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AbsTrACT
background High blood pressure variability (BPV) is a 
novel risk factor for cardiovascular disease. However, 
the heterogeneity of systolic blood pressure variability 
(SBPV) and diastolic blood pressure variability (DBPV) 
for different vascular events remains unclear. This study 
aims to investigate whether SBPV or DBPV has different 
contribution to vascular events in patients with acute 
ischaemic stroke (IS) or transient ischaemic attack (TIA).
Methods Data from the BOSS (blood pressure and 
clinical outcome in TIA or IS) study were examined for 
vascular events at 3- month and 1- year follow- up. BPV 
was defined as the SD and coefficient of variation (CV) of 
day- to- day measurements within 3 months after IS/TIA. 
Vascular events include cardiovascular events (myocardial 
infarction, unstable angina, cardiac death and congestive 
heart failure) and cerebrovascular events (ischaemic or 
haemorrhagic stroke). Logistic regression model was used 
to test the associations between BPV and vascular events.
results Of 2325 patients with IS or TIA, 103 (4.43 %) 
experienced a recurrent stroke and 64 (2.75 %) had 
cardiovascular events within 3 months. Day- to- day SBPV 
was only associated with stroke recurrence (BPVSD: OR, 
1.72, 95% CI 1.09 to 2.71; BPVCV: 1.86, 95% CI 1.19 to 
2.92), but not cardiovascular events (BPVSD: 1.67, 95% CI 
0.94 to 2.94; BPVCV: 1.51, 95% CI 0.86 to 2.64). However, 
DBPV seems to be related to both stroke (BPVSD: 1.60, 95% 
CI 1.02 to 2.49; BPVCV: 1.53, 95% CI 0.99 to 2.37) and 
cardiovascular events (BPVSD: 2.48, 95% CI 1.37 to 4.48; 
BPVCV: 1.92, 95% CI 1.09 to 3.36). Similar results were 
found at 1 year.
Conclusions For patients with IS/TIA, stroke recurrence 
was associated with both SBPV and DBPV; however, 
cardiovascular events seem to be only related to DBPV.

InTroduCTIon
High blood pressure variability (BPV) is a 
novel risk factor for cardiovascular disease, 
independent of mean blood pressure (BP).1–3 
In 2010, Rothwell and colleagues2 published 
a comprehensive series of analyses from four 
studies showing an association between visit- 
to- visit variability (VVV) of systolic blood pres-
sure (SBP) and vascular events in patients 
with transient ischaemic attack (TIA); 
however, variability in diastolic blood pressure 
(DBP) was not a predictor. Meanwhile, the 

STABILITY (darapladib vs placebo in patients 
with established coronary heart disease) trial 
suggested that, in patients with stable coro-
nary heart disease, higher VVV of both SBP 
and DBP was a strong predictor of cardiovas-
cular events, but not of stroke.4 Studies on the 
associations between systolic blood pressure 
variability (SBPV) and diastolic blood pres-
sure variability (DBPV) with stroke and cardi-
ovascular outcomes have yielded conflicting 
results. The underlying mechanism leading 
to this discrepancy remains unclear. Which 
organ is more vulnerable to the fluctua-
tion of BP: brain or heart? A study from the 
ARIC (Atherosclerosis Risk In Communi-
ties) cohort reported that a DBP <60 mm Hg 
was associated with incident coronary heart 
disease and mortality, but not with stroke.5 
It is therefore reasonable to hypothesise that 
SBPV and DBPV may have different contribu-
tion to cerebrovascular events and cardiovas-
cular events.

Achieving intensive SBP reductions will 
inevitably also trigger fluctuation in DBP. 
With SPRINT (Systolic Blood Pressure Inter-
vention Trial) reporting a beneficial effect 
of intensive SBP reductions among high- risk 
adults without diabetes,6 it is requisite to 
discuss the heterogeneity of SBPV and DBPV 
for different vascular events. Consequently, 
the objective of the present study was to 
examine SBPV or DBPV as a risk factor sepa-
rately, assessed day to day within 3 months, 
for cardiovascular and cerebrovascular events 
in patients with acute ischaemic stroke (IS) 
or TIA, and to investigate whether SBPV or 
DBPV has different contribution to vascular 
events.

MeThods
study design
Details of the BOSS study (blood pressure 
and clinical outcome in TIA or IS), study 
design, rationale, and baseline characteristics 
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Figure 1 Flow chart of the study.

BOSS, blood pressure and clinical outcome in TIA or IS.

were published elsewhere.7 Briefly, BOSS was a nation-
wide, hospital- based, longitudinal cohort study that was 
conducted at 61 hospitals in China. Between October 
2012 and February 2014, 2608 patients who met the 
following inclusion criteria were recruited: 18 years of 
age or older, diagnosed with acute IS or TIA, and within 7 
days of the index event. In this substudy, patients without 
completed BPV or were lost to follow- up at 1 year were 
excluded.

Assessment of bPV
After enrolment, each patient was assigned a semiauto-
matic upper- arm BP monitor (HEM-4030; Omron, Kyoto, 
Japan), and patients or their accompanying relatives were 
trained by nurses to use it. BP was measured by patients 
themselves or their relatives, and BP data were recorded 
in an assigned BP diary. Patients were asked to measure BP 
twice daily within 3 months after onset. We used the mean 
of morning BP and evening BP as the 1- day BP value. SBP 
and DBP were both collected. All participants enrolled 
had at least 3 days of BP measurements. Day- to- day BPV 
was expressed as SD and coefficient of variation (CV). 
SD and CV were calculated by the following formula: 

 
SD =

√
∑m

k=1

(
BPk −

−
BP

)2
/
(
n − 1

)
 
 and  CV = SD

√
BP .

Follow-up and outcomes
Patients were followed up for clinical outcomes at 3 
months through face- to- face interview and at 12 months 
by telephone. We would call back patients with non- fatal 
events for a face- to- face follow- up or carry out a home 
visit. Follow- up through telephone or face- to- face was 
conducted by trained site coordinators. End- point eval-
uation included recurrent stroke and cardiovascular 
disease. Recurrent stroke was defined as a new stroke 
event (ischaemic or haemorrhagic), accompanied by a 
new lesion on MRI or CT of the brain.8 Cardiovascular 
events included myocardial infarction, unstable angina, 
cardiac death and congestive heart failure.

statistical analysis
Continuous variables were described by mean±SD. Cate-
gorical variables were described by frequencies and 
percentages. In the univariate analysis, Kruskal- Wallis test 
was used for comparisons of skewed continuous variables 
and ordinal variable. Categorical variables were compared 
with the χ2 statistics or Fisher’s exact test as appropriate.

Patients were classified into two divisions by SBPV > 
mean level and SBPV < mean level, or by DBPV > mean 
level and < DBPV mean level. χ2 statistics were used to 
compare differences in event rates between groups. 
The associations of SBPV and DBPV with recurrence of 
stroke and cardiovascular events were investigated using 
multivariable logistic regression models. Variables were 
adjusted in the multivariable analyses if established as 
traditional predictors for recurrent stroke or associated 
with BPV in univariate analysis with a value of p<0.2. The 
models were first unadjusted and then adjusted for age, 

gender, body mass index, medical history (hypertension, 
diabetes mellitus and dyslipidaemia), qualifying event, 
and concomitant medication after enrolment (anti-
platelet, antilipid and antihypertension) and mean SBP 
in 3 months.

A two- sided p value of <0.05 was considered to indicate 
statistical significance. SAS V.9.4 software was used for all 
statistical analyses.

resulTs
Characteristics of subjects
Of 2608 patients in the BOSS study, 283 were excluded 
(106 patients without completed baseline information or 
BPV data and 177 patients without follow- up at 1 year), 
and 2325 patients were included in the final analysis. A 
flow chart of the study is shown in figure 1. The main base-
line characteristics of the included subjects are shown in 
table 1. Among the 2325 patients included, the mean age 
was 62.52 years and 762 (32.77%) were female. The mean 
SBP and DBP within 3 months were 136.85±11.14 mm Hg 
and 79.47±7.88 mm Hg, respectively.

Clinical outcomes and profiles of bPV
Of 2325 patients with IS or TIA, 103 (4.43 %) experi-
enced recurrent stroke and 64 (2.75 %) had cardiovas-
cular events within 3 months. The cumulative occurrence 
of recurrent stroke and cardiovascular events was 5.89% 
and 4.30% within 1 year, respectively.

The median SBPVSD and SBPVCV were 8.47 and 6.25. 
Likewise, the median DBPVSD and DBPVCV were 5.50 and 
7.04, separately. Patients were divided into two groups 
according to the median BPV. Compared with patients in 
the low SBPV group, patients in the high SBPV group had 
a higher rate of stroke recurrence at 3 months. Congru-
ously, there was also a statistically significant difference in 
stroke recurrence in patients with high and low DBPV at 
3 months (figure 2A). However, there was no statistical 
difference between groups by SBPV in terms of cardio-
vascular event rate, while patients with higher DBPV had 
an increased rate of cardiovascular events compared with 
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Table 1 Main baseline characteristics of participants

Variable Participants (N=2325)

Age, mean±SD 62.5±11.1

Female, n (%) 762 (32.8)

BMI, mean±SD 24.9±3.4

Medical history, n (%)

  Stroke/TIA 563 (24.2)

  Hypertension 1636 (70.4)

  Diabetes mellitus 134 (5.8)

  Dyslipidaemia 242 (10.4)

  Coronary heart disease 264 (11.4)

  Atrial fibrillation 81 (3.5)

Current or previous smoking, n (%) 1011 (43.5)

Moderate or heavy drinking, n (%) 398 (17.1)

Qualifying event, n (%)

  TIA 266 (11.4)

  IS 2059 (88.6)

SBP   

  Mean SBP 135.4±11.9

  SD- SBP 9.1±4.0

  CV- SBP 6.8±3.4

DBP   

  Mean DBP 79.7±8.8

  SD- DBP 6.6±5.0

  CV- DBP 8.2±5.8

Concomitant medication

  Antiplatelet 2258 (97.1)

  Antilipid 2115 (91.0)

  Antihypertension 1542 (66.3)

Mean SBP is mean systolic blood pressure in 3 months.
BMI, body mass index; CV, coefficient of variation; DBP, diastolic 
blood pressure; IS, ischaemic stroke; SBP, systolic blood 
pressure; TIA, transient ischaemic attack.

patients in the low DBPV group at 3 months (figure 2B). 
Similar results were found at 1 year, although the trend 
was weaker than 3 months. The event rates and proba-
bility values are presented in figure 2C,D.

Additionally, no interaction between SBPV and age 
was found for stroke (p=0.50) or cardiovascular events 
(p=0.85), and neither between DBPV and age for stroke 
(p=0.25) or cardiovascular events (p=0.70).

Predictive powers of bPV indices
Multivariable logistic regression analyses were used to 
investigate the association between different BPV indices 
with stroke recurrence and cardiovascular events. After 
adjustment for potential confounders, SBPV was asso-
ciated with stroke recurrence at 3 months. Compared 
with SBPV, a relative but weaker association was observed 
between DBPV and stroke recurrence. However, in the 
same setting, there was no statistical significance between 
SBPV and cardiovascular events. In contrast, DBPV 

was strongly associated with cardiovascular events at 3 
months. The unadjusted and adjusted ORs with 95% CIs 
at 3 months are shown in figure 3.

The results at 1 year showed consistent but weaker 
tendency compared with those at 3 months. SBPV was 
associated with stroke recurrence at 1 year. Although 
not significant, there was a trend for high DBPVSD to 
be related to stroke recurrence. With regard to cardio-
vascular events, multivariable logistic analysis showed 
that SBPV had no association with cardiovascular events, 
whereas DBPV remains associated. The unadjusted and 
adjusted ORs with 95% CIs at 1 year are shown in figure 4.

dIsCussIon
The present study was based on hospital- based, prospec-
tive cohort study aiming to assess BP parameters and clin-
ical outcome in a Chinese population of patients with 
acute IS or TIA. The following are the main findings: (1) 
both SBPV and DBPV were associated with stroke recur-
rence; and (2) DBPV was a strong predictor of cardiovas-
cular events, whereas there was no observed association 
between SBPV and cardiovascular events.

SBPV was more often investigated and reported in 
comparison with DBPV. We have noticed that previous 
studies had mainly focused on subjects with SBPV and 
stroke, while reports regarding the association between 
DBPV and stroke have yielded inconsistent results. 
Studies conducted in 8811 patients ≥55 years with 
diabetes (69% with a history of hypertension) from the 
ADVANCE (Action in Diabetes and Vascular Disease: 
Preterax and Diamicron Modified Release Controlled 
Evaluation) trial9 found no association between BPV and 
stroke. In a large cohort of 3 285 684 US veterans (63% 
with hypertension),10 greater SBPV was proven to be 
associated with a higher risk for stroke, while DBPV was 
not examined. Moreover, it has been shown in several 
previous studies that VVV in DBP had poor correlation 
with stroke.2 Both SBPV and DBPV showed associations 
with stroke recurrence in the analysis we conducted on 
patients with IS/TIA. Similar results were found at 1 year, 
although the trend was weaker than 3 months, since 
stroke recurrence happened more frequently during the 
acute phase of IS/TIA. The results of our study were, to 
some extent, consistent with a previous report from the 
Oxford Vascular Study.11 Moreover, we extended previous 
findings by assessment of BPV through day- to- day moni-
toring, enabling us to collect more reliable information.12

Another important finding of this study is that DBPV 
was not only associated with stroke, but was strongly asso-
ciated with cardiovascular events, even after adjusting for 
confounding variables. In contrast, a negative association 
was observed between SBPV and cardiovascular events. 
BPV parameters may play different roles between cerebro-
vascular and cardiovascular events. In Asia, the association 
between SBP level and stroke is stronger than the associ-
ation between SBP and ischaemic heart disease.13 Hata 
and colleagues14 showed that the coefficient of SBPV was 
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Figure 2 Comparison of stroke and cardiovascular event rates in patients with stroke/TIA at 3 months and 1 year with high and 
low systolic or diastolic blood pressure variability. (A) Stroke recurrence rate in patients with stroke/TIA at 3 months in different 
BPV groups. (B) Cardiovascular event rate in patients with stroke/TIA at 3 months in different BPV groups. (C) Stroke recurrence 
rate in patients with stroke/TIA at 1 year in different BPV groups. (D) Cardiovascular event rate in patients with stroke/TIA at 
1 year in different BPV groups. BPV, blood pressure variability; CV, coefficient of variation; DBP, diastolic blood pressure; SBP, 
systolic blood pressure; STD, standard deviation; TIA, transient ischaemic attack.

Figure 3 HR for cardiovascular events and stroke recurrence within 3 months according to the quartiles of SBP variability and 
DBP variability. Adjusted for age, gender, body mass index, medical history (hypertension, diabetes mellitus and dyslipidaemia), 
qualifying event, and concomitant medication (antiplatelet, antilipid and antihypertension) and mean systolic blood pressure in 3 
months. CV, coefficient of variation; DBP, diastolic blood pressure; SBP, systolic blood pressure; STD, standard deviation.

slightly greater in patients with stroke than in controls,15 
but not in patients with myocardial infarction. Consistent 
with the results of the present study, researchers from the 
Ohasama Study observed that the predictive power of 
SBPV level was only for stroke but not for cardiovascular 
disease.16 The results from the STABILITY trial showed 
that in patients with stable coronary heart disease, 

higher VVV of both SBP and DBP is a strong predictor 
of increased risk of cardiovascular events, but not stroke.4 
These results suggest that DBPV should merit more atten-
tion in predicting the risk of cardiovascular events. With 
all the attention on target SBP, DBP is often relegated 
to a footnote. Our findings reported that episodic fluc-
tuation in DBP might trigger cardiovascular events in a 
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Figure 4 HR for cardiovascular events and stroke recurrence within 1 year according to the quartiles of SBP variability and 
DBP variability. Adjusted for age, gender, body mass index, medical history (hypertension, diabetes mellitus and dyslipidaemia), 
qualifying event, and concomitant medication (antiplatelet, antilipid and antihypertension) and mean systolic blood pressure in 3 
months. CV, coefficient of variation; DBP, diastolic blood pressure; SBP, systolic blood pressure; STD, standard deviation.

population with established stroke or TIA. The SPRINT 
trial suggested a benefit of SBP <120 mm Hg; however, 
optimal DBP treatment goal is still in question.6 The 
problem raised by the study is whether treatment of SBP 
that produces high DBPV might inadvertently increase 
the risk for cardiovascular events in a stroke population.

Several mechanisms may explain the prognostic 
impact of different patterns of variability in BP. It is 
widely recognised that SBP control is the most important 
factor for preventing cerebrovascular and cardiovascular 
diseases.17–20 However, both SBP and DBP contribute to 
cerebral blood flow (CBF). Rapid, large falls in BP could 
reduce CBF, leading to extension of cerebral infarc-
tions.21 In ischaemic areas of the brain during stroke, 
CBF becomes dependent on mean arterial BP, which 
is equal to (SBP + 2 DBP)/3. Previous analyses have 
demonstrated that stroke was best predicted by mean 
arterial BP,22 23 compared with other BP parameters. The 
small penetrating end arteries, which supply the medial 
and basal portions of the brain and brainstem, seem to 
be particularly vulnerable to the adverse effects of high 
BP, in as much as these arteries arise directly from the 
main arterial trunks. Furthermore, greater BPV is asso-
ciated with greater aortic stiffness and maladaptive 
carotid arterial remodelling.24 Endothelial dysfunction 
and subclinical inflammation have also been proposed 
as mechanisms underlying the association between BPV 
and outcomes.25–27 Additionally, the association between 
DBPV and cardiovascular events agrees with the key role 
of DBP in myocardial perfusion. As we have known, the 
heart is perfused during diastole. DBP plays a key role 
in myocardial perfusion. A marked increase in adverse 
cardiovascular outcomes was found for DBP values 
below 70 mm Hg according to results from an interna-
tional cohort study.28 The association of high DBPV with 

cardiovascular events in this study is consistent with the 
hypothesis that the risk is mediated through coronary 
perfusion pressure.

The BOSS study had several advantages. For example, 
each patient enrolled was assigned a semiautomatic 
upper- arm BP monitor (HEM-4030; Omron), which 
made measurements of BP more standard. Additionally, 
BPV was assessed day to day in this study which is less 
affected by circadian rhythm, the patient’s status and the 
conditions of BP measurement. Repeated assessment of 
BP values by patients themselves or relatives may offer a 
solid base to assess BPV during the long- term follow- up 
period.29 There are also known and potential limitations 
associated with the current analysis. First, the possibility 
of residual confounding cannot be fully eliminated in an 
observational study, although several important poten-
tial confounders have been controlled in multivariable 
adjusted models. Second, the follow- up duration in this 
study is 1 year, which is relatively short compared with 
previous studies on cardiovascular disease. This may 
lead to lower cumulative occurrence of cardiovascular 
events, because the disease emerges over a long period 
of time determined by its pathological characteristics. 
In addition, patients receive repeat neuroimaging and 
electrocardiographic examination only if they had new 
symptoms or diagnostic signs during the study’s follow- up 
period, which led to the inability to identify covert strokes 
or equally subclinical cardiovascular events.

ConClusIon
In summary, both SBPV and DBPV are associated with 
stroke, whereas DBPV but not SBPV may be more inform-
ative of cardiovascular disease in the Chinese IS popula-
tion. The predictive power of BPV indices for stroke and 
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cardiovascular events should be investigated in larger, 
population- based studies.
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