause bilateral cortical ischemia and hypoxia, thus 
resulting in microcirculation disorder and worsened neuro-
degenerative changes [25], and damage to the connections 
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Figure 1.  (A-D) The cubic simulation curves of circadian systolic blood pressure. MDSBP – daytime mean systolic blood pressure; 
MNSBP – mean systolic blood pressure at night; MSCBF – bilateral mean subcortical local cerebral blood flow; 
MPCBF – bilateral mean paraventricular cerebral blood flow.
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Figure 2.  (A-D) The cubic simulation curves of circadian diastolic blood pressure. MDDBP – daytime mean diastolic blood pressure; 
MNDBP – mean diastolic pressure at night; MSCBF – bilateral mean subcortical local cerebral blood flow; MPCBF – bilateral 
mean paraventricular cerebral blood flow
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Figure 3.  (A, B) The linear relationship between rCBF and Fazekas score. MSCBF – bilateral mean subcortical local cerebral blood flow; 
MPCBF – bilateral mean paraventricular cerebral blood flow.
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Supplementary Figure 1.  Example of T2-weighted MRI lesions and CT perfusion imaging.

between white matter fibers can lead to secondary cortical 
damage [26]. Chronic hypertension can thicken the intima of 
cerebral arterioles, thus reducing cerebral perfusion and lead-
ing to demyelination and degeneration of nerve fibers [6]. 
Anatomically, the blood in the white matter is supplied by the 
long perforating arteries located in the subarachnoid space 
without branching. This relatively unique blood supply mode 
is considered as the anatomical basis for the increased vulner-
ability of blood vessels in the watershed area to the damage 
from risk factors such as hypertension, which can result in de-
creased cerebral perfusion [27]. Studies on large vessels have 
shown that high blood pressure is one of the important risk 
factors for carotid atherosclerosis [28]. Therefore, the produc-
tion of WMLs is likely to be the result of the long-term synergy 
of the above pathophysiological mechanisms, which are like-
ly to cascade based on hypertension, the recognized risk fac-
tor. A study at the University of California showed that even if 
the duration of hypertension is short or the blood pressure is 
well controlled, the adverse reactions caused by hypertension 
cannot be alleviated; furthermore, the microstructural chang-
es of white matter appear in the early stage of hypertension, 
for which the harm may persist even if the treatment is ade-
quate. Therefore, they believed that for hypertension, preven-
tion was the most important [29].

This study has some limitations. First, only a small number 
of patients were included, and the patients were all from the 
wards, which may have biased the blood pressure data. Second, 
no follow-up was conducted. A reasonable antihypertensive 
program should be provided for follow-up observation. Third, 
it is still necessary to verify the range of blood pressure val-
ues that can maintain good perfusion.

Conclusions

In conclusion, this study found supporting evidence that the 
decrease in rCBF caused by increased blood pressure is likely 
to be one of the causes of WMLs. Patients with WMLs should 
also pay attention to the rhythm of blood pressure in control-
ling hypertension, especially when hyperpiesia or hypopiesia 
occurs at night.
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