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Abstract
Although high blood pressure (BP) and BP variability have been reported to be associated with cognitive impairment, few
studies have investigated the association between home BP (HBP) and cognitive function in the oldest-old. The aim of this
study was to evaluate whether the value of and the day-to-day variability in HBP was associated with cognitive function in a
Japanese community-dwelling oldest-old population. Among 111 participants aged 85–87 years, cognitive function was
assessed using the Japanese version of the Montreal Cognitive Assessment (MoCA-J). HBP was measured two times every
morning for a median of 30 days. The value of and variability in HBP were calculated as the average and coefficient of
variation (CV) of the measurements, respectively. The associations of HBP variability with MoCA-J were examined using
multiple linear regression models. Of 111 participants, 47.7% were men, and 64.0% were taking medications for
hypertension. The mean HBP was 141.9 ± 14.8/72.2 ± 8.4 mmHg, and the mean CV of HBP was 6.7 ± 1.9/6.8 ± 2.4.
The mean total MoCA-J score was 22.9 ± 3.5. The MoCA-J score was significantly lower with increasing CVs of both
systolic BP (b=−0.36, p= 0.034) and diastolic BP (b=−0.26, p= 0.046) after adjustment for possible confounding
factors. The value of HBP was not associated with MoCA-J. In the community-dwelling oldest-old population, higher day-
to-day HBP variability, but not the value of HBP, was associated with cognitive impairment. When measuring HBP,
attention should be paid not only to the values but also to their variations.

Introduction

With the increase in the aging population, the number of
people living with cognitive impairment has been increasing
worldwide [1]. The prevalence of cognitive impairment
increases exponentially with age, with the most likely
population to be affected being the oldest-old, or people
aged 85 years or older [1, 2]. Regarding dementia, the

prevalence was estimated to be approximately 1.5% at age
65 years, and the prevalence doubles every 4 years to reach
approximately 30% at 80 years [3]. In Japan, with the oldest
population in the world, cognitive impairment in the oldest-
old has become a great concern for health and social care.

Hypertension, also a common disorder in the oldest-old,
is a well-known risk factor for vascular dementia [4]. It has
also been reported to be a risk factor for cognitive decline
[5], mild cognitive impairment (MCI) [6], and Alzheimer’s
disease [7]. In recent years, in addition to blood pressure
(BP), BP variability has been increasingly recognized as
being associated with cognitive impairment [8, 9]. How-
ever, the majority of previous studies exploring BP, BP
variability, and cognitive function focused on BP values
and visit-to-visit variability based on casual office BP
measurements. Home BP (HBP) measurements are more
reproducible, have no white-coat effect and have more
prognostic significance than casual office BP measurements
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[10]. The utility of HBP measurement is marked in older
adults who demonstrate higher white-coat hypertension
prevalence and BP variability than younger adults [10, 11].
To date, few studies have investigated the association
between the value and variability of HBP and cognitive
impairment [12–15]. Furthermore, only one epidemiologi-
cal study has targeted the oldest-old [15]. As the influence
of BP on cognitive function has been suggested to vary in
different age groups [5, 16] and the oldest-old show distinct
sociodemographic characteristics compared with those of
younger adults, studies on this specific age group are con-
sidered important. BP variation increases with age [11].
Based on the current literature, we hypothesized that the
influence of BP variability on cognitive function might be
prominent in the oldest-old population.

The aim of this study was to evaluate whether HBP and
the day-to-day HBP variability were associated with cog-
nitive function precisely evaluated by the Japanese version
of the Montreal Cognitive Assessment (MoCA-J) in a
Japanese community-dwelling oldest-old population to
obtain a better understanding of the association between BP
and cognitive function in the oldest-old.

Methods

Participants

This cross-sectional study was part of the SONIC study, an
ongoing prospective cohort study targeting community-
dwelling older people in their 70, 80, 90s, or over 100 years
old in two regions (eastern and western regions) of Japan. A
detailed description of the study design and protocol has
been published elsewhere [16–18]. We used a narrow age-
range cohort design, with each cohort including individuals
whose ages fell within a 3-year range. In 2017, a second
follow-up survey of those in their 80s was conducted, and
273 individuals aged 85–87 years participated in the survey
in the western region. After excluding subjects with clear
cognitive and/or physical function decline, we recruited 133
participants to measure BP at their home. After the exclusion
of 15 participants who did not consent to participate in the
study, 3 who had a history of stroke, and 4 who had missing
data, 111 participants were included in the present analysis.

The study protocol was approved by the ethical committee
of Osaka University Hospital (approval number: 266).
Written informed consent was obtained from all participants.

BP measurement

Physicians or nurses instructed the participants on how
to perform HBP measurements using an explanation form.
After the explanation, participants measured their BP with

an upper-arm electronic oscillometric device (HEM-7080
IC; Omron Healthcare Co., Ltd, Kyoto, Japan) and wrote
the value as a sample on the recording sheet at the survey
site with physicians or nurses present. The HEM-7080 IC
was successfully validated in the oldest-old population [19].
The HEM-7080 IC automatically records up to 350 BP
measurements and can extract these data for analysis.
The participants were asked to measure their BP 2 times
every morning within 1 h after waking up, after urination,
before breakfast and taking medication, after a minimum of
1–2 min of rest, in a sitting position for 30 days using the
HEM-7080 IC. The mean of two measurements per morn-
ing was used as the value for each day. The value and
variability in HBP were calculated using all the obtained
measurements as the average and within-participant coeffi-
cient of variation (CV) of the measurements, respectively.
The CV was calculated with the formula: SD of the daily
HBP/mean daily HBP × 100.

Office BP was measured twice consecutively by a trained
physician or nurse with the participant in a sitting position
after at least a few minutes of rest on the left arm using a
mercury sphygmomanometer. The mean of the two readings
was defined as the office BP.

Assessment of cognitive function

Cognitive function was assessed using the MoCA-J by
trained geriatricians and/or psychologists. The MoCA-J is a
brief cognitive screening tool for detecting MCI in elderly
people and assesses the following domains of cognition:
visuoexecutive, naming, attention, language, abstraction,
recall, and orientation [20]. Years of education were deter-
mined from a self-administered questionnaire, and 1 point
was added to the total MoCA-J score if an individual had 12
years or fewer of education. The total MoCA-J score ranges
from 0 to 30, with higher scores reflecting a higher cognitive
function. The MoCA-J has demonstrated good reliability and
validity for predicting early cognitive decline compared with
the performance of conventional cognitive tests [20, 21].

Other factors

The data collection procedure included an interview, a self-
administered questionnaire, physical examinations, and
laboratory tests. Information on medications was obtained
from a prescription record that the participants brought.
Medical history was assessed during an interview with
reference to the prescription record. Diabetes was defined as
a casual plasma glucose level ≥ 200 mg/dL (11.1 mmol/L),
HbA1c ≥ 6.5%, a self-reported diagnosis of diabetes, or the
use of antidiabetic agents based on the Japan Diabetes
Society criteria [22]. Psychological well-being was eval-
uated using the WHO 5-item well-being index (WHO-5).
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The WHO-5 is a sensitive and specific screening tool for
depression, and its applicability across study fields is very
high [23]. Gait speed was measured over a 2.44-m (8-ft)
walking course. Participants were instructed to walk at their
normal, comfortable pace. Measurements were taken twice,
and the mean speed of the two walking trials was used for
the analysis.

Statistical analysis

Descriptive data are presented as n (%) or mean ± SD. Dif-
ferences in the clinical characteristics and BP profiles asso-
ciated with the CV quartiles of HBP were assessed by
analysis of variance and the chi-squared test. Scatter plots
with linear regression were used to show the associations and
ensure linear relationships between BP, CV of HBP, and
MoCA-J for both systolic BP (SBP) and diastolic BP (DBP).
The associations of CV of HBP with MoCA-J were examined
using multiple linear regression models [16, 18, 24] including
sex, the corresponding mean HBP, antihypertensive medica-
tion, diabetes mellitus, history of arrhythmia, WHO-5, and
gait speed. Analysis with same multiple linear regression
models but including home pulse pressure instead of mean
HBP was also performed. The education level was not
included in the model since a 1-point correction for education
was adopted to calculate the MoCA-J score; further analysis
was performed with the model adjusted for years of educa-
tion. The association between CV of HBP and MoCA-J
subdomain scores was tested with quartiles of CV of HBP
using the Jonckheere–Terpstra test because the subdomain
scores were small. All statistical analyses were performed
with SPSS Statistics ver. 24.0 for Windows (IBM Japan,
Tokyo, Japan). A two-tailed value of P < 0.05 was considered
significant.

Results

The characteristics of the participants are shown in Table 1.
Of 111 participants aged 85–87 years old, 47.7% were men
and 64.0% were taking medication for hypertension. The
participants’ profiles of HBP and office BP are shown in
Table 2. HBP was measured for a median of 30 days (range,
6–30 days). The mean HBP was 141.9 ± 14.8/72.2 ± 8.4
mmHg, and the mean CV of HBP was 6.7 ± 1.9/6.8 ± 2.4.
There were no significant differences in the clinical char-
acteristics or BP profiles based on the CV quartiles of HBP
(Supplementary Table 1, Supplementary Table 2).

The mean total MoCA-J score was 22.9 ± 3.5 (range:
14–30). Scatter plots of the associations between HBP
variables (mean HBP and CV of HBP) and MoCA-J are
presented in Fig. 1, suggesting that the MoCA-J score
decreased with an increase in HBP variability. Neither HBP

nor office BP (r= 0.04, p= 0.704 for SBP; r= 0.06, p=
0.507 for DBP) was associated with cognitive function. The
regression coefficients for the MoCA-J score are shown in
Table 3. In the multiple linear models, the MoCA-J was
significantly lower with increasing CVs of both SBP and
DBP after adjustment for possible confounding factors. The
significant associations between CV and the MoCA-J score
were substantially unchanged after adjustment for pulse
pressure instead of mean HBP (b=−0.33, p= 0.051 for
SBP; b=−0.27, p= 0.040 for DBP). Further adjustment
for education level did not change the significance of the
association between CV and the MoCA-J score (b=−0.34,

Table 1 Participants’ characteristics

Variables Values

n 111

Men 53 (47.7)

Antihypertensive medication 71 (64.0)

CCB 51 (71.8)

ARB 39 (54.9)

Diuretics 10 (14.1)

ACE inhibitors 4 (5.6)

Beta blockers 8 (11.3)

Diabetes mellitus 18 (16.2)

History of arrhythmia 10 (9.0)

WHO-5　 22.3 ± 4.8

Gait speed, m/s 0.9 ± 0.2

Education ≤12 years　 76 (68.5)

Data are expressed as the number (%) or mean ± SD

ACE angiotensin converting enzyme, ARB angiotensin II receptor
blockers, CCB calcium channel blockers, WHO-5 WHO 5-item well-
being index

Table 2 Participants’ blood pressure profiles

Variables Values

Office BP Systolic, mmHg 138.2 ± 18.1

Diastolic, mmHg 73.0 ± 11.1

Pulse rate, bpm 72.5 ± 11.4

Home BP Systolic, mmHg 141.9 ± 14.8

Diastolic, mmHg 72.2 ± 8.4

Pulse rate, bpm 64.1 ± 7.7

CV of home BP Systolic 6.7 ± 1.9

Diastolic 6.8 ± 2.4

Pulse rate 6.7 ± 2.5

Hypertension by office BP >140/90 mmHg 48 (43.2)

Hypertension by home BP >135/85 mmHg 71 (64.0)

Data are expressed as the number (%) or mean ± SD

BP blood pressure, CV coefficient of variation
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p= 0.042 for SBP; b=−0.28, p= 0.032 for DBP).
In addition to BP variability, gait speed was associated with
the MoCA-J score. Concerning the association between the
CV quartiles of HBP and the subdomain score of MoCA-J,
the subdomain score of visuoexecutive decreased sig-
nificantly with higher CV levels of SBP, and the score
of attention decreased with higher CV levels of DBP
(Supplementary Table 3).

Discussion

Among community-dwelling oldest-old people aged 85–87
years, a negative association between BP variability asses-
sed by CV of HBP and cognitive function assessed by the
MoCA-J score was found. However, the value of HBP was
not associated with cognitive function.

There are growing reports that BP variability affects
cognitive impairment [8, 9]. Although BP variability was

defined mainly as visit-to-visit BP variability based on
office BP in most studies [8], some studies have shown an
association between HBP variability and cognitive decline
or dementia [12–15]. The Ohasama study demonstrated that
day-to-day BP variability in systolic HBP and home SBP
values were associated with cognitive decline [13].
The Hisayama study investigated significant associations
between higher day-to-day HBP variability and dementia
[14]. These studies included subjects with average ages of
63 and 71 years, respectively. A study in China targeting
people aged 80 years or older demonstrated that a higher
CV of systolic HBP was associated with a lower MMSE
score [15]. Consistent with these findings, our analyses
indicated that increased HBP variability is an independent
contributor to the MoCA-J score in Japanese oldest-old
individuals.

Excessive BP variability may lead to lower cognitive
performance due to cerebral functional impairment and
structural vascular changes [8, 25, 26]. Hemodynamic

(a) (b)

(c) (d)

r=0.26 
p=0.006 

r=0.20 
p=0.034 

r=0.04 
p=0.707 

r=0.01 
p=0.895 

Fig. 1 Scatter plots of associations between HBP variables (mean HBP and CV of HBP) and MoCA-J. Regression lines are (a) y= 21.69+
0.0084×, (b) y= 22.51+ 0.0052×, (c) y= 25.35–0.37×, and (d) y= 25.37–0.37×
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instability associated with exaggerated BP variability could
increase stress on the vessel wall and lead to microvascular
damage and vascular endothelial dysfunction [8, 25].
Excessive BP variability may cause decreased perfusion and
oxygenation as BP decreases, especially in individuals
without hypertension [26]. In older people, higher BP could
be a compensatory mechanism to maintain organ perfusion.
Even in individuals with hypertension, excessive BP
variability might cause decreased perfusion in the oldest-
old. Cerebral microvascular damage and disturbed perfu-
sion lead to functional impairment and structural vascular
changes of the brain via neuronal cell injury and ischemia,
which may lead to cognitive impairment or dementia. As
BP variation increases with age [11], the influence of BP
variability on microvascular damage, vascular endothelial
dysfunction, and reduced perfusion might be prominent in
the oldest-old population. In addition, increased BP varia-
bility may reflect arterial stiffness or autonomic neuropathy
[27, 28], which may partly mediate the association between
BP variability and cognitive impairment, although home
pulse pressure was not associated with cognitive function.

Not only SBP variability but also DBP variability was
associated with cognitive function in the present study. The
association between DBP variability and cognitive impair-
ment was less consistent in previous studies [13, 14, 29, 30].
This inconsistency may have arisen from different char-
acteristics of the study populations, different definitions of
BP variability or cognitive function or other unknown cau-
ses; age could also partly explain the inconsistency. DBP is
the main determinant of the mean pressure, which is an
indicator of organ blood flow. Excessive DBP variability
may cause cerebral ischemia. This possibility might be
greater in older people, as DBP tends to spontaneously
decrease with aging as a result of stiffening of the arterial
wall and decreasing vessel wall compliance [31].

In the present study, neither HBP nor office BP was
associated with cognitive function. Many epidemiological
studies have identified hypertension or high BP in mid-life
as a risk factor for later-life cognitive decline or the
development of dementia [5]. On the other hand, a con-
flicting association between late-life BP and cognitive
functioning, with no associations or a U- or J-shaped
association, has been demonstrated [5]. In some long-
duration follow-up studies, trajectories of BP differed
depending on the dementia status and antihypertensive
medication [32]. The association between BP and cognitive
impairment is complex and involves various factors, such as
age, duration of hypertension, hypertensive medication, and
comorbid health status, especially in older people [5, 33]. In
this age group, it might be difficult to discuss the associa-
tion with cognitive function using only once-measured BP
levels, whether based on casual office BP measurements or
HBP measurements.Ta
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In the present analysis, gait speed was significantly
associated with cognitive function. Several previous studies
indicated that a slow gait speed was a predictor of cognitive
decline or dementia [34]. Our study also showed that phy-
sical and cognitive functions are related in oldest-old peo-
ple. It was shown that physical function may need to be
considered when examining the cognitive function of the
elderly.

To the best of our knowledge, the present study provides
the first evidence that increased day-to-day HBP variability
is associated with poorer cognitive function assessed by
MoCA-J in a community-dwelling oldest-old population.
The underlying mechanism and clinical significance might
differ between the types of BP variability [35]. The high
availability, feasibility, utility, and tolerability of HBPM
have been acknowledged. Measurement of HBP is possible
for both hypertensive and nonhypertensive individuals. The
utility of HBP measurement is marked in older adults who
demonstrate a higher hypertension prevalence, white-coat
hypertension prevalence, and BP variability than younger
adults [10, 11]. It is clinically valuable for the association
between HBP variability and cognitive function to be
clarified. However, another BP variability index, for
example, orthostatic hypotension, which is supposed to
indicate major BP variability in older people, has also been
reported to be associated with cognitive impairment [36].
Further investigations are required to elucidate the rela-
tionship between each BP variability index and to clarify
the influence of the variability indices on cognitive
impairment in the oldest-old population. In addition,
MoCA-J, exhibiting a comparatively normal distribution,
has been reported to show higher sensitivity to a subtle
cognitive change than conventional tools such as the mini-
mental state examination [20, 21]. MoCA-J is a useful tool
for detecting MCI, a transitional stage between natural
aging and dementia. In addition, different global cognitive
tests incorporate different cognitive domains. In the present
study, increased HBP variability was associated with the
visuoexecutive and attention domains. Zhao JH et al.
reported that patients with cerebral hypoperfusion after
cerebral angiostenosis or occlusion had lower scores in the
visuoexecutive, attention, abstraction, and recall domains
[37]. Working memory and attention inhibition are closely
related to executive functions [38]. These cognitive pro-
cesses rely on the integrity of frontal and subcortical brain
structures [5, 38]. The exact mechanism responsible for the
effect of BP variability on specific domains of cognitive
impairment is unclear, and hypoperfusion caused by exag-
gerated BP variability might lead to ischemia in the cerebral
area. Using different cognitive tests could contribute to a
further exploration of the relationship between HBP and
cognitive function.

There were several limitations of this study. First, due to
the nature of the cross-sectional study design, our findings
do not clarify the causal relationship between HBP varia-
bility and cognitive function. A reverse association may be
present as well. Irregularity or errors in self-measurement
and poor medication compliance could lead to greater BP
variability. Second, our sample size was small. However, as
we used a narrow age-range design, age, which largely
affects cognitive function and BP variability, was controlled
for. Third, the study participants were recruited from a pool
of volunteers who could participate in the survey on site.
Most of the participants live independently and had a
relatively higher level of cognitive function. A previous
study involving Japanese community-dwelling older people
reported that the mean MoCA-J was 21.4 for individuals
75–85 years old and 20.5 for individuals ≥80 years [39].
Thus, the participants were not a representative sample of
oldest-old individuals in the general population. The results
cannot be applied to all older people.

Among community-dwelling oldest-old people,
increased day-to-day BP variability assessed by HBP
measurements was significantly associated with poorer
cognitive function assessed by MoCA-J. When measuring
HBP, attention should be paid not only to the values but
also to their variations. Even for the oldest-old who can live
independently in the community, cognitive function tests
might be recommended if BP variability is relatively high. It
is desirable to clarify the causal relationship between HBP
variability and cognitive decline in the oldest-old population
with a prospective study.
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