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ABSTRACT

Background: Orthostatic reductions in blood pressure upon standing are common among
the elderly. This orthostatic blood pressure changes may relate to the augmentation of
postural sway and be an important risk factor for falls. Thus, to clarify whether
orthostatic blood pressure change on standing up from a chair is relevant to postural sway,
we simultaneously measured changes in blood pressure and the movement of a weighted
center upon standing.

Methods: A total of 63 older adult females were investigated. Blood pressure (systolic
blood pressure: SBP, diastolic blood pressure: DBP) measured in a sitting position were
defined as the baseline levels. The movement of center of pressure (COP) was measured
using a stable force platform to quantify postural stability. Subjects were instructed to
stand up from a chair on the platform and maintain an upright position with their eyes
open for 40s. Upon standing, blood pressure and the movement of COP were recorded.
Pearson's correlation was performed to determine relationships between the changes in
BP and the movement of COP (distance of the movement of COP: LNG, envelopment
area traced by the movement of COP: AREA).

Results: SBP was reduced while maintaining an upright position for 40s (-5.0£8.6

mmHg), but not DBP (0.6+4.3 mmHg). Moreover, the change in SBP showed a negative



relationship with LNG (r=-0.43, P<0.01) and AREA (r=-0.31, P<0.05).
Conclusions: These results suggested that postural change influenced SBP and that the
drop of SBP was associated with augmentation of postural instability in older adult

females.
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Introduction

Standing results in the displacement of 300-1000 ml of blood from the central
body compartments to the lower parts of the body, which in turn causes a reduction in
venous return to the heart, resulting in decreased cardiac output and a subsequent
lowering of blood pressure (BP) . The phenomenon, called orthostatic hypotension
(OH), is often associated with the following symptoms: dizziness, fatigue,
light-headedness, and/or syncope “°. OH (defined as a decrease in systolic BP (SBP) of >
20 mmHg and/or decrease in diastolic BP (DBP) of > 10 mmHg within 3 min of standing

"®) is a common condition with a prevalence as high as 30% in elderly people **.

1417 \which are one of the

Moreover, OH is considered an important risk factor for falls
principal causes of reduced activities of daily living and a lower quality of life in the
elderly.

On the other hand, it is known that elderly people display increased postural
swaying during movement of the center of pressure (COP) **%°. This age-related
augmentation of postural instability may be affected by orthostatic BP changes and
increase the risk of falls ***’. However, the relationship between the change in BP and the

increase in postural sway upon standing has not been thoroughly investigated. Therefore,

this study aimed to clarify whether the orthostatic BP change upon standing up from a



chair is relevant to postural instability in older adult females.

Materials and Methods
Subjects

A total of 63 older adult females (mean age: 71.4 £ 6.5 years) were investigated
in this study. All subjects professed to be in good health on a standard medical
examination questionnaire and lived independently in the community. The characteristics
of the study population including their anthropometric data are shown in Table 1. None of
the subjects had diseases that are known to influence the neuromuscular function of the
lower extremities, such as lumbar spondylosis-related lumbar radiculopathy or a
cerebrovascular-related accident. However, three subjects had diet-controlled diabetes.
Another twenty-seven subjects were on regular medication for cardiovascular problems
(heart disease, N=9; high blood pressure, N=27). Thirty-three elderly individuals did not
take regular medication. Moreover, prior to the study, we administered the Mini-Mental
State Examination, and all subjects passed (threshold for a passing score = 25).

Each subject was informed in advance of the purpose of the study and of the
procedures involved, and their consent was obtained. This study was performed in

accordance with the Declaration of Helsinki and approved by the Institutional Ethical



Committee of Nagasaki University.

Measurements

SBP, DBP, and pulse rate (PR) were measured during sitting and standing with
an automated blood pressure monitor (HEM770A, Omron Co., Tokyo, Japan). SBP, DBP,
and PR were measured for approximately 30 s. A brachial cuff was placed around the left
arm, which was kept in a fixed position at heart level with a sling. The movement of the
center of pressure (COP) was measured using a stable force platform (GS-30, Anima Co.,
Tokyo, Japan) to quantify postural stability. The equipment consisted of a triangular steel
platform connected to a feedback unit. The machine was designed to assess the
movement of the COP using three verticality load sensors placed on the corners of an
isosceles triangle in the horizontal plane with the center of gravity of the subject located
within the center of the triangle. Distance of the movement of the COP (LNG) and the
area traced by the movement of the COP (AREA) were measured for 30 s and are

represented both numerically and graphically.

Procedure

All experiments were performed in a quiet room, which was controlled at an



ambient temperature of 22-25°C, between 10:00 a.m. and 12:00 noon. After the

instruments had been prepared, each subject was allowed to sit on a chair for more than

10 min in order to allow their cardiovascular variables to stabilize. After resting, the first

measurements of SBP, DBP, and PR were performed in a sitting position. The values of

SBP, DBP, and PR measured in a sitting position were defined as the baseline levels. The

subjects were instructed to stand up from a chair on a platform without their shoes and to

maintain an upright position for 40 s with their eyes open, their right arm at their side,

and their feet close together. The examination was performed with the subjects’ eyes

focused on a round red dot (3 cm in diameter) located on a white wall, which was set at a

distance of 2 m away from the subject. The changes in SBP, DBP, PR, and COP (LNG

and AREA) were simultaneously measured for 30 s from 2 s after the onset of standing

(shown in Fig. 1).

Statistics

The values of SBP, DBP, and PR during standing were statistically compared
with the baseline levels using the paired-t test. Correlations between the changes in BP
(ASBP and ADBP) and PR from the baseline values and the movement of the COP (LNG

and AREA) were performed using the Pearson’s correlation coefficient. Furthermore, the



subjects were divided into two groups (hypertensive medication users and non-users), and
comparisons of the anthropometric data and the changes in SBP, DBP, PR, LNG, and
AREA that occurred in response to orthostatic challenge between the two groups were
performed using the unpaired-t test. Moreover, comparisons of categorical variables were
carried out using the chi-square test (or Fisher’s exact test). The level of statistical
significance was defined as P < 0.05. The data are expressed as the mean + standard

deviation.

Results
Cardiovascular responses to orthostatic challenge

The baseline values of SBP, DBP, and PR during sitting on a chair were 149.5 +
20.6 mmHg, 87.5 £ 10.1 mmHg, and 71.7 + 11.7 beats/min, respectively. On the other
hand, SBP was reduced by -5.0 + 8.6 mmHg (P < 0.05) while the subjects maintained an
upright position for 40s, whereas DBP did not change (0.6 + 4.3 mmHg) (Fig. 2A, 2B).
PR increased by 5.0 + 3.9 beats/min during standing (Fig. 2C). The prevalence of OH in

these community-dwelling older adult females (N=63) was 13%.

Relationships between cardiovascular responses and the movement of the
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COP at the onset of rising from a chair

The mean values of LNG and AREA were 48.5 + 13.0 cm and 3.0 + 1.3 cm?,
respectively. Moreover, the change in SBP showed negative relationships with LNG
(r=-0.43, P<0.01) and AREA (r=-0.31, P<0.05) (Fig. 3). However, there was no
relationship between the change in DBP and LNG (r=-0.07, P=0.96) or AREA (r=0.13,
P=0.31). Similarly, the change in PR did not show a significant association with LNG
(r=0.17, P=0.19) or AREA (r=0.21, P=0.11).
The differences in cardiovascular responses to and postural sway after
orthostatic challenge in the subjects with or without hypertensive medication

The characteristics of the hypertensive medication users and non-users are
summarized in Table 1. There were no differences in the anthropometric data between the
two groups. On the other hand, many of the hypertensive medication users had
cardiovascular problems (hypertension, N=27, 100%, P < 0.001; heart disease, N=9, 33%,
P < 0.001).

The changes in SBP, DBP, PR, LNG, and AREA in the hypertensive medication
users (N=27) at the onset of rising from a chair were -6.7 £7.9 mmHg, 0.2 £ 3.0 mmHg,
4.3 + 3.3 beats/min, 46.6 + 11.8 cm, and 3.2 + 1.3 cm?, respectively. The responses to

orthostatic challenge of the hypertensive medication users did not differ from the



11

responses of the non-users (N=36, SBP; -4.5 £9.1 mmHg, DBP; 0.9 + 5.0 mmHg, PR; 5.6

+ 4.4 beats/min, LNG; 49.9 + 13.8 cm, AREA; 2.9 + 1.3 cm?) (Table 2).

Discussion

The purpose of this study was to clarify whether the orthostatic BP change that
occurs during standing up from a chair is relevant to postural instability in older adult
females. Our major findings were that SBP was reduced while the subjects maintained an
upright position and that a negative correlation was observed between the change in SBP
and the movement of the COP. These results suggested that the orthostatic reduction in
SBP evoked by standing was associated with the augmentation of postural sway in older
adult females.

OH was detected in 13% elderly participants (8 of the 63 participants) in this
study. This incidence rate agreed with those found in previous studies, which reported
that OH occurred in 6-30 % of elderly people **3. Neural dysregulation of BP strongly
affects the incidence of OH. In patients with autonomic dysfunction, OH results from an
impaired capacity to increased vascular resistance during standing *. Neural dysfunction
leads to augmented downward pooling of venous blood and a consequent reduction in

stroke volume and cardiac output that exaggerates the orthostatic fall in BP *. In addition,
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multiple factors have been linked to the incidence of OH including age, bed rest, low
body mass index, medication, and the timing of food intake ** %*. The changes in BP that
occur after postural challenge are probably modulated by the interaction of these factors
in elderly people.

On the other hand, the present results indicated an orthostatic fall in SBP, but not
DBP, at the onset of standing up from a chair. Since elderly subjects show increased
sympathetic and decreased parasympathetic activity as well as impaired arterial

baroreflex function 2228

, elderly subjects maintain their blood pressure in the upright
position essentially through increased peripheral resistance, whereas they increase their
heart rate less than the young 2"?%. Therefore, the orthostatic decline in SBP might be
more prominent than that in DBP.

OH is known to be one of the underlying causes of falls ***". Heitterachi et al.*’
reported that elderly fallers (subjects who had experience of falling during a 12 month
follow-up survey) displayed significantly greater decreases in systolic blood pressure
when they tilted their head up by 60° than non-fallers. Other studies have also indicated
that OH is prevalent in older people who fall frequently **. In the present study, the

orthostatic change in SBP was associated with an increase in the movement of the COP.

Falls in the elderly may be affected by postural instability due to a drop in SBP at the
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onset of rising from a chair. Several studies, using transcranial Doppler sonography or
near infrared spectroscopy, have shown cerebral vasoconstriction and lower cerebral
perfusion during orthostatic stress in healthy adult subjects 2**2. Cerebral hypoperfusion
due to an orthostatic decline in SBP may influence postural control, thereby contributing
to the augmentation of postural instability.

Changes in the motor and sensory functions are also considered to be responsible
for the augmentation of postural instability®* . There is some evidence that reduced
lower extremity strength is associated with poor balance and a greater risk of falls **%.
Furthermore, the sensory inputs from the visual, vestibular, proprioceptor, and
somatosensory systems constitute the primary elements necessary for the central nervous
system to process postural control information. Aging also affects the sensory systems,
resulting in increased postural instability and falls ***°. In the present study, a moderate
correlation between the change in SBP and the movement of the COP was observed.
These results suggest that postural instability at the onset of rising from a chair is
influenced by not only the orthostatic change in SBP but also other factors including
changes in motor and sensory functions. Further studies are required to investigate the

effects of other factors and to verify the major determinant of postural sway upon

standing.
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In this study, the twenty-seven subjects were on regular medication, and most of
the subjects were taking medication for hypertension. Several studies have suggested that
the use of anti-hypertensive medication triggers falls in hypertensive subjects “>**. Blood
volume depletion due to diuretics or blood pressure fluctuations caused by
anti-hypertensive drugs may augment orthostatic BP changes. However, the changes in
BP and the COP at the onset of rising from a chair did not differ between
anti-hypertensive medication users and non-users in this study. Furthermore, some
previous cross-sectional studies have found no association between anti-hypertensive
therapy and postural changes in SBP ****. Considered together, these studies suggest that
the use of anti-hypertensive medication has little influence on orthostatic SBP control and
postural instability, at least immediately after rising. The effects of the other medications
on orthostatic BP control and postural instability are unclear but warrants examination.

One limitation of our study is that we only examined female subjects, since few
male subjects were enrolled. Previous study has reported that females display a lower
tolerance to orthostatic challenge than males **. This gender effect may also influence the
relationship between orthostatic BP changes and postural sway. Moreover, this study was
too small to detect any differences in the relationships between the type of

anti-hypertensive medications used and orthostatic BP control or postural instability.



Further studies are necessary to clarify these points.
In conclusion, the orthostatic change in SBP evoked immediately after rising
from a chair is related to postural instability in older adult females, which in turn may

increase the risk of falls.
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Table 1. Characteristics of the hypertensive medication users and non-users

Hypertensive medication users ~ Non-users Difference between
(n=27) (n=36) users and non-users
(P value)
Age (years) 71.5+4.9 71.4+7.6 0.939
Height (cm) 147.9+5.3 1485+ 7.5 0.741
Weight (kg) 49.2 +5.3 48.1+7.6 0.527
Body mass index 22520 22.0+3.2 0.537
Medical conditions (number)
Hypertension 27 0 <0.001
Heart disease 9 0 <0.001
Hyperlipidemia 2 1 0.572
Diabetes 1 2 > 0.999

Mean * standard deviation.
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Table 2. Comparison of postural sway and the cardiovascular responses to

orthostatic challenge between the hypertensive medication users and non-users

Hypertensive medication users Non-users Difference between
(n=27) (n=36) users and non-users
sitting standing sitting standing (P-value)

SBP (mmHg) 153.5£19.2 146.9+18.4 146.7+21.4 142.2+24.1 0.337
DBP (mmHg) 87.6+7.1  87.8+6.8 87.4+11.8 88.3+13.2 0.548
PR (beats/min) 66.3+7.1 70.518.0 76.2+12.8 81.8+13.8 0.218
LNG (cm) 46.6+11.8 49.9+13.8 0.321
AREA (cm?) 3.2+1.3 2.9+1.3 0.409

Mean + standard deviation.
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Figure 2. Responses of SBP (A), DBP (B), and PR (C) to orthostatic challenge.

Each parameter was compared with the baseline value obtained during sitting (open bar)

and the value produced after orthostatic challenge (closed bar).
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Figure 3. Associations between the orthostatic SBP change and LNG (A) or

AREA (B). The linear regression lines shown in A and B are represented by y=-0.29

x+8.50 (r=0.43, P=0.01) and y=-1.99x+0.57 (r=0.31, P<0.05), respectively.
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