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Abstract. – OBJECTIVE: The present study 
was aimed to analyze the correlation between 
cognitive impairment and ambulatory blood 
pressure in patients with cerebral small vessel 
disease (CSVD).

PATIENTS AND METHODS: 108 patients with 
CSVD received in our hospital were selected. 
Assessment of cognitive impairment was by the 
Montreal Cognitive Assessment (MoCA). 39 cas-
es were established as the impairment group 
and 69 cases were established as the normal 
group. 24 h ambulatory blood pressure was 
monitored, and changes in ambulatory blood 
pressure parameters between the two groups 
were compared. Also, the correlation between 
blood pressure parameters and MoCA score 
were analyzed.

RESULTS: Comparisons of ambulatory sys-
tolic blood pressure, ambulatory pulse pres-
sure and the ratios of night blood pressure re-
duction of patients in both groups showed sta-
tistical differences (p < 0.05), while the chang-
es in diastolic blood pressure showed no sta-
tistical differences (p > 0.05). The comparison 
of the blood pressure curves in both groups 
showed statistical differences (p < 0.05). The 
ambulatory systolic blood pressure, ambu-
latory pulse pressure and the ratio of night 
blood pressure reduction of patients with CS-
VD showed prominently negative correlations 
with MoCA score (p < 0.05). 

CONCLUSIONS: Cognitive impairment and 
the ambulatory blood pressure of patients with 
CSVD are intimately correlated. The rise of am-
bulatory systolic blood pressure, pulse pres-
sure, and the decline of blood pressure may rep-
resent risk factors for cognitive impairment in 
patients with CSVD. Improving blood pressure 
management will reduce the incidence of cogni-
tive impairment caused by CSVD.
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Introduction

Cerebral small vessel disease (CSVD), a sub-
type of cerebrovascular disease, is an important 
factor that leads to senile dementia or senile 
vascular cognitive impairment1. A previous work 
showed2 that almost half of vascular dementias 
are caused by CSVD. Cognitive function is inti-
mately correlated with fluctuation of blood pres-
sure3. Ambulatory blood pressure monitoring 
can display the circadian rhythm of blood pres-
sure, the blood pressure level in certain periods 
and the control condition of blood pressure. The 
pathogenesis of CSVD is currently not well un-
derstood, but the incidences of hypoperfusion 
or ischemic injury, microembolization, structural 
changes of small blood vessels, changes around 
blood vessels and metabolic encephalopathy are 
generally considered correlative factors, which 
can ultimately lead to neurologic deficits4. Hy-
pertension is an important risk factor for the inci-
dence of cognitive impairment, which can lead to 
encephalanalosis or neurofibrillary denaturation 
and worsen atherosclerosis to different degrees5. 
Also, hypertension is a key factor causing hyaline 
degeneration of arteriole walls6. In the present 
study, we analyzed the correlation between cog-
nitive impairment and ambulatory blood pressure 
in patients with CSVD, to provide a reference for 
clinical control of blood pressure and prevention 
of cognitive impairment in CSVD.

Patients and Methods

Patients
108 patients with CSVD received in our hos-

pital from January 2014 to January 2016 were 
selected. Diagnostic criteria of CSVD includ-
ed: cerebral micro bleeds or lacunar infarction, 
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without obvious carotid artery stenosis (>50%); 
watershed infarction; subcutaneous lesions of 
diameter over 15 mm. The inclusion criteria in-
cluded: 1- aged from 45-80 years old; 2- met the 
diagnostic criteria of CSVD, confirmed by head 
MRI; 3- no record of cerebral trauma, tumor, 
surgery or radiation; 4- no neurological disorders, 
psychonosema or disorders such as anxiety and 
depression; 5- were able to complete the MoCA 
score, and with complete data on ambulatory 
blood pressure. The exclusion criteria included: 
1- complicated with refractory hypertension; 2- 
recent record of myocardial infarction or atrial 
fibrillation; 3- complicated with severe liver or 
kidney disease; 4- complicated with active bleed-
ing disease or impairment of blood coagulation. 
After receiving consent and approval by the 
patients and their families, 39 cases were es-
tablished as the impairment group and 69 cases 
as the normal group, according to whether the 
patients had cognitive impairment or not. The 
impairment group included patients with MoCA 
score under 23 points, 21 males and 18 females, 
aged 46-74 years old, with an average age of 66.8 
± 12.4. 14 cases had a history of drinking, 16 had 
a history of smoking, 10 had hypertension and 8 
had diabetes mellitus. The duration of education 
was 13-35 years, with average duration of 25.6 ± 
8.2 years. The normal group included 36 males 
and 33 females, aged 45-78 years old, with an 
average age of 68.2 ± 15.2 years. 25 cases had a 
history of drinking, 23 had a history of smoking, 
19 had hypertension and 17 had diabetes. The du-
ration of education was 12-34 years, with average 
duration of 25.0 ± 7.6 years. The general param-
eters between the two groups had no statistical 
difference (p > 0.05). We obtained approval from 
the Ethics Committee of Yishui Central Hospital 
and informed consent of patients or their families.

Methods
Montreal Cognitive Assessment (MoCA) was 

adopted to evaluate the cognitive function of 
patients, including eight aspects: executive ca-
pability, attention and concentration, language, 
memory, abstract thinking, visual space struc-
tural skill, calculation capacity and orientation 
capacity in cognition territory. Patients with less 
than 12 years of education were given 1 addi-
tional point and the total score was 30 points. 
A Welch Allyn CardioPerfect software system 
(Welch Allyn, New York, NY, USA) was adopted 
to apply 24 h monitoring of ambulatory blood 
pressure. 8:00-23:00 was set as day-time and 

23:00-8:00 was set as night-time. Blood pressure 
was measured every half hour during day-time 
and every hour during night-time. Patients were 
allowed to take part in daily activities during 
blood pressure monitoring. The criteria of ef-
fective blood pressure were: 70-260 mmHg for 
systolic blood pressure (SBP), 40-150 mmHg for 
diastolic blood pressure (DBP), 20-150 mmHg for 
pulse pressure (PP). Patients with atrial fibrilla-
tion were excluded. 

Observational Indices
1. Levels of blood glucose and blood fat of the 

two groups were compared, including fasting 
blood glucose (FBG), triglyceride (TG), low-den-
sity lipoprotein cholesterol (LDL-C) and total 
cholesterol (TC). 2. Differences in ambulatory 
blood pressure parameters in the two groups were 
compared, including 24 h mean SBP, mean day-
time systolic blood pressure (DSBP), mean night-
time blood pressure (NSBP), 24 h mean DBP, 
day-time mean diastolic blood pressure (DDBP), 
night mean diastolic blood pressure (NDBP), 24 
h mean PP, day mean pulse pressure (DPP) and 
night mean pulse pressure (NPP). The ratios of 
night blood pressure reduction were calculat-
ed. (ΔMBP) = (DMBP-NMBP) ÷ DMBP×100%, 
ΔMBP between 0-10% indicated non-dipper 
blood pressure, 10-20% indicated dipper blood 
pressure, over 20% indicated super dipper blood 
pressure and less than 0% indicated reverse dip-
per blood pressure. 3. The correlations between 
the parameters of ambulatory blood pressure and 
MoCA score were analyzed. 

Statistical Analysis
SPSS 20.0 software (Version X; IBM, Armonk, 

NY, USA) was used for analysis. Measurement 
data are presented as mean ± standard deviation 
(x– ± s) and comparisons between groups were by 
independent sample t-test. Enumeration data are 
presented as case or percentage (%), and com-
parisons between groups were by χ2-test. Pearson 
testing was adopted for correlation analyses. p < 
0.05 was taken as statistically significant.

Results

Comparison of the Levels of Blood 
Glucose and Blood Fat 

Comparison of the levels of blood glucose and 
blood fat in the two groups showed no statistical-
ly significant differences (p > 0.05) (Table I).
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Comparisons of Ambulatory Blood 
Pressure Parameters 

The comparisons of the ambulatory SBP, am-
bulatory PP and the ratios of night blood pressure 
reduction of patients in both groups showed statisti-
cally significant differences (p < 0.05), while chang-
es in DBP were not significant (p > 0.05) (Table II). 

Comparison of Fluctuations of Blood 
Pressure Curves 

Dipper blood pressures in the impairment 
group were lower than in the normal group, and 
the differences were statistically significant (p < 
0.05) (Table III).

Correlation Analysis of Ambulatory Blood 
Pressure Parameters and MoCA Score

The ambulatory SBP and the ratios of night 
blood pressure reduction of patients with CS-
VD showed prominently negative correlations 
with the MoCA score (p < 0.05) (Table IV).

Discussion

CSVD is a form of arteriole lesion. The patho-
logical vessels are mostly perforating arterioles 
of diameters between 30-300 μm, which are the 
major supply to gray matter nuclei, white matter 
nuclei and brainstem in the deep brain. These 
arterioles barely have blood vessel walls. Their 
outer layers are composed of corneal endothelial 
cells and a few smooth muscle cells, and have di-
rect contact with the foot processes of astrocytes. 
This form of arteriole, stemming from large ce-
rebral arteries such as the middle cerebral artery 
and basilar artery, are terminal branches without 
collateral anastomosis. CSVD leads to perma-
nent brain parenchyma injury through multiple 
mechanisms and the main symptoms include 
leukoaraiosis and lacunar infarction7. Multiple 
studies have demonstrated8,9 the intimate cor-
relation between CSVD and the occurrences of 
cognitive decline and dementia. Cognitive im-

Table I. Comparisons of the levels of blood glucose and blood fat (mmol/L).

	 Group 	 FBG	 TG	 LDL-C	 TC

Impairment group	 5.33 ± 0.78	 1.87 ± 0.60	 3.25 ± 0.77	 4.76 ± 1.02
Normal group	 5.24 ± 0.83	 1.79 ± 0.57	 3.38 ± 0.91	 4.98 ± 1.13
t	 0.563	 0.678	 0.789	 1.035
p	 0.432	 0.324	 0.219	 0.120

FBG: fasting blood glucose; TG: triglyceride; LDL-C: low density lipoprotein cholesterol; TC: total cholesterol.

Table II. Comparisons of the parameters of ambulatory blood pressure (mmHg).

		  Impairment	 Normal
	 Parameter of blood pressure	 group	 group	 t	 p

24 h systolic blood pressure (SBP)	 136.45 ± 15.42	 127.47 ± 16.50	 5.834	 0.022
Day mean systolic blood pressure (DSBP)	 141.03 ± 14.85	 133.28 ± 13.86	 5.667	 0.026
Night mean blood pressure (NSBP)	 130.86 ± 16.73	 122.97 ± 18.20	 4.280	 0.038
24 h mean diastolic blood pressure (DBP)	 89.35 ± 9.28	 86.56 ± 8.36	 1.554	 0.127
Day mean diastolic blood pressure (DDBP)	 95.36 ± 10.33	 92.74 ± 10.85	 1.243	 0.203
Night mean diastolic blood pressure (NDBP)	 85.62 ± 7.33	 83.94 ± 8.02	 0.958	 0.362
24 h mean pulse pressure (PP)	 48.68 ± 5.89	 40.33 ± 6.22	 5.935	 0.020
Day mean pulse pressure (DPP)	 53.42 ± 4.49	 44.68 ± 7.21	 6.765	 0.013
Night mean pulse pressure (NPP)	 43.85 ± 8.39	 36.79 ± 6.84	 6.478	 0.016
Ratio of night blood pressure reduction (ΔMBP)	 10.46 ± 3.10	 16.27 ± 5.33	 6.173	 0.021

Table III. Comparison of the fluctuations of blood pressure curves [n (%)].

	 Group 	 Cases	 Dipper 	 Non-dipper	 Supper-dipper	 Reverse-dipper

Impairment group	 39	 10 (25.64)	 12 (30.77)	 10 (25.64)	   7 (17.95)
Normal group	 69	 37 (53.62)	 13 (18.84)	   7 (10.14)	 12 (17.39)
χ2			                                      9.820
p			                                      0.020
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pairment includes persistent decline of concen-
tration, decreased rate of information processing 
and decline of speech fluency. MoCA makes 
quick assessment of mild cognitive impairment, 
and compared to the Mini-Mental State Exam-
ination (MMSE), is superior and more reliable10. 
A previous study11 confirmed that decline of cog-
nitive function has a prominent correlation with 
the fluctuation of blood pressure. Each 10 mmHg 
rise of systolic pressure is companied by a 7% 
increase in the risk of cognitive decline, which 
supports the correlation between blood pressure 
and cognitive impairment. Through this study, 
the ambulatory SBP, ambulatory PP and the ra-
tios of night blood pressure reduction of patients 
in both groups showed statistical differences, 
while the DBP showed no statistical differences. 
Correlation analysis showed that the ambulatory 
SBP, ambulatory PP and the ratio of night blood 
pressure reduction prominently were correlated 
negatively with MoCA score12. In addition, from 
the fluctuations of the blood pressure curves of 
both groups, the ratio of dipper blood pressure 
in the impairment group was significantly lower, 
which suggested weaker circadian rhythm of 
blood pressure in CSVD patients with cognitive 
impairment13. A possible reason included that 
the high load condition of SBP led to higher PP 
and weaker circadian rhythm of blood pressure. 
Persistent high blood pressure worsened the 
damage to endothelial function of small vessels, 
which led to brain white matter damage, and 
sequentially enhanced the cognitive impairment 
in CSVD14.

Conclusions

Cognitive impairment in patients with CSVD 
is intimately correlated with fluctuations of am-
bulatory blood pressure. The rise of ambulatory 
SBP, PP and the decline of blood pressure might 

be risk factors for cognitive impairment of pa-
tients with CSVD. Improving blood pressure 
management of patients will reduce the preva-
lence of the cognitive impairment in patients with 
CSVD.
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