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A B S T R A C T   

Importance: Abnormal blood pressure pattern is an independent risk factor for vascular events. 
Blood pressure variability can predict cardiovascular and cerebrovascular disease outcomes and is 
closely associated with the risk of cognitive impairment. However, the relationship between 
blood pressure variability and cerebral small vessel disease neuroimaging markers remains un-
clear. This study aimed to evaluate the relationship between blood pressure variability and ce-
rebral small vessel disease neuroimaging markers. 
Data sources: We searched multiple databases, including Embase, Web of Science, PubMed, 
Cochrane Library, UpToDate, and World of Science, from their inception until November 27, 
2023. 
Main Outcomes and Measures: A meta-analysis of 19 observational studies involving 14519 
participants was performed. Findings: ①Systolic blood pressure variability was correlated with 
the cerebral small vessel disease total burden, white matter hyperintensities and lacunar infarc-
tion; ② Diastolic blood pressure variability was correlated with the cerebral small vessel disease 
total burden, white matter hyperintensities and cerebral microbleeds; ③ Non-dipping patterns 
were correlated with white matter hyperintensities and lacunar infarction. ④ Reverse-dipping 
patterns were significantly correlated with white matter hyperintensities and cerebral 
microbleeds. 
Conclusions: and Relevance: Blood pressure variability correlates with neuroimaging markers of 
cerebral small vessel disease and its burden. Hence, early monitoring and intervention of blood 
pressure variability may be essential for the early diagnosis, prevention and treatment of cerebral 
small vessel disease.   

1. Introduction 

Cerebral small vessel disease (CSVD) is a syndrome in which cerebral arterioles, capillaries, venules, and other lesions are affected 
by various factors, leading to clinical, imaging, and pathological changes [1]. The main magnetic resonance imaging (MRI) findings 
include cerebral microbleeds (CMB), lacunar infarction (LI), white matter hyperintensities (WMHs), and enlarged perivascular spaces 
(EPVS) [2]. These neuroimaging markers may manifest alone, sequentially, or simultaneously [3]. CSVD total burden score integrates 
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CSVD imaging markers into a whole, scoring CMB, LI, WMHs and EPVSs respectively, with a total score ranging from 0 to 4 [4], which 
can more comprehensively evaluate the severity of CSVD injury [5]. CSVD is common in the elderly population, and its incidence may 
increase with age. Most individuals with CSVD display a slow onset of development and may not present clinical symptoms during the 
early stages [6]. According to research statistics, 25 % of stroke patients and 45 % of dementia patients worldwide have CSVD [7]. An 
increase in CSVD burden can manifest as cognitive impairment, dementia, mental disorders, gait abnormalities, and urinary and stool 
disorders [8]. Therefore, attention should be given to this condition by clinicians. 

To date, hypertension has been confirmed as the most obvious and important intervention risk factor for CSVD; its main patho-
genesis involves its crucial role in vascular endothelial injury [9]. Rothwell et al. [10] suggested that the risk of stroke was related to 
systolic blood pressure variability (SBPV) and maximum systolic blood pressure during follow-up, but not to average systolic blood 
pressure. Tully et al. ’s meta-analysis showed that both SBPV and Diastolic blood pressure variability (DBPV) were closely related to 
CSVD [11]. The study further noted that the correlation between blood pressure variability (BPV) and CSVD was independent of mean 
blood pressure. There is study have confirmed that the damage to CSVD caused by BPV and abnormal blood pressure rhythm is more 
than the average blood pressure level [12]. Blood pressure circadian rhythm refers to the blood pressure fluctuations in the change of 
day and night. When the mean nighttime blood pressure drops less than 10 % from the mean daytime blood pressure, it is called 
non-dipping, while the mean nighttime blood pressure increases from the mean daytime blood pressure, it is called reverse-dipping 
[13]. BPV and blood pressure rhythm are closely related to the occurrence and development of CSVD [14–16], but most of them 
are limited to a certain CSVD image marker. However, the correlation between different types of BPV and total CSVD burden remains 
unclear. 

This study investigated the relationship between BPV, including systolic blood pressure variability (SBPV), diastolic blood pressure 
variability (DBPV), and non-dipping and reverse-dipping patterns, and CSVD neuroimaging markers through a systematic review and 
meta-analysis of relevant published literature. 

2. Methods 

We performed a systematic review and meta-analysis according to the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) guidelines. The protocol for this systematic review was registered in PROSPERO (CRD42023443341). 

2.1. Data sources and searches 

We conducted comprehensive searches in Embase, Web of Science, PubMed, Cochrane Library, UpToDate, and WOS. The search 
strategy covered the period from database inception to November 27, 2023. The search keywords and medical subject terms included: 
“cerebral small vessel disease,” “white matter hyperintensity,” “lacunar infarction,” “cerebral microbleed,” “blood pressure vari-
ability,” “non-dipping,” “reverse-dipping,” etc. (Full searches are provided in the supplementary material.) 

2.2. Inclusion and exclusion criteria 

Studies meeting the following criteria were included: (1) investigated the correlation between BPV and neuroimaging markers of 
CSVD; (2) were observational studies, including cohort studies, case-control studies, and cross-sectional studies, with the articles 
published in full; (3) reported multivariate adjustment effect estimates (risk ratios, hazard ratios, or odds ratios [ORs]) with 95 % 
confidence intervals (CIs) or other estimates that could be converted to ORs; and (4) were published in English. The exclusion criteria 
were as follows: (1) publication as a review, letter, editorial, or population-based study; (2) unavailable outcome measures; (3) 
duplicated populations; and (4) small study series (i.e., studies with sample sizes of <50). 

2.3. Outcomes 

(1) The included studies examined blood pressure variability over time, including hourly variability from 24-h ambulatory blood 
pressure measurements, and blood pressure follow-up variability measured across months or years in a cohort setting. (2) BPV in-
cludes: coefficient of variation (CV), standard deviation (SD), variability independent of mean (VIM), average real variability (ARV) 
and residual variability. In this study, SD was used to assess BPV. (3) All included studies completed MRI (Tesla, including 0.5T, l.5T, 
and 3.0T; Sequence: T1WI, T2WI, FLAIR, DWI and SWI). CSVD image burden was evaluated according to the following criteria:WMH: 
According to the Fazekas scale score, 1 point was recorded when the high signal of the lateral ventricle was 3 or the high signal of the 
deep white matter was 2 or 3. LI: LI ≥ 1, counted as 1 point; CMB: ≥1 deep or subtentorial CMB, counted as 1 point; EPVS: The level 
with the largest number of EPVS on one side of the brain in the basal ganglia region was counted semi-quantitatively. When there were 
≥11 EPVS, 1 point was counted. Total CSVD image burden: The score of total CSVD image burden was obtained by adding the above 4 
CSVD image marker scores, ranging from 0 to 4 points. According to the degree of CSVD burden, they were divided into mild and 
moderate groups (0–2 points) and severe groups (3–4 points) [17]. 

2.4. Data extraction 

After our initial eligibility assessment, two authors (Wu and Jia) independently completed a data extraction form. Any disagree-
ments were resolved by a third reviewer (Yuan). Characteristics of the studies, including first authors, publication years, study 
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locations, patient demographic data, MRI sequences, imaging parameters, study designs, CSVD outcome definitions, and reported ORs 
were extracted. 

2.5. Risk of bias assessment 

Zhao and Yang evaluated the quality of the included studies. The Newcastle–Ottawa scale (NOS) [18] was used to assess quality in 
cohort studies. The scale comprised three parts, selection, comparability, and outcome, and the quality of the included literature was 
assessed across eight sections from these parts. The highest possible NOS score was 9, and a total score of ≥7 was classified as 
high-quality research. The Agency for Healthcare Research and Quality (AHRQ) [19] quality rating scale was used to assess risk of bias 
for cross-sectional studies. It consisted of 11 items that could be answered with “yes,” “no,” or “unclear.” “Yes” was denoted by 1 point 
and “no” or “unclear” by 0 points, with the total possible score being 11 points. Subsequently, the literature was classified as 
low-quality (0–3 points), medium-quality (4–7 points), or high-quality (8–11 points). 

2.6. Statistical analysis 

Review Manager 5 and Stata 16.0 were used for statistical analysis. A meta-analysis of high-quality literature was performed. Using 
multiple meta-analyses and providing multiple effect sizes (e.g., SBPV, DBPV, the non-dipping and reverse-dipping patterns) is the 
highlight of this study. Using a random effects model, the binary classification results were analyzed using odds ratios (OR) and 95 % 
confidence intervals (CI). This study was performed based on the original data from the included studies OR and risk ratios with 95 % 
confidence intervals. Hazard ratios was directly considered as RR. In the data transformation, adjusted risk ratios (aRRs) were 
transformed to ORs [20]. Cochrane Q statistics were used to assess inter-study heterogeneity, with P ≤ 0.1, or I2 ≥ 50 % indicating 
heterogeneity, and P > 0.1, or I2 < 50 % indicating non-heterogeneity. All effect estimates were reported using 95 % confidence 
intervals. P < 0.05 was considered to be statistically significant. Sensitivity analysis was carried out by conversion effect models and a 
one-by-one exclusion method, and the source of heterogeneity was investigated by subgroup analysis. The results of meta-analysis 

Fig. 1. Flow chart of literature search and article selection process.  
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Table 1 
Basic features of included studies BP,systolic blood pressure.  

First author Year Country Sample size Sex (male) Mean age years Hypertension BP variability BP Monitoring MRI 
Tesla 

Study type Quality evaluation 

Havlik22 2002 America 575 575 81.6 ± 5.0 575(100 %) SD Visit-to-visit 1.5T Cohort study 6 
Yamamot23 2005 Japan 200 101 68.8 ± 9.3 200(100 %) SD 24-h ABPM 1.5T Cross-sectional study 9 
Lee24 2005 Korea 703 334 58.3 ± 6.0 / SD 24-h ABPM 1.5T Cross-sectional study 9 
Ma25 2010 China 188 80 64 ± 7 188(100 %) SD 24-h ABPM MRI Cross-sectional study 6 
Shimizu26 2011 Japan 514 191 72.3 ± 8.7 514(100 %) SD 24-h ABPM 1.5T Cohort study 9 
Liu27 2012 China 597 415 59.7 ± 9.8 111(18.6 %) SD Visit-to-visit 1.5T Cohort study 7 
Sabayan28 2013 Netherland 5461 2637 75.3 ± 3.3 3399(62.2 %) SD Visit-to-visit 1.5T Cohort study 7 
Kwon29 2014 Korea 162 100 65.33 ± 10.32 162(100 %) SD 24-h ABPM 1.5T Cross-sectional study 7 
Filomena30 2015 Spain 487 59 64 487(100 %) SD 24-h ABPM 1.5T Cross-sectional study 6 
Yang131 2018 China 251 132 58.2 ± 13.4 168(66.9 %) SD 24-h ABPM 3.0 T Cross-sectional study 8 
Chen32 2019 China 140 75 69.24 ± 10.54 140(100 %) SD 24-h ABPM 1.5T Cross-sectional study 7 
Nakanishi33 2019 America 828 330 70.9 ± 9.0 650(78.5 %) SD 24-h ABPM 1.5T Cross-sectional study 6 
Zhang34 2019 China 2091 330 67.81 ± 5.69 1409(67.4 %) SD 24-h ABPM 3.0 T Cohort study 8 
Fan35 2020 China 140 94 65.6 ± 12.4 140(100 %) SD 24-h ABPM 1.5T,3.0T Cross-sectional study 8 
Yang236 2020 China 1267 702 65 ± 13 1267(100 %) SD 24-h ABPM MRI Cross-sectional study 7 
JiménezBalado37 2020 Spain 212 119 65 212(100 %) SD 24-h ABPM 1.5T Cohort study 8 
Shen38 2022 China 115 76 67:8 ± 10:2 89(77.4 %) SD 24-h ABPM 3.0 T Cross-sectional study 9 
Liu239 2023 China 457 234 61.79 ± 8.11 130(28.4 %) SD Day-to-day 3.0 T Cross-sectional study 7 
Bao15 2023 China 131 84 70 53(40.5 %) SD 24-h ABPM 1.5T Cross-sectional study 6  
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Fig. 2. (A–F) The relationship between CSVD and SBPV and DBPV respectively.  

B. Zhao et al.                                                                                                                                                                                                           



Heliyon 10 (2024) e33264

6

were presented using forest plots. Egger’s test and funnel plot were used to detect publication bias of the primary endpoint 5 or more 
works were included in the plot. All effect estimates were reported using 95 % confidence intervals. P < 0.05 was considered to be 
statistically significant. If publication bias existed, the clip-complement method was used to adjust the effect size. 

2.7. Certainty assessment 

The overall certainty of observational research evidence was assessed according to the guidelines of the Grading of Recommen-
dations Assessment, Development, and Evaluation (GRADE). For most risk factors of imprecision, risk of bias, publication bias, or 
heterogeneity, further downgrades were made. According to the corresponding evaluation criteria, the quality of evidence was divided 
into four categories: high, moderate, low and very low [21]. 

3. Results 

3.1. Study selection 

Based on the search method, 709 studies were found, 325 duplicates were removed, and 364 articles, including titles and abstracts, 
were excluded. After careful evaluation, 19 observational studies (6 cohort studies and 13 cross-sectional studies) were finally 
included, as per the inclusion criteria (Fig. 1). 

3.2. Study characteristics 

Our analysis included 19 studies [15,22–39] involving 14519 participants. Among them, 10 studies were from China, 2 each from 
Japan, South Korea,the United States and the Netherlands, and one from Spain; A total of 6668 male patients, 7851 female patients. 
Among all patients, 9894 patients had a history of hypertension, and all patients underwent MRI. Standard deviation (SD) was used to 
measure blood pressure variability. MRI imaging parameters were not provided in 2 studies [25,36] (Table 1). 

3.3. Quality assessment 

The NOS was used to score the six cohort studies, and the results showed that one had a total score of 9 [26], two had a total score of 
8 [34,37], two had total scores of 7 [27,28], and one had a total score of 6 [22]. The AHRQ was used to score the 13 cross-sectional 
research papers. The results showed that scores of 9, 8, 7, and 6 were obtained by three [23,24,38], two [31,35], four [29,32,36,39], 
and four papers [15,25,30,33], respectively. 

3.4. Results of meta-analysis 

The relationship between BPV and CSVD neuroimaging markers was investigated in 19 of the included studies. These markers 
included SBPV (n = 12), DBPV (n = 7), non-dipping patterns (n = 3), and reverse-dipping patterns (n = 4). 

3.4.1. The relationship between SBPV and CSVD neuroimaging markers and CSVD total burden respectively 
Twelve studies (four cohort studies and eight cross-sectional studies) analyzed the relationship between SBPV and neuroimaging 

markers of CSVD and CSVD total burden. Six studies (five cross-sectional studies and one cohort study) suggested a correlation between 
higher SBPV and CSVD total burden (OR, 1.16; 95 % CI, 1.08–1.25; I2 = 71 %). Five studies (four cross-sectional studies and one cohort 
study) identified a correlation between SBPV and WMH, and a correlation was identified between the two (OR, 1.10; 95 % CI, 
1.06–1.14; I2 = 75 %). Two cohort studies reported a significant association between SBPV and LI (OR, 2.49; 95 % CI, 1.53–4.03; I2 = 0 
%) (Fig. 2 A-F). 

3.4.2. The relationship between DBPV and CSVD neuroimaging markers and CSVD total burden respectively 
Seven studies (3 cohort studies and 4 cross-sectional studies) analyzed the relationship between DBPV and CSVD neuroimaging 

markers and CSVD total burden. Two studies (1 cross-sectional study and 1 cohort study) suggested a correlation between higher DBPV 
and CSVD total burden (OR,1.43; 95 % CI,1.17–1.75 I2 = 27 %); Two cross-sectional studies reported a correlation between DBPV and 
WMH (OR, 1.12; 95 % CI, 1.04–1.19; I2 = 68 %), and three studies(one cross-sectional study and two cohort studies) reported a 
correlation between DBPV and CMB (OR, 1.20; 95 % CI, 1.06–1.36; I2 = 73 %) (Fig. 2A–F). 

3.4.3. Relationship between reverse dipping patterns and neuroimaging markers of CSVD 
Five studies (three cross-sectional studies and two cohort studies) analyzed the relationship between reverse-dipping patterns and 

neuroimaging markers of CSVD. Three studies (two cross-sectional studies and one cohort study) reported correlations between 
reverse-dipping patterns and WMH (OR, 1.72; 95 % CI, 1.33–2.22; I2 = 0 %). Two studies (one cross-sectional study and one cohort 
study) reported a clear association between reverse-dipping patterns and CMB (OR, 2.43; 95 % CI, 1.57–3.76; I2 = 0 %) (Fig. 3A–F). 

3.4.4. Relationship between non-dipping patterns and neuroimaging markers of CSVD 
Among the literature searched, three articles (two cross-sectional studies and one cohort study) discussed the relationship between 
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non-dipping patterns and neuroimaging markers of CSVD. Two studies (ono cross-sectional study and one cohort study) reported that 
non-dipping patterns were correlated with WMH (OR, 2.07; 95 % CI, 1.43–2.99; I2 = 0 %). Two studies (one cross-sectional study and 
one cohort study) reported the relationship between non-dipping patterns and LI. The results showed a clear correlation between the 
two. (OR, 2.94; 95 % CI, 2.05–4.22; I2 = 86 %) (Fig. 3A–D) (Table 2) 

4. Discussion 

The pathogenesis of CSVD induced by increased BPV remains unclear. Excessive fluctuations in blood pressure may cause he-
modynamic instability, leading to vascular wall destruction, vascular endothelial function impairment, brain tissue ischemia and 

Fig. 3. (A–D) The relationship between CSVD and Reverse dipper and Non-dipping respectively.  
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hypoperfusion, and other factors [40–42].In our systematic review and meta-analysis, we found that SBPV and DBPV were closely 
related to the CSVD total burden score. This is consistent with the results of Tully et al. ’s meta-analysis, which showed that increased 
SBPV and DBPV can promote the occurrence of CSVD. The study further suggests that SBPV may have a higher impact on CSVD than 
DBPV [11]. Fan et al. [35] found that SBPV is not only an independent risk factor for the total burden of CSVD, it can be used as an 
independent predictor of CSVD progression. The above studies suggest that SBPV has a greater impact on CSVD, which may be related 
to the greater impact of SBPV on vascular risk factors than DBPV [31]. There are few studies on BPV and CSVD total burden, and more 
studies are needed to explore the impact of BPV on CSVD total burden in the future. As the most common clinical feature of CSVD, 
WMHs has garnered much attention from scholars. Its association with high blood pressure has been frequently reported. However, the 
relationship between BPV and WMH has been controversial. In this study, we used the standard deviation of blood pressure (SDBP) to 
represent BPV. We found that both SBPV and DBPV can promote WMH development. In addition, by studying the relationship between 
Blood pressure CV and WMH, Zhang et al. found that systolic blood pressure CV (OR = 1.589,95 % CI 1.273–1.983) and diastolic blood 
pressure CV (OR = 1.363,95 % CI 1.150–1.616) were significantly correlated with Fazekas score (P < 0.05) [43]. Moreover, some 
studies have further pointed out that both short-term SBPV and long-term SBPV cause varying degrees of damage to WMH [32,44]. 
After a 2-year follow-up, Starmans et al. found that 24-h DBPV can promote WMH volume progression [44]. Therefore, controlling BPV 
may be beneficial for delaying the progression of WMH. Our study indicates a clear association between SBPV and LI (OR,2.49; 95 % 
CI,1.53–4.03 I2 = 0 %). Short-term SBPV has also been found to predict the risk of LI occurrence. Long-term SBPV is an important 
predictor of risk of all-cause death and cardiovascular mortality in patients with lacunar stroke [30,45]. Some studies have explored 
the correlation between BPV and CMB. In a study of 720 patients with ischemic stroke followed for 12–18 months, SBPV was found to 
be an independent risk factor for deep and subtentorial CMB progression [27]. Due to the lack of relevant literature, our study could 
not analyze the correlation between SBPV and CMB. However, there is a correlation between DBPV and CMB (OR,1.20; 95 % CI, 
1.06–1.36). Brauner et al. further suggested that DBPV increased the future occurrence of ICH in CMB patients (OR, 2.06, 95%CI, 
1.13–3.77) [46]. 

Circadian rhythms are crucial for regulating and maintaining normal physiological functions in the body. Non-dipping and reverse- 
dipping patterns are considered the strong predictors of cardiovascular and cerebrovascular disease mortality and damage from 
chronic kidney disease [47,48]. Xu et al. [49] studied 1996 patients with ischemic stroke (IS)/transient ischemic attack to evaluate the 
impact of different blood pressure patterns on stroke recurrence and found that the risk of stroke recurrence for reverse-dipping 
patterns over three months increased by 31 %. Few studies have examined the effect of blood pressure rhythm on CSVD. Our find-
ings suggest that non-dipping and reverse-dippers patterns were strongly associated with CSVD imaging markers (WMH, LI, CMB) and 
were risk factors contributing to a high prevalence of CSVD. This may be related to abnormal blood pressure rhythms, vascular 
endothelial dysfunction, decreased sensitivity of the baroreceptor reflex, autonomic nervous system dysfunction, and other factors [50, 
51]. Factors and diseases that can cause such physiological changes in these patients include age, diabetes, neurodegenerative diseases, 
chronic kidney disease, and obstructive sleep apnea [52,53]. 

Table 2 
Certainty of evidence and summary effect estimates assessed by GRADE (grading of recommendations, assessment, development, and evaluation) of 
the study outcomes.  

Outcomes Summary of findings Quality assessment Certainty of 
evidence 

No. 
studies 

OR (95%CI) Study 
designa 

Inconsistencyb Indirectness Imprecisionc Other 
consideration 

SBPV and CSVD total 
burden 

6 1.16 
(1.08–1.25) 

serious serious not serious serious Funnel plot bias ⊕ΟΟΟ 
VERY LOW 

SBPV and WMH 5 1.10 
(1.06–1.14) 

serious serious not serious serious Funnel plot bias ⊕ΟΟΟ 
VERY LOW 

SBPV and LI 2 2.49 
(1.53–4.03) 

not serious not serious not serious not serious none ⊕⊕ΟΟ 
LOW 

DBPV and CSVD total 
burden 

2 1.43 
(1.17–1.75) 

not serious not serious not serious not serious none ⊕⊕ΟΟ 
LOW 

DBPV and WMH 2 1.12 
(1.04–1.19) 

serious serious not serious serious none ⊕ΟΟΟ 
VERY LOW 

DBPV and CMB 3 1.20 
(1.06–1.36) 

serious serious not serious serious none ⊕ΟΟΟ 
VERY LOW 

Reverse dipper and 
WMH 

3 1.72 
(1.33–2.22) 

serious not serious not serious not serious none ⊕ΟΟΟ 
VERY LOW 

Reverse dipper and 
CMB 

2 2.43 
(1.57–3.76) 

serious not serious not serious not serious none ⊕ΟΟΟ 
VERY LOW 

Non-dipper and 
WMH 

2 2.07 
(1.43–2.99) 

not serious not serious not serious not serious none ⊕⊕ΟΟ 
LOW 

Non-dipper and LI 2 2.94 
(2.05–4.22) 

serious very serious not serious not serious none ⊕ΟΟΟ 
VERY LOW 

Downgraded by one level if Funnel plot bias. 
a Downgraded by one level if moderate risk of bias studies. 
b Downgraded by one level if heterogeneity (I2) >50 %, Downgraded by two level if heterogeneity (I2) >75 %. 
c Downgraded by one level if the limits of the 95 % CI for risk estimates are wide or cross a minimally important difference of 10 % for outcomes. 
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BPV is closely related to CSVD neuroimaging markers and CSVD total burden. In our study, SBPV, DBPV, non-dipping and reverse- 
dipping patterns were more closely related to CSVD. Rational blood pressure reduction is essential for patients with CSVD. Therefore, 
BPV intervention is important in controlling the development of CSVD [32,34]. Further, studies are needed to evaluate the significance 
of BPV in the early diagnosis and prevention of CSVD. 

5. Limitations of the study 

First, in our systematic review and meta-analysis, heterogeneity and bias was obvious, likely due to significant differences across all 
studies, in terms of design methods, inclusion criteria, data collection, and analysis, thus affecting the results of the meta-analysis; 
Additionally, in the included studies, the Asian population accounted for a large proportion, compared with the non-Asian popula-
tion, resulting in a demographic bias. CSVD is more common in Asians than in Caucasians [54,55]. Thus, regional differences in CSVD 
are worth consideration. Second, due to an insufficient number of existing studies, we did not explore the relationship between BPV 
and EPVS expansion. Finally, many cross-sectional studies were included in our meta-analysis, and large-scale prospective cohort 
studies or randomized controlled trials are required for a more comprehensive analysis. 

6. Conclusion 

In this systematic review and meta-analysis of observational studies, blood pressure variability correlates with neuroimaging 
markers of cerebral small vessel disease and its burden. Hence, early monitoring and intervention of blood pressure variability may be 
essential for the early diagnosis, prevention and treatment of cerebral small vessel disease. 
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