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Bingchao Xu, Xinyu Zhou and Mingli He*
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Objective: The aim of this study was to investigate the relationship between blood
pressure variability (BPV) and poststroke cognitive impairment (PSCI).

Methods: Seven-hundred ninety-six patients with acute ischemic stroke were included
in this study. Midterm BPV was evaluated by calculating the SD and coefficient of varia-
tion (CV, 100 x SD/mean) of systolic blood pressure (SBP) and diastolic blood pressure
during the 7 days after stroke onset. Cognitive function was assessed using the Montreal
Cognitive Assessment (MoCA) at admission and at all follow-up visits. Patients with
MoCA scores <26 were considered to have PSCI.

Results: The incidence of PSCI reached its peak (72%) 3 months after stroke onset
and decreased to 30.3% at 12 months poststroke. After adjusting for covariables, the
increase in the prevalence of PSCI at 3 months was independently associated with
increases in the CV of blood pressure during the 7 days after stroke [odds ratios and
95% Cl for patients in the second to fifth quintiles of SBP CV were 2.28 (1.18, 4.39), 2.33
(1.18, 4.62), 2.69 (1.31, 5.53), and 4.76 (1.95, 11.67), respectively]. Sub-analysis of the
MoCA scores revealed that the patients had impairments in visuoperceptual abilities and
executive functions, as well as in naming and delayed recall (o < 0.05).

Conclusion: Midterm BPV during the early phase of acute ischemic stroke is inde-
pendently associated with PSCI, especially in the visuoperceptual, executive, and
delayed recall domains.

Clinical Trial Registration: http://www.chictr.org.cn, identifier ChiCTR-TRC-14004804.

Keywords: stroke, cognitive impairment, Montreal Cognitive Assessment, blood pressure variability, subfactors

INTRODUCTION

Poststroke cognitive impairment (PSCI) involves deficits in memory, comprehension, perception,
language, and executive function (1). In the past 10 years, PSCI has been the subject of much
attention, as it leads to poor life quality, slow functional recovery, and higher mortality. Current
evidence suggests that PSCI occurs is about two-thirds of patients during the acute phase of
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ischemic stroke (2), and that 20-30% of patients with PSCI will
develop dementia (3).

Multiple factors have been found to lead to progression of
cognitive impairment and dementia after stroke. These include
older age, family history, genetic variations, poor educational
status, vascular comorbidities, and depression (4). Recently,
a cohort study of 6,506 elderly individuals who were followed up
for 8 years indicated that an increase of 1 SD in the coefficient
of variability of systolic blood pressure (SBP) or diastolic blood
pressure (DBP) is associated with an increase of about 10% in
the risk of dementia (5). Higher visit-to-visit blood pressure vari-
ability (BPV) has also been proved to be associated with cognitive
function impairment in the elderly (6). BPV has also been shown
to be associated with neurological impairment (7), progression of
brain white matter lesions (8), hemorrhagic transformation after
ischemic stroke (9), and poor long-term prognosis (10). However,
it is still unclear whether higher BPV is a cause or consequence
of PSCI.

Poststroke cognitive impairment is not a unitary disease,
but involves deficits in multiple domains. However, prospective
follow-up studies regarding long-term domain-specific cognitive
impairments are rare (11). The aim of this study was to investigate
the relationship between BPV and PSCI and the prevalence of
domain-specific cognitive impairment.

MATERIALS AND METHODS
Study Design and Participants

We carried out a single-center, prospective, observational study.
The protocol of this study was registered with Chinese Clinical
Trial Registry (ChiCTR-TRC-14004804; http://www.chictr.org.
cn/index.aspx) and derived from the expanded content of “stroke
risk assessment form” and “follow-up table” determined by
“stroke risk factors screening and intervention project,” People’s
Republic of China Health Committee. Acute stroke was defined
as the sudden attack of neurological deficit of cerebrovascular
cause for more than 24 h. Computed tomography (CT) and
magnetic resonance imaging (MRI) were used to diagnose
stroke, to distinguish hemorrhage and ischemia, and to divide
up the infarcts into the anterior and posterior depending on
the location and area. The infarct volume was calculated by the
Pullicino formula (12). From January 2013 to June 2014, 986
consecutive patients with acute ischemic stroke were registered
in the Stroke Registry database. The study was approved by the
ethic committee of the First People’s Hospital of Lianyungang
(No. Lianyungang-2012-06) and written informed consent was
obtained from each patient or his/her proxy.

Inclusion and Exclusion Criteria

Patients meeting all of the following criteria were eligible to
participate in our study: acute ischemic stroke within 24 h of
onset, identified signs of focal neurological dysfunction, the
National Institutes of Health Stroke Scale (NIHSS) scores >4, and
the total scores >2 of the fifth motor arm and the sixth motor leg
on NIHSS, ages between 40 and 75 years and SBP > 140 mmHg
and/or DBP > 90 mmHg.

Patients meeting any of the following criteria were excluded
from the study: severe disturbance of consciousness identified by
a level of consciousness score >1 on the NIHSS (21 patients);
modified Rankin Scale score >1 before stroke onset (no patients);
severe mental disorder or dementia (7 patients); serious systemic
diseases or expected life span <90 days (24 patients); alanine
transaminase or aspartate aminotransferase >2.0, which is at
the upper limit of normal, or severe liver disease (23 patients);
estimated glomerular filtration rate <30 ml/min/1.73 m? or sever
kidney disease (13 patients); aphasia (n = 36), inability to com-
plete the Montreal Cognitive Assessment (MoCA) (n = 41); or
being considered inappropriate (living or working non-local and
have a lower degree of integrity) for the study (n = 25) (Figure S1
in Supplementary Material).

Management and Measurement of Blood

Pressure
Patients with acute ischemic stroke were treated according to
the 2010 Chinese Guidelines for the diagnosis and treatment
of acute ischemic stroke. The antihypertensive strategies were
in accordance with the 2010 Chinese Guidelines for Prevention
and Treatment of Hypertension (13, 14). During the first 24 h
of hospitalization, SBP and DBP were controlled to between 140
and 159 mmHg, and 90 and 99 mmHg, respectively. Patients
with SBP > 180 mmHg and DBP > 120 mmHg were given
nitroglycerine or sodium nitroprusside intravenous pump. The
rate of blood pressure reduction was controlled at <5 mmHg/h
by adjusting the dose of the medication. For patients with SBPs
of 160-180 mmHg and/or DBPs of 100-120 mmHg, single
or combined antihypertensive drugs were administered. For
patients with SBP < 160 mmHg and/or DBP < 100 mmHg at
admission, no antihypertensive drugs were given. After the first
24 h of hospitalization, patients with SBP > 140 mmHg and
DBP > 90 mmHg were given reasonable antihypertensive drugs.
Supine BP was measured by trained nurses using a standard
mercury sphygmomanometer on the non-paralyzed arm on
admission and every 4 h on days 1-7. In the stroke unit, BP was
measured using a non-invasive BP monitoring system (Philips
SureSigns VM6 monitor; Royal Dutch Philips Electronics Ltd.,
Amsterdam, Netherlands). Midterm BPV was evaluated by cal-
culating the SD and coefficient of variation (CV, 100 X SD/mean)
of SBP and DBP during the 7 days after stroke onset (15).

Clinical Assessment

Ischemic stroke was defined as stroke identified by radiographic
diagnosis (CT or MRI) and clinical diagnosis (16). The acute
phase of ischemic stroke was defined as the 7 days following
symptom onset (17). The infarct volume on CT/MRI (diffusion-
weighted imaging/fluid attenuated inversion recovery) images
was calculated using the Pullicino equation (net infarct vol-
ume = L X W X H/2; L, W, and H refer to the length, width,
and height of the infarct lesion, respectively) (12). Thrombolytic
therapy was defined as intravenous administration of recombi-
nant tissue-type plasminogen activator (rt-PA) within 4.5 h of
symptom onset or catheter-directed thrombolysis using rt-PA
within 12 h of symptom onset.
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Judgment of Outcomes and Follow-up

All participants were followed up 14 days, 3 months, 6 months,
and 12 months after onset by trained neurologists. In this study,
cognitive function was assessed using the MoCA. Patients with
MoCA scores <25 and education levels <12 years or those with
MoCA scores <26 and education levels >12 years were con-
sidered cognitively impaired (18). A study by Nasreddine and
his colleagues demonstrated that the MoCA has a sensitivity of
90% and a specificity of 87% when a cutoff score of 26 is used
(19). It is also reported that the MoCA is an effective and brief
tool for detecting cognitive impairment in the elderly (20) and
is more in line with the criteria for mild cognitive impairment
than the Mini-Mental State Examination in populations older
than 60 years (21).

At the 1-year follow-up, 62 patients had died and 124
patients were lost (Figure S1 in Supplementary Material). The
patient deaths were due to pulmonary infection, recurrence of
cerebral infarction, cerebral hemorrhage, myocardial infarc-
tion, gastrointestinal bleeding, liver and kidney failure, or other
complications. Loss to follow-up was due to the patients not
agreeing to repeat the MoCA, or loss of contact due to changes
in residence. Six-hundred ten patients were left at the 12-month
follow-up.

Sample Size Estimation
According to the sample size calculation formula for cohort

studies:
g (Har\2Pq + tipy oo + P )’

(pr=po)’

in which p, is the estimated prevalence of cognitive impairment,
p1 is the estimated prevalence of PSCI, go =1 — po, g1 =1 — py,
p = (po+p1)/2, g =1 — p. u, and ug are the significance testing
statistic, a« = 0.05, p = 0.10. The calculated sample size required
for the study was 115, based on those estimations that the
prevalence of cognitive impairment and PSCI were 12.7 and
30% (22, 23).

Statistical Analysis

Normally distributed continuous variables are presented as
means + SDs and were compared using Student’s t-tests. Not
normally distributed variables were presented as median (inter-
quartile range) and were compared between groups using Mann-
Whitney U test. Categorical variables are expressed as frequency
and percentage and were compared using y* tests. To evaluate
the association between midterm BPV and cognitive function,
patients were divided into quintiles (Q1-Q5) according to the CV's
of SBP and DBP during the 7 days after stroke onset. The odds
ratios (ORs) and 95% confidence intervals (CIs) were calculated
by logistic regression and the following confounders was adjusted
age, gender, education degree (less than 12 years), hypertension,
SBP and DBP on admission, CIV, location of infarction (cortex,
cortex-subcortical, subcortical, brain stem, and cerebellum),
HAMD, and thrombolytic therapy. p Values <0.05 were considered
statistically significant. Data were analyzed using SPSS.v19.0.1
software package.

RESULTS

Clinical Characteristics

The clinical characteristics of the 708 patients are presented
according to the presence of cognitive impairment 3 months
after stroke onset, the patients who had died and those lost to
follow-up are excluded from the data (Table 1). The average age
of these patients was 63.1 + 10.0. Three-hundred eighty-three
of the patients (54.1%) were men and 561 (79.2%) had less than
12 years of education. Compared to patients with no cognitive
impairment, those with cognitive impairment were more likely to
be older and have lower education levels and higher blood pres-
sure on admission. They were also more likely to have a history
of hypertension and lower NIHSS scores and to have received
thrombolysis (Table 1). Patients with cognitive impairment also
had higher CVs of blood pressure, cortical and subcortical infarc-
tion, large artery atherosclerosis, and small-artery occlusion, as
classified by the guidelines of Trial of Org 10172 in Acute Stroke
Treatment (TOAST) (Table S1 in Supplementary Material).

MoCA Score and Incidence of PSCI

The incidence of PSCI began to rise at 14 days after onset (31.6%)
and peaked 3 months after the stroke (72.6%). Six months after
stroke onset, the incidence of PSCI began to decrease (66.5%).
It reached the baseline level 12 months after the stroke (34.7%)
(p < 0.05). A reciprocal trend for MoCA scores is shown in
Figure 1.

Cognitive Impairment and BPV

Simple comparisons between patients with no cognitive impair-
ment and those with cognitive impairment indicated that the two
groups had differences in age, education level (more vs. less than
12 years), hypertension, systolic and DBP at admission, TOAST
classification, location of infarction, NIHSS score at admission,
and the use of thrombolysis (all p < 0.05) (Table 1; Table SI in
Supplementary Material). Logistic analysis indicated that the
CV of SBP had a significant association with PSCI, and that
this relationship still existed after multi-parameter adjustments.
When compared to patients in Q1, the adjusted ORs and 95%
CIs of those in Q2-Q5 were 2.28 (1.18, 4.39), 2.33 (1.18, 4.62),
2.69 (1.31, 5.53), and 4.76 (1.95, 11.67) (Table 2). The risk fac-
tors for PSCI are shown in Table S2 in Supplementary Material.
Men were more likely to have cognitive impairment than women
(OR=1.08,95% CI =1.06, 1.10), and lower education levels (less
than 12 years) (OR = 7.72, 95% CI = 4.73, 12.61). These factors
are both associated with an increased likelihood of cognitive
impairment. Hypertension (OR = 2.07, 95% CI = 1.15, 3.72) and
higher NIHSS scores at admission (OR = 1.33, 95% CI = 1.24,
1.44) were also more likely to increase the incidence of PSCI
(Table S2 in Supplementary Material).

MoCA Score in Each Cognitive Domain
3 Months after Stroke Onset and CV
during the 7 days after Stroke Onset

Table 3 shows the relationship between MoCA scores in each
cognitive domain 3 months after stroke onset and the CV of SBP
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TABLE 1 | Comparison of baseline characteristics between patients with and without cognitive impairment 3 months after onset.

Variable Total (n = 708) No cognitive Cognitive impairment tvalue,U p-Value
impairment (n = 198) (n =510) value y?
Age (mean + SD, years) 63.1 +10.0 58+ 11.6 65.1 +8.5 -8.972 <0.001
Males (n, %) 383 (54.1) 115 (58.1) 268 (52.6) 1.758 0.185
Body mass index (mean + SD, kg/m?) 257 +2.8 25.6 +2.9 25,8+ 2.8 -0.740 0.460
Less than 12 years of education (n, %) 561 (79.2) 115 (58.1) 446 (87.5) 74.783 <0.001
Hypertension (n, %) 624 (88.1) 160 (80.8) 464 (91.0) 14114 <0.001
Hyperlipidemia (n, %) 397 (56.1) 112 (56.6) 285 (55.9) 0.027 0.869
Diabetes mellitus (n, %) 161 (22.7) 47 (23.7) 114 (22.4) 0.156 0.693
Coronary heart disease (n, %) 96 (13.6) 26 (13.1) 70 (13.7) 0.043 0.836
Atrial fibrillation (n, %) 139 (19.6) 46 (23.2) 93 (18.2) 2.257 0.133
History of TIA (n, %) 114 (16.1) 32 (16.2) 82 (16.1) 0.001 0.978
Current smoking (n, %) 211 (29.8) 63 (31.8) 148 (29.0) 0.534 0.465
Current drinking (n, %) 152 (21.5) 40 (20.2) 112 (22.0) 0.262 0.609
Systolic blood pressure (mean + SD, mmHg) 168 + 25.0 165 +24.8 169.1 + 25.0 -2.002 0.046
Diastolic blood pressure (mean + SD, mmHg) 107.9+16.4 105.7 + 16.5 108.7 £ 16.3 -2.148 0.082
Homocysteine (mean + SD, pmol/l) 141 +1.7 14 £1.7 142 +1.7 —1.459 0.145
eGFR (mean + SD, ml/min/1.73m?) 95.6 + 10.5 96.6 + 10.6 95.2 +10.4 1.574 0.116
National Institutes of Health Stroke Scale on admission (median, 11.0 (4.0) 9.0 (3.0 12.0 (4.0) 28,736.5 <0.001
interquartile range)
Modified Rankin Scale on admission (median, interquartile range) 3.0 (0) 3.0 (0) 3.0 (0) 48,476.5 0.301
HAMD (mean + SD, points) 35+21 3.7+2A1 34+20 1.892 0.059
CIV (mean + SD, cm?) 101 £ 2.1 101 £ 2.1 101 £ 2.1 0.273 0.785
Thrombolysis (n, %) 51(7.2) 23(11.6) 28 (5.5) 8.007 0.005
40 - 100
[ ]MoCA Score
[ JIncidence of PSCI
32t b 480 __
—~ x
€ a - a b a 1 <
3 —
S 24r = 1 a I 0= O 160
o
e | Ea e
®» 16 b b 140 8
< c
3 T T
o 'G
=S 8fF 420 g
0 T . T : I . T : . 0
AD 14d 3m 6m 12m
Time
FIGURE 1 | Changes in the incidence of poststroke cognitive impairment (PSCI) and MoCA scores during the follow-up period. AD, at admission. 2 < 0.05
compared to MoCA score at admission. b0 < 0.05 compared to PSCI at admission.

during the 7 days after stroke onset. Score in the visuoperceptual/
executive and delayed recall domains were significantly different
between patients with different SBPs. In addition, MoCA scores
had an inverse relationship with the CV of SBP (all p < 0.05).
Patients in Q4 and Q5 had lower scores in the naming domain
than those in Q2 and Q3 (p < 0.05). Score on the abstraction
domain were lower in patients in Q2 than in those in Q1 (p < 0.05).
Patients in Q5 had lower scores in the orientation domain than
those in Qland Q2 (p < 0.05). Patients in Q4 had lower scores
in the language domain than those in Q5 (p < 0.05). There were
no significant differences in the cognitive domains of attention
between the groups (all p > 0.05) (Table 3).

Cognitive Impairment and Site of Cerebral

Infarction

After adjusting for covariables, Cortical-subcortical and subcor-
tical infarctions were more likely to lead to PSCI than cortical
infarctions [ORs and 95% CIs were 2.03 (1.12, 3.65) and 2.86
(1.54, 5.33), respectively] (Figure 2).

DISCUSSION

Our findings suggest that high midterm BPV within 7 days
of stroke onset is independently associated with an increased
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TABLE 2 | Logistic regression analyses of CV during the 7 days following onset and cognitive impairment 3 months after onset.

Variables E/R, n (%) Unadjusted Model | Model Il Model Il

OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value

CV of systolic blood pressure

Q1 (4.5-7.7) 85/143 (59.4) Ref - Ref - Ref - Ref -
Q2 (7.8-8.1) 99/136 (72.8)  1.90(1.11,3.25)  0.019  1.95(1.10,3.43)  0.021 1.87(1.01,3.47) 0047  2.28(1.18, 4.39) 0.014
Q3(8.2-85)  106/142 (74.6) 2.21(1.26,3.89) 0006  2.23(1.22,4.08) 0009  2.12(1.11,4.04) 0022  2.33(1.18, 4.62) 0.015
Q4(8.6-9.2)  107/143(74.8) 2.39(1.33,4.27)  0.003  2.40(1.29,4.48)  0.0068  2.44(1.24, 4.8) 0.010  2.69 (1.31, 5.53) 0.007
Q5(9.3-15.1)  113/144(78.5) 3.31 (1.61,6.84)  0.001 3.29(1.53,7.08) 0002  4.08(1.75,9.5) 0.001 476 (1.95,11.67)  0.001
CV of DBP

Q1 (3.7-6.9 90/136 (66.2 Ref - Ref - Ref - Ref -

) (66.2)

Q2(7.0-7.5)  100/142 (70.4)  0.89 (0.51, 1.54
Q3(7.5-82)  114/146 (78.1)  1.24 (0.69, 2.21
Q4 (8.2-8.8) 97/140 (69.3)  0.66 (0.36, 1.21
Q5(8.8-14.6)  109/144 (75.7)  0.72(0.35, 1.48

0.675 0.83(0.46, 1.49
0.474 1.14(0.61, 2.10
0.178 0.60 (0.31, 1.13
0.369 0.63(0.29, 1.36

0.534 0.67 (0.35, 1.28) 0.225 0.57
0.685 0.86 (0.43, 1.69) 0.655 0.98
0.113 0.41 (0.2, 0.85) 0.017 0.31
0.244 0.33(0.13, 0.86) 0.024 0.27

0.28, 1.15) 0.116
0.48, 2.01) 0.954
0.14, 0.68) 0.004
0.1, 0.74) 0.011

Model | was adjusted for age and gender; Model Il was based Model | plus education degree (less than 12 years), hypertension, SBP and DBP on admission, CIV and location of
infarction (cortex, cortex-subcortical, subcortical, brain stem, and cerebellum); Model lll was Model Il plus National Institutes of Health Stroke Scale and thrombolytic therapy.
E/R, event/risk.

TABLE 3 | The relationship of MoCA score in each cognitive domain at 3 months and CV of systolic blood pressure within 7 days of stroke onset.

Q1 (n = 143) Q2 (n = 136) Q3 (n = 142) Q4 (n = 143) Q5 (n = 144) F value p-Value
Total scores 23.6 +3.4 22.1+33 211+ 36 20.3+3.9 19.0+3.9 32.874 <0.001
Visuoperceptual/executive 3.3+1.3 27+1.4 21+15 156+15 1.0+1.3 64.339 <0.001
Naming 25+0.7 24 +09 24 +1 26+0.8 2.7+0.6 3.333 0.010
Abstraction 1.8+04 1.7+06 1.7+06 1.7+05 1.8+04 1.418 0.226
Orientation 51+13 5+13 52+ 13 52+ 1.1 54+141 2.037 0.087
Attention 48+15 4.7+16 47 +1.6 4.7 +15 45+16 0.461 0.764
Language 25+0.8 25+09 25+09 26+09 2.4 +0.8 1.211 0.305
Delayed recall 35+16 31+16 25+1.6 19+17 12+17 43.874 <0.001
Values are presented as mean + SD.
Location E/R, n(%) Unadjusted Model I Model I Model I
of infarction OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)
Cortex 94/141, 141(19.9) S J’ l T
Cortex-subcortical 180/242, 242(34. 2) -— +-O0- * —— o —— ¥
Subcortical 159/206, 206 (29. 1) -— * -O— * —_—— —_— k
Brain stem and
77/119, 119(16. 8) -+ —-— o -To—
Cerebellum
) 1 1 1 1 I 1 1 1 1 I 1 1 1 1 T T T T 1
01 2 3 435 012 3 45 012 3 45 012 3 435
P — L ol - R el
NO PSCI NO PSCI NO PSCI NO PSCI
FIGURE 2 | Logistic regression analyses of location of infarction and cognitive impairment 3 months after stroke onset. The multi-parameter model used is the same
as that used in Table 2.

risk for PSCI 3 months after the stroke. Our findings also indi-  risk factor for PSCI. In contrast, cardioembolism of TOAST
cate that male sex, low education levels, high NIHSS scores,  classification has no effects on cognitive impairment after
cortical-subcortical infarction, and subcortical infarction are  stroke.
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Blood pressure variability is a complex phenomenon that
includes short-term fluctuations occurring within a 24-h period,
midterm fluctuations over different days, and blood pressure
changes over weeks, months, and even years (24). These varia-
tions in BP are thought to be the result of complex interactions
between extrinsic environmental and behavioral factors and
intrinsic cardiovascular regulatory mechanisms (central neural,
reflexive neural, and humoral influences) that are not yet com-
pletely understood (15). Most importantly, high short-term BPV
is a predictor of target organ damage and future cardiovascular
events (25, 26). High midterm SBP variability in daytime was a
predictor of cardiovascular and all-cause mortality (27). In addi-
tion, a recent study has reported that higher midterm BPV was
associated with progression of brain white matter lesions and
lower cognitive function (28). The authors of the above study
suggest that higher BPV is a risk factor for lower hippocampal
volume and cerebral mircobleeds independent of average systolic
and DBPs. In some analyses, therefore, the predictive value of
BPV is even greater than that of average BP during treatment.

A recently study reported an increase in the incidence of
stroke in China (29), which may result in an increased preva-
lence of PSCIL. In our study, the incidence of PSCI reached its
peak 3 months after ischemic stroke onset. Changes in the inci-
dence of PSCI have an inverse relationship with MoCA scores.
Consistent with our findings, the incidence of cognitive impair-
ment 3 months after ischemic stroke was reported to be 71%
in a study of 409 middle age and elderly patients with cerebral
infarction (10). However, in the hospital-based cohort studies
of Thle-Hansen et al. (30) and Kandiah et al. (31), the incidence
of PSCI was 37.5% 1 year after stroke and 37.32% 6 months
after stroke. The broad range of reported PSCI incidence may
be mainly attributed to differences in race, age, education level,
location of stroke, and evaluation methods. We found that the
prevalence of PSCI reaches its peak 3 months after stroke and
decreases thereafter. It is, however, still unclear whether this
trend is a consequence of transient cerebral function disorders
and the recovery of stress injury.

The relationship between variability in blood pressure
during the acute phase of ischemic stroke and lower cognitive
performance 3 months after stroke onset was assessed using
multiple parameter logistic regression analysis in our study.
Independently of the confounding factors, SBP variability, but
not DBP variability, was found to significantly predict the occur-
rence of cognitive decline. Consistent with our results, a recent
epidemiological study (32) reported that day-to-day variability
in SBP is significantly related to cognitive impairment (OR, 1.51;
p = 0.02). In a study of 353 people, McDonald et al. (33) found
that daytime variability in blood pressure is independently
associated with greater decreases in total Cambridge Cognitive
Examination and Mini-Mental State Examination scores after
5 years of fellow-up. Qin et al. (34) have suggested that higher
visit-to-visit variability in systolic BP, but not mean systolic BP,
is a predictor of cognitive decline. This stronger relationship can
be explained by the fact that more information is provided by
measuring the variability of BP than mean BP (35). In addition,
the white-coat effect can be eliminated (36) and more target
organ damage can be revealed than when using conventional

BP measurements (37). However, Kilander et al. (38) suggested
24-h SBP was not associated with cognition. Other study of
community-living adults also found no association between
SBP and cognitive function (39). It may be explain from it, com-
munity-living adults were better able to automatically adjust the
effect of systemic SBP on cerebral blood perfusion, which keep
them with better baseline perfusion. Some studies have found
higher DBP variability was related to poorer cognitive function
(40), whereas in other studies no associated between variability
in DBP and cognitive function was found (41). However, in our
study, higher variability in DBP did not seem to be protective
for cognitive decline.

Nevertheless, the potential mechanism for the relationship
between high BPV and cognitive impairment is still unclear.
Recently, a study demonstrated that higher variability in BP,
especially in SBP, can predict the progress of arteriosclerosis
(42), lead to subcortical lesions (43), and contribute to the
pathogenesis of cerebral vascular disease (44). All of the above
factors may have negative impacts on cognitive function. Most
importantly, hypertension and further decreases in blood pres-
sure may reduce the coupling efficiency of the neurovasculature
and impair dynamic cerebral autoregulation, which would
then result in cerebral hypoperfusion. This may then lead to
neurological impairment (45) and lead to progressive neurode-
generation (46). Considering energy requirements and blood
supply, result in a neuronal energy crisis and cerebral hypome-
tabolism, which may in turn lead to Alzheimer’s disease-related
pathology (47).

Sub-analysis of the MoCA scale scores indicated that scores
in the visuoperceptual and executive functions domains, as
well as those for delayed recall, were decreased in individuals
with high BPV. This suggests that visuoperceptual abilities,
executive function, and delayed recall are more vulnerable
than other domains of cognition. Consistent with our findings,
a recent study showed that basal ganglionic lacunar infarcts
and cerebral small vessel injuries are related to dysfunctions
in delayed memory (48, 49). In addition, periventricular white
matter hyperintensities have significant associations with
executive function deficits (50). Using the same cohort as that
used here, we have previously reported that patients with large
artery atherosclerosis based on TOAST classification have lower
scores in the visuoperceptual ability and executive function, and
delayed recall and attention domains after correction for covari-
ables (51). The potential mechanisms underlying poststroke
cognitive decline are still unclear, although the cerebral cortex
and hippocampus are sensitive to cerebral ischemia and anoxia
(52), which may be a potential mechanism for impairment of
visuoperceptual abilities, executive function, and delayed recall
after stroke.

We also observed that cortical-subcortical and subcortical
infarctions are more likely to lead to PSCI. Our results are in
agreement with those of Hilal et al., who, in a study of 550
patients, reported that subcortical gray matter atrophy, such
as that indicated by lacunes and white matter lesions, is not
only observed in dementia but is also found in the preclinical
stages of cognitive impairment (53). Rocque et al. reported
that patients with large carotid plaques are more likely to have
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cognitive impairment (54). Pathophysiologically, multi-vessel,
extracranial atherosclerotic disease may cause chronic diffuse
brain hypoperfusion, which may be associated with cognitive
impairment (55).

Our study has some limitations. First, only ages between
40 and 75 years were included in our study and other inclusion
and exclusion criteria operated will influence BP variability and
could weaken the external validity of results. Second, the use
of different antihypertensive agents and other medications
may have affected the variability in blood pressure and the
relationship between BPV and poststroke cognition. What’s
more, the study also had selection bias, as only hospitalized
patients were enrolled, although this was inevitable. Another
limitation of this study is that obstructive sleep apnea, which
is associated with both BPV and cognitive dysfunction, could
not be measured.

CONCLUSION

Higher midterm SBP variability during the acute stage of cerebral
infarction was found to be associated prospectively and indepen-
dently with increased risk of PSCI, especially in the domains of
executive function, naming, and delayed recall. This highlights
the need for neurologists to pay more attention to the vari-
ability of blood pressure in patients with acute ischemic stroke.
Population-based prospective studies are required to confirm our
conclusions.
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Data Definition

Body mass index was estimated from the equation: height (m)?*/
weight (kg). Hypertension was defined as systolic blood pressure
of >140 mmHg and/or diastolic blood pressure of >90 mmHg
or taking antihypertensive drugs. Low density lipoprotein
cholesterol of >4.14 mmol/l, and/or high-density lipoprotein
cholesterol of <1.04 mmol/l, triglyceride of >2.26 mmol/l or tak-
ing lipid-lowering drugs were defined as dyslipidemia. Diabetes
mellitus was defined as fasting plasma glucose of >7.0 mmol/l,
HbAlc of >6.5%, or treatment with oral antidiabetic drugs
or insulin. Diagnosis of atrial fibrillation was confirmed by
electrocardiography. Current smoking was defined as smoking
cigarettes continuously or accumulates for 6 months and smoking
in 30 days before the survey. Current drinking was determined as
drinking more than 20 g each time and more than once a week.

FIGURE S1 | The flow chart of the study.
FIGURE S2 | Curves of cumulative survival.

TABLE S1 | Comparison of baseline characteristics of patients with and without
cognitive impairment 3 months after onset.

TABLE S2 | Logistic regression analyses of CV during the 7 days following

onset and cognitive impairment 3 months after onset. Model | was adjusted for
age and gender; Model Il was based Model | plus education degree (less than
12 years), hypertension, systolic blood pressure and DBP on admission, CIV and
location of infarction (cortex, cortex—subcortical, subcortical, brain stem, and
cerebellum); Model Ill was Model Il plus National Institutes of Health Stroke Scale
and thrombolytic therapy. E/R, event/risk.

TABLE S3 | Comparison of baseline characteristics of patients with and without
cognitive impairment 12 months after onset.

TABLE S4 | Logistic regression analyses of CV during the 7 days following

onset and cognitive impairment 12 months after onset. Model | was adjusted for
age and gender; Model Il was based Model | plus education degree (less than
12 years), hypertension, systolic blood pressure and DBP on admission, CIV and
location of infarction (cortex, cortex—subcortical, subcortical, brain stem, and
cerebellum); Model lll was Model Il plus TOAST classification, TIA, NHISS, and
modified Rankin Scale score. E/R, event/risk.

TABLE S5 | The relationship of the loss at different time points and CV of BP
within 7 days of stroke onset.

DATASHEET S1 | Continued Table 1.

Frontiers in Neurology | www.frontiersin.org

July 2017 | Volume 8 | Article 365


http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
http://journal.frontiersin.org/article/10.3389/fneur.2017.00365/full#supplementary-material
http://journal.frontiersin.org/article/10.3389/fneur.2017.00365/full#supplementary-material

Geng et al.

BPV and PSCI

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

Petersen RC, Caracciolo B, Brayne C, Gauthier S, Jelic V, Fratiglioni L. Mild
cognitive impairment: a concept in evolution. ] Intern Med (2014) 275:214-28.
doi:10.1111/joim.12190

Yu KH, Cho §J, Oh MS, Jung S, Lee JH, Shin JH, et al. Cognitive impairment
evaluated with vascular cognitive impairment harmonization standards in
a multicenter prospective stroke cohort in Korea. Stroke (2013) 44:786-8.
doi:10.1161/STROKEAHA.112.668343

Pendlebury ST, Rothwell PM. Prevalence, incidence, and factors associ-
ated with pre-stroke and post-stroke dementia: a systematic review and
meta-analysis. Lancet Neurol (2009) 8:1006-18.doi:10.1016/S1474-4422(09)
70236-4

Kalaria RN, Akinyemi R, Ihara M. Stroke injury, cognitive impairment and
vascular dementia. Biochim Biophys Acta (2016) 1862:915-25. doi:10.1016/j.
bbadis.2016.01.015

Alperovitch A, Blachier M, Soumare A, Ritchie K, Dartigues JF, Richard-
Harston S, et al. Blood pressure variability and risk of dementia in an
elderly cohort, the three-city study. Alzheimers Dement (2014) 10:S330-7.
doi:10.1016/j.jalz.2013.05.1777

. LiuK, Yan S, Zhang S, Guo Y, Lou M. Systolic blood pressure variability is associ-

ated with severe hemorrhagic transformation in the early stage after thromboly-
sis. Transl Stroke Res (2016) 7:186-91. d0i:10.1007/s12975-016-0458-6

Chung JW, Kim N, Kang J, Park SH, Kim WJ, Ko Y, et al. Blood pressure
variability and the development of early neurological deterioration following
acute ischemic stroke. ] Hypertens (2015) 33(10):2099-106. doi:10.1097/
HJH.0000000000000675

Filomena J, Riba-Llena I, Vinyoles E, Tovar JL, Mundet X, Casta X, et al. Short-
term blood pressure variability relates to the presence of subclinical brain small
vessel disease in primary hypertension novelty and significance. Hypertension
(2015) 66:634-40. doi:10.1161/HYPERTENSIONAHA.115.05440

Ko Y, Park JH, Yang MH, Ko SB, Han MK, Oh CW, et al. The significance
of blood pressure variability for the development of hemorrhagic trans-
formation in acute ischemic stroke. Stroke (2010) 41:2512-8. doi:10.1161/
STROKEAHA.110.595561

Lau KK, Wong YK, Teo KC, Chang RS, Chan KH, Hon SE, et al. Long-term
prognostic implications of visit-to-visit blood pressure variability in patients
with ischemic stroke. Am ] Hypertens (2014) 27:1486-94. doi:10.1093/ajh/
hpu070

Jokinen H, Melkas S, Ylikoski R, Pohjasvaara T, Kaste M, Erkinjuntti T, et al.
Post-stroke cognitive impairment is common even after successful clinical
recovery. Eur ] Neurol (2015) 22:1288-94. doi:10.1111/ene.12743

Pullicino P, Snyder W, Munschauer F, Pordell R, Greiner F. Interrater agree-
ment of computed tomography infarct measurement. ] Neuroimaging (1996)
6(1):16-9. doi:10.1111/jon19966116

Committee of Chinese Guidelines for the Diagnosis and Treatment of Acute
Ischemic Stroke, Department of Cerebrovascular Diseases, Neurology,
Chinese Medical Association. China guidelines for the diagnosis and treat-
ment of acute ischemic stroke (2010). Chin ] Neurol (2010) 43:146-53.
Committee of Chinese Guideline for Hypertension Prevention and Treatment
Modification. Chinese guideline for hypertension prevention and treatment
(2010). Chin J Cardiol (2011) 39:579-616.

Parati G, Ochoa JE, Lombardi C, Bilo G. Assessment and management of
blood-pressure variability. Nat Rev Cardiol (2013) 10:143-55. doi:10.1038/
nrcardio.2013.1

Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors JJ, Culebras A,
et al. An updated definition of stroke for the 21st century: a statement
for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke (2013) 44:2064-89. doi:10.1161/
STR.0b013e318296aeca

Kraglund KL, Mortensen JK, Grove EL, Johnsen SP, Andersen G. TALOS: a
multicenter, randomized, double-blind, placebo-controlled trial to test the
effects of citalopram in patients with acute stroke. Int J Stroke (2015) 10:985-7.
doi:10.1111/ijs.12485

Campbell N, Rice D, Friedman L, Speechley M, Teasell RW. Screening and
facilitating further assessment for cognitive impairment after stroke: appli-
cation of a shortened Montreal Cognitive Assessment (miniMoCA). Disabil
Rehabil (2016) 38:601-4. doi:10.3109/09638288.2015.1047968

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead V,
Collin 1, et al. The Montreal Cognitive Assessment, MoCA: a brief screen-
ing tool for mild cognitive impairment. ] Am Geriatr Soc (2005) 53:695-9.
doi:10.1111/j.1532-5415.2005.53221.x

Horton DK, Hynan LS, Lacritz LH, Rossetti HC, Weiner MF, Cullum CM. An
abbreviated Montreal Cognitive Assessment (MoCA) for dementia screening.
Clin Neuropsychol (2015) 29:413-25. d0i:10.1080/13854046.2015.1043349
Ciesielska N, Sokolowski R, Mazur E, Podhorecka M, Polak-Szabela A,
Kedziora-Kornatowska K. Is the Montreal Cognitive Assessment (MoCA)
test better suited than the mini-mental state examination (MMSE) in mild
cognitive impairment (MCI) detection among people aged over 60? Meta-
analysis. Psychiatr Pol (2016) 50:1039-52. doi:10.12740/PP/45368

Nie H, Xu Y, Liu B, Zhang Y, Lei T, Hui X, et al. The prevalence of mild
cognitive impairment about elderly population in China: a meta-analysis. Int
] Geriatr Psychiatry (2011) 26:558-63. d0i:10.1002/gps.2579

Frances A, Sandra O, Lucy U. Vascular cognitive impairment, a cardiovascular
complication. World ] Psychiatry (2016) 6:199-207. doi:10.5498/wjp.v6.i2.199
Parati G, Ochoa JE, Lombardi C, Bilo G. Blood pressure variability: assess-
ment, predictive value, and potential as a therapeutic target. Curr Hypertens
Rep (2015) 17:23. d0i:10.1007/s11906-015-0537-1

Tatasciore A, Renda G, Zimarino M, Soccio M, Bilo G, Parati G, et al. Awake
systolic blood pressure variability correlates with target-organ damage
in hypertensive subjects. Hypertension (2007) 50:325-32. doi:10.1161/
HYPERTENSIONAHA.107.090084

Eguchi K, Ishikawa J, Hoshide S, Pickering TG, Schwartz JE, Shimada K, et al.
Night time blood pressure variability is a strong predictor for cardiovascular
events in patients with type 2 diabetes. Am ] Hypertens (2009) 22:46-51.
doi:10.1038/ajh.2008.294

Stevens SL, Wood S, Koshiaris C, Law K, Glasziou P, Stevens R]J, et al. Blood
pressure variability and cardiovascular disease: systematic review and
meta-analysis. BMJ (2016) 354:i4098. doi:10.1136/bmj.i4098

Liu Z, Zhao Y, Zhang H, Chai Q, Cui Y, Diao Y, et al. Excessive variability in
systolic blood pressure that is self-measured at home exacerbates the progres-
sion of brain white matter lesions and cognitive impairment in the oldest old.
Hypertens Res (2016) 39:245-53. d0i:10.1038/hr.2015.135

Tang X, Hu Y, Chen D, Zhan S, Zhang Z, Dou H. The Fangshan/family-based
ischemic stroke study in China (FISSIC) protocol. BMC Med Genet (2007)
8:60. doi:10.1186/1471-2350-8-60

Ihle-Hansen H, Thommessen B, Bruun Wyller T, Engedal K, Qksengard AR,
Stenset V, et al. Incidence and subtypes of MCI and dementia 1 year after first-
ever stroke in patients without pre-existing cognitive impairment. Dement
Geriatr Cogn Disord (2011) 32:401-7. doi:10.1159/000335361

Kandiah N, Chander R]J, Lin X, Ng A, Poh YY, Cheong CY, et al. Cognitive
impairment after mild stroke: development and validation of the SIGNAL2
risk score. ] Alzheimer Dis (2015) 49:1169-77. doi:10.3233/JAD-150736
Matsumoto A, Satoh M, Kikuya M, Ohkubo T, Hirano M, Inoue R, et al.
Day-to-day variability in home blood pressure is associated with cognitive
decline: the Ohasama study. Hypertension (2014) 63:1333-8. doi:10.1161/
HYPERTENSIONAHA.113.01819

McDonald C, Pearce MS, Kerr SR, Newton JL. Blood pressure variability and
cognitive decline in older people: a 5-year longitudinal study. ] Hypertens
(2016) 35(1):140-7. doi:10.1097/HJH.0000000000001120

. QinB,VieraAJ,MuntnerP,Plassman BL,Edwards L], AdairLS,etal. Visit-to-visit

variability inblood pressureisrelated tolate-life cognitive decline. Hypertension
(2016) 68:106-13. doi:10.1161/HYPERTENSIONAHA.116.07494

Imai Y, Kario K, Shimada K, Kawano Y, Hasebe N, Matsuura H, et al.
The Japanese Society of Hypertension guidelines for self-monitoring of
blood pressure at home (second edition). Hypertens Res (2012) 35:777-95.
doi:10.1038/hr.2012.56

Parati G, Stergiou GS, Asmar R, Bilo G, de Leeuw P, Imai Y, et al. European
Society of Hypertension guidelines for blood pressure monitoring at home: a
summary report of the second international consensus conference on home
blood pressure monitoring. J Hypertens (2008) 26:1505-26. doi:10.1097/
HJH.0b013e328308da66

Hara A, Ohkubo T, Kikuya M, Shintani Y, Obara T, Metoki H, et al. Detection
of carotid atherosclerosis in individuals with masked hypertension and white-
coat hypertension by self-measured blood pressure at home: the Ohasama
study. ] Hypertens (2007) 25:321-7. doi:10.1097/HJH.0b013e3280115bbf

Frontiers in Neurology | www.frontiersin.org

July 2017 | Volume 8 | Article 365


http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
https://doi.org/10.1111/joim.12190
https://doi.org/10.1161/STROKEAHA.112.668343
https://doi.org/10.1016/S1474-4422(09)
70236-4
https://doi.org/10.1016/S1474-4422(09)
70236-4
https://doi.org/10.1016/j.bbadis.2016.01.015
https://doi.org/10.1016/j.bbadis.2016.01.015
https://doi.org/10.1016/j.jalz.2013.05.1777
https://doi.org/10.1007/s12975-016-0458-6
https://doi.org/10.1097/HJH.0000000000000675
https://doi.org/10.1097/HJH.0000000000000675
https://doi.org/10.1161/HYPERTENSIONAHA.115.05440
https://doi.org/10.1161/STROKEAHA.110.595561
https://doi.org/10.1161/STROKEAHA.110.595561
https://doi.org/10.1093/ajh/hpu070
https://doi.org/10.1093/ajh/hpu070
https://doi.org/10.1111/ene.12743
https://doi.org/10.1111/jon19966116
https://doi.org/10.1038/nrcardio.2013.1
https://doi.org/10.1038/nrcardio.2013.1
https://doi.org/10.1161/STR.0b013e318296aeca
https://doi.org/10.1161/STR.0b013e318296aeca
https://doi.org/10.1111/ijs.12485
https://doi.org/10.3109/09638288.2015.1047968
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1080/13854046.2015.1043349
https://doi.org/10.12740/PP/45368
https://doi.org/10.1002/gps.2579
https://doi.org/10.5498/wjp.v6.i2.199
https://doi.org/10.1007/s11906-015-0537-1
https://doi.org/10.1161/HYPERTENSIONAHA.107.090084
https://doi.org/10.1161/HYPERTENSIONAHA.107.090084
https://doi.org/10.1038/ajh.2008.294
https://doi.org/10.1136/bmj.i4098
https://doi.org/10.1038/hr.2015.135
https://doi.org/10.1186/1471-2350-8-60
https://doi.org/10.1159/000335361
https://doi.org/10.3233/JAD-150736
https://doi.org/10.1161/HYPERTENSIONAHA.113.01819
https://doi.org/10.1161/HYPERTENSIONAHA.113.01819
https://doi.org/10.1097/HJH.0000000000001120
https://doi.org/10.1161/HYPERTENSIONAHA.116.07494
https://doi.org/10.1038/hr.2012.56
https://doi.org/10.1097/HJH.0b013e328308da66
https://doi.org/10.1097/HJH.0b013e328308da66
https://doi.org/10.1097/HJH.0b013e3280115bbf

Geng et al.

BPV and PSCI

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Kilander L, Nyman H, Boberg M, Hansson L, Lithell H. Hypertension is
related to cognitive impairment: a 20-year follow-up of 999 men. Hypertension
(1998) 31:780-6. doi:10.1161/01.HYP.31.3.780

Conway KS, Forbang N, Beben T, Criqui MH, Ix JH, Rifkin DE. Relationship
between 24-hour ambulatory blood pressure and cognitive function in com-
munity-living older adults: the UCSD ambulatory blood pressure study. Am
] Hypertens (2015) 28:1444-52. doi:10.1093/ajh/hpv042

Crichton GE, Elias ME, Dore GA, Torres RV, Robbins MA. Measurement-to-
measurement blood pressure variability is related to cognitive performance:
the Maine-Syracuse study. Hypertension (2014) 64:1094-101. doi:10.1161/
HYPERTENSIONAHA.114.04282

Epstein NU, Lane KA, Farlow MR, Risacher SL, Saykin AJ, Gao S. Cognitive
dysfunction is associated with increased visit to visit systolic blood pressure
variability. ] Am Geriatr Soc (2013) 6:2168-73. doi:10.1111/jgs.12542

Sander D, Kukla C, Klingelhofer J, Winbeck K, Conrad B. Relationship
between circadian blood pressure patterns and progression of early carotid
atherosclerosis: a 3-year follow-up study. Circulation (2000) 102:1536-41.
doi:10.1161/01.CIR.102.13.1536

Goldstein IB, Bartzokis G, Guthrie D, Shapiro D. Ambulatory blood
pressure and the brain: a 5-year follow-up. Neurology (2005) 64:1846-52.
doi:10.1212/01.WNL.0000164712.24389.BB

Diaz KM, Veerabhadrappa P, Kashem MA, Thakkar SR, Feairheller DL,
Sturgeon KM, et al. Visit-to-visit and 24-h blood pressure variability: asso-
ciation with endothelial and smooth muscle function in African Americans.
J Hum Hypertens (2013) 27:671-7. doi:10.1038/jhh.2013.33

Alrawi YA, Panerai RB, Myint PK, Potter JE Pharmacological blood pressure
lowering in the older hypertensive patients may lead to cognitive impair-
ment by altering neurovascular coupling. Med Hypotheses (2013) 80:303-7.
doi:10.1016/j.mehy.2012.12.010

Silvestrini M, Viticchi G, Altamura C, Luzzi S, Balucani C, Vernieri E
Cerebrovascular assessment for the risk prediction of Alzheimer’s disease.
J Alzheimers Dis (2012) 32:689-98. doi:10.3233/JAD-2012-121240

Lattanzi S, Luzzi S, Provinciali L, Silvestrini M. Blood pressure variability in
Alzheimer’s disease and frontotemporal dementia: the effect on the rate of cog-
nitive decline. ] Alzheimers Dis (2015) 45:387-94. doi:10.3233/JAD-142532
Benisty S, Gouw AA, Porcher R, Madureira S, Hernandez K, Poggesi A, et al.
Location of lacunar infarcts correlates with cognition in a sample of non-
disabled subjects with age-related white-matter changes: the LADIS study.
J Neurol Neurosurg Psychiatry(2009) 80:478-83.doi:10.1136/jnnp.2008.160440

49.

50.

51.

52.

53.

54.

55.

van Es AC, van der Grond ], de Craen AJ, Westendorp RG, Bollen EL,
Blauw GJ, et al. Cerebral microbleeds and cognitive functioning in the PROSPER
study. Neurology (2011) 77:1446-52. doi:10.1212/WNL.0b013e318232ab1d
Gregoire SM, Smith K, Jiger HR, Benjamin M, Kallis C, Brown MM, et al.
Cerebral microbleeds and long-term cognitive outcome: longitudinal cohort
study of stroke clinic patients. Cerebrovasc Dis (2012) 33:430-5. doi:10.1159/
000336237

Na L, Ping M, Shan G, Niu J, Yongan S, Yingda X, et al. Relationship between
characteristics of MoCA and subtypes of TOAST in patient with post-stroke
cognitive impairment[J]. Chin ] Geriatr Heart Brain Vessel Dis (2016)
18:345-8. d0i:10.3969/j.issn.1009-0126.2016.04.003

Ishibashi S, Kuroiwa T, LiYuan S, Katsumata N, Li S, Endo S, et al. Long-
term cognitive and neuropsychological symptoms after global cerebral
ischemia in Mongolian gerbils. Acta Neurochir Suppl (2006) 96:299-302.
doi:10.1007/3-211-30714-1_64

Hilal S, Amin SM, Venketasubramanian N, Niessen W], Vrooman H,
Wong TY, et al. Subcortical atrophy in cognitive impairment and dementia.
J Alzheimer Dis (2015) 48:813-23. doi:10.3233/JAD-150473

Rocque BG, Jackson D, Varghese T, Hermann B, McCormick M,
Kliewer M, et al. Impaired cognitive function in patients with atherosclerotic
carotid stenosis and correlation with ultrasound strain measurements.
J Neurol Sci (2012) 322:20-4. doi:10.1016/j.jns.2012.05.020

Safouris A, Hambye AS, Sculier C, Papageorgiou SG, Vasdekis SN,
Gazagnes MD, et al. Chronic brain hypoperfusion due to multi-vessel
extracranial atherosclerotic disease: a potentially reversible cause of cognitive
impairment. ] Alzheimers Dis (2015) 43:23-7. doi:10.3233/JAD-141203

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2017 Geng, Liu, Meng, Ji, Sun, Xu, Zhang, He, Cai, Wang, Xu, Li, Niu,
Zhang, Xu, Zhou and He. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org

July 2017 | Volume 8 | Article 365


http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
https://doi.org/10.1161/01.HYP.31.3.780
https://doi.org/10.1093/ajh/hpv042
https://doi.org/10.1161/HYPERTENSIONAHA.114.04282
https://doi.org/10.1161/HYPERTENSIONAHA.114.04282
https://doi.org/10.1111/jgs.12542
https://doi.org/10.1161/01.CIR.102.13.1536
https://doi.org/10.1212/01.WNL.0000164712.24389.BB
https://doi.org/10.1038/jhh.2013.33
https://doi.org/10.1016/j.mehy.2012.12.010
https://doi.org/10.3233/JAD-2012-121240
https://doi.org/10.3233/JAD-142532
https://doi.org/10.1136/jnnp.2008.160440
https://doi.org/10.1212/WNL.0b013e318232ab1d
https://doi.org/10.1159/
000336237
https://doi.org/10.1159/
000336237
https://doi.org/10.3969/j.issn.1009-0126.2016.04.003
https://doi.org/10.1007/3-211-30714-1_64
https://doi.org/10.3233/JAD-150473
https://doi.org/10.1016/j.jns.2012.05.020
https://doi.org/10.3233/JAD-141203
http://creativecommons.org/licenses/by/4.0/

	Midterm Blood Pressure Variability 
Is Associated with Poststroke Cognitive Impairment: A Prospective Cohort Study
	Introduction
	Materials and Methods
	Study Design and Participants
	Inclusion and Exclusion Criteria
	Management and Measurement of Blood Pressure
	Clinical Assessment
	Judgment of Outcomes and Follow-up
	Sample Size Estimation
	Statistical Analysis

	Results
	Clinical Characteristics
	MoCA Score and Incidence of PSCI
	Cognitive Impairment and BPV
	MoCA Score in Each Cognitive Domain 3 Months after Stroke Onset and CV during the 7 days after Stroke Onset
	Cognitive Impairment and Site of Cerebral Infarction

	Discussion
	Conclusion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	Supplementary Material
	Supporting Information
	Data Definition

	References


