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Abstract

Objectives High tolerance to postural changes was ex-

amined in nurses.

Methods Twelve female nurses and 12 healthy controls

underwent a 70� head-up tilt (HUT) test for 10 min. Blood

pressure (BP), heart rate (HR), pulse pressure, and hor-

mone levels were measured. Baroreceptor sensitivity

(BRS) was calculated using a sequence technique.

Results HR increased during HUT in both subject groups,

with no difference between groups. Systolic BP was

rapidly increased by HUT in both subject groups, and was

higher in the nurse group than in the control group during

the first 2 min of HUT. Pulse pressure decreased during

1–2.5 min of HUT in the control group, but there was no

decrease in the nurse group. BRS was decreased by HUT in

the nurse group, while it tended to be decreased in the

control group. Both during baseline and HUT, BRS was

lower in the nurse group than in the control group. Plasma

noradrenaline increased with HUT, and the increase was

greater in the nurse group than in the control group.

Conclusions Although nurse subjects had a lower BRS

during HUT than control subjects, they were able to ef-

fectively maintain BP during HUT, suggesting that nurse

subjects had higher orthostatic tolerance. The better

maintenance of BP in nurse subjects appeared to be

associated with a compensatory mechanism other than the

arterial baroreflex and/or a hemodynamic mechanism.

Keywords Baroreflex � Blood pressure � Head-up tilt �
Nurse � Orthostatic tolerance

Introduction

Typical work for nurses tends to have a high degree of

physical activity. For example, a study reported that energy

expenditure for physical activity performed on the working

days of clinical nurses was 1.5 times more than that of most

office workers [1]. Studies using motion analysis found that

the routine work of nurses is characterized by assuming a

standing position for long periods of time and by frequently

changing the body posture throughout the working time [2,

3]. This indicates that it might be advantageous for nurses

to have a high tolerance to orthostasis because, if tolerance

is low, the ability to perform their duties could be dimin-

ished. However, to our knowledge, orthostatic tolerance of

nurses has not been studied.

When body posture is changed from a supine to upright

position, blood shifts to the lower part of the body. This

blood shift then reduces the venous return, so that the

cardiac output and blood pressure (BP) tend to decline.

This BP reduction, however, is compensated partly by

various reflex mechanisms including arterial baroreflex [4,

5], cardiopulmonary reflex [6, 7], vestibulosympathetic

reflex [8], or venoarteriolar axon reflex [9], and thus BP is

maintained during an upright posture. Improvement in

orthostatic tolerance is achieved by improving orthostatic

cardiovascular responses [10]. For example, exercise

training (moderate, but not severe) can improve orthostatic

tolerance [11]; the underlying mechanism is assumed to
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involve increased blood volume [11, 12], reduced leg ve-

nous compliance [13], and an altered baroreflex function

[11, 13].

Among compensatory mechanisms, the arterial barore-

flex plays a primary role in the maintenance of BP during

posture change [5]. Arterial baroreflex function is usually

evaluated by baroreflex sensitivity (BRS), which is defined

as the slope of the baroreflex function curve. The baroreflex

function curve describes an input–output relationship of the

baroreflex, and is represented as a (inverse) sigmoidal

curve [14]. In addition, arterial baroreflex function includes

the mechanism of ‘‘resetting’’ [15, 16], by which the

baroreflex function curve can shift horizontally or verti-

cally [15–17]. In fact, it has been demonstrated that HUT

may induce a rightward shift of the function curve to in-

crease sympathetic vasoconstriction, and thereby protect

against hypotension [17, 18].

In this study, we hypothesized that nurses have an im-

proved orthostatic tolerance because of excellent cardio-

vascular responses to orthostasis. Therefore, we examined

the responses of BP, heart rate (HR), several hormones

related to cardiovascular regulation, and arterial baroreflex

sensitivity (BRS) to the HUT test, and the results were

compared between the nurse and control subjects.

Methods

Subjects

Participants in this study were recruited according to the

Declaration of Helsinki. All participants thoroughly un-

derstood the contents provided by oral and written expla-

nation, and gave their written consent. The experiments

were conducted with sufficient safety considerations. This

study was conducted under the approval of the Human

Subjects Ethics Committee of the School of Medicine,

Aichi Medical University, and the Ethical Committee of

the Japanese Red Cross Nagoya Daiichi Hospital.

Subjects were recruited by posting a public notice in

several universities and a hospital. A total of 24 female

subjects, which included 12 healthy nurses and 12 healthy

controls, volunteered. They had no underlying diseases and

no history of syncope, and had regular menstrual cycles.

They were not athletes and had no habits of daily exercise.

They did not smoke. All 12 subjects in the nurse group had

worked in the hospital emergency ward on three different

shifts (day, evening, and night) for more than 3 consecutive

years, and they had worked as a nurse for 3–14 years.

Control subjects were all graduate students, and their daily

life involved research activity in life sciences at the uni-

versity and occasional light work in part-time jobs. The

activity level of the control subjects in their private out-of-

work hours was estimated to be fundamentally comparable

with that of the nurse subjects. However, the activity level

of the control subjects during work hours was estimated to

be equivalent to an ordinary office worker. None of the

control subjects had ever experienced night shift work.

Experimental protocol

The HUT test was performed using a motorized tilt table

according to the guidelines provided by the American

College of Cardiology Expert Consensus [19]. HUT testing

was performed in a sound proof room at an air temperature

of 26.4 ± 0.1 [SE] �C, and humidity of 39 ± 3 %. Mea-

surements were made within 7 days after the initiation of

menstruation. Before starting the experiments, each subject

was informed of the measurement method using the tilt

table, and subsequently underwent body tilting on the table

to familiarize themselves with the procedure.

Measurements were performed at 18:00, during the off-

shift period that intervened between a day shift and the

subsequent night shift. Subjects were required to abstain

from eating for 3 h and from drinking about 30 min prior

to the test. They were also asked to urinate 1 h prior to the

test.

The test subject, after having entered the test room,

rested supine on the tilt table. Electrocardiograph (ECG)

electrodes and a BP cuff were attached, and ECG and BP

were recorded continuously. An intravenous route was then

constructed for blood sampling through the left cephalic

vein using a heparin sodium-locked syringe (Otsuka

Pharmaceutical Co, Tokyo, Japan). After the supine rest for

30 min, a blood sample of about 20 ml was taken. When

HR and BP became stable, the tilt table was elevated to a

70� angle in 30 s. At 10 min of HUT, another blood sample

was taken, and the tilt table was returned to the 0� position.
Measurements were continued further for 10 min.

The test was terminated according to the criterion of the

development of presyncopal signs and symptoms such as a

drop in arterial BP below 80 mmHg, discomfort, dizziness,

nausea, sweating, or the subject request to discontinue the

test. Subjects who discontinued the test were asked whether

they agreed to repeat it on a later day.

Measurement of heart rate and BP

ECG data were recorded using a bioamplifier (AB621G,

Nihon Kohden, Tokyo, Japan). Signals were sampled at

1000 Hz via an A/D converter. Thus, digitalized ECG

signals were stored in a computer and later processed using

Tonam2C software (Tonam2C Version 1.0 for Windows,

Suwa Trust Ltd, Tokyo, Japan) to obtain BRS.

BP (systolic blood pressure SBP; and diastolic blood

pressure, DBP) was measured beat-to-beat using digital
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photoplethysmography (Finapres [20, 21], Model 2300,

Ohmeda, Tokyo, Japan). The cuff was placed on the second

phalanx of the third finger of the subject’s dominant hand,

which was positioned at the height corresponding to the

heart throughout the rest period and the elevation of the tilt

table. BP data were sampled at 1000 Hz via an A/D con-

verter, and data were stored, together with ECG data, in a

computer using Tonam2C software. Pulse pressure was

calculated as SBP–DBP (mmHg).

Measurement of BRS

We used the sequence technique [22, 23] to obtain BRS

(ms/mmHg). Briefly, SBP and RR interval were deter-

mined beat-to-beat from the digitalized data using the

Tonam2C software; sequences of three or more con-

secutive heart beats, in which SBP consistently increased

or decreased and heart beats consistently decreased or in-

creased, were identified, and the slope of the regression line

relating the SBP to RR interval was calculated for each of

these sequences. Sequences with a correlation coefficient

of the relationship between the SBP and RR interval of

greater than 0.85 were selected, and for each sequence the

slope of the regression line was determined to reflect BRS.

BRS value was determined as the average value of all the

slopes obtained during 10 min previous to HUT and during

10 min of the HUT.

Blood analysis

Blood samples were centrifuged at 14209g for 10 min at

4 �C. The separated plasma was frozen at -35 �C, and was

sent to a laboratory (SRL Corporation, Nagoya, Japan) for

analysis of plasma concentration of adrenaline, nora-

drenaline, vasopressin, and renin. Plasma adrenaline and

noradrenaline were measured using an HPLC method.

Plasma vasopressin was measured using a double-antibody

radioimmunoassay. Plasma renin concentration was mea-

sured using a solid phase radioimmunoassay method.

Statistical analysis

Data are expressed as mean ± standard error of mean (SE).

Time-serial data of HR, BP (SBP and DBP), and pulse

pressure were analyzed by averaging every 30 s. Time-

serial change was tested using one-way repeated measures

analysis of variance (ANOVA). Differences between pre-

HUT value and the value at various time points in time-

serial data were tested using Dunnett inequalities. Differ-

ences between nurse and control groups for HR, SBP,

DBP, and pulse pressure were tested using two-way re-

peated measures ANOVA.

Differences between two groups for BRS during the pre-

HUT and during the HUT and for the changes in BRS by

HUT were tested by the Mann–Whitney test. Hormone

concentrations at pre-HUT and at the end of HUT were

compared by the Wilcoxon test. Changes in hormone

concentrations by HUT were compared between the two

groups using the Mann–Whitney test. Analysis of con-

founding factor was performed using ANCOVA.

A significance level of p\ 0.05 was used for all tests.

The statistical software used was IBM SPSS Statistics Ver.

19 for Windows.

Results

All 12 nurse subjects completed the HUT test with no

presyncopal signs or symptoms, while two out of 12 con-

trol subjects discontinued the test because of hypotension

and discomfort. One out of the two subjects who discon-

tinued the test repeated it again on a later day, and com-

pleted it safely. Consequently, the data from the 12 nurse

subjects (aged 29.5 ± 1.2) and 11 control subjects (aged

24.1 ± 1.0) were available for analysis. The age of the

subjects was significantly different between the two groups

(p = 0.005, Table 1), but the height, weight, and BMI did

not differ significantly (Table 1).

The pre-HUT (baseline) values of HR, SBP, DBP, and

pulse pressure were not significantly different between the

nurse and control groups (Table 2). Time-serial data of

HR, SBP, and DBP were expressed as the change from the

pre-HUT (time 0), i.e., D value.

The DHR, in both the nurse and control groups, rapidly

increased during the first 1 min, and then slowly increased

up until 2.5 min (Fig. 1a). The increase from the pre-HUT

value was significant at any point of time after 1 min in

both groups. The change during 10 min of HUT was sta-

tistically significant (p\ 0.001 for the nurse group and

Table 1 Physical and habitual characteristics of subjects

Variable Nurse Control

Age (years) 29.5 ± 1.2* 24.1 ± 1.0

Height (cm) 158.8 ± 2.0 158.4 ± 1.2

Weight (kg) 56.1 ± 2.0 53.7 ± 3.0

BMI 22.2 ± 0.7 21.3 ± 1.1

Experience as a nurse (years) 7.5 ± 1.2 0

Smoking habit (years) 0 0

Habit of exercise (years) 0 0

Values are mean ± SE

* p\ 0.01 compared with control
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p\ 0.001 for the control group, one-way ANOVA).

However, the difference between the two groups was not

statistically significant over the 10-min period of HUT.

The response of DSBP to HUT was different between

the groups (Fig. 1b). As for the control group, the DSBP
did not change significantly during the first 1 min of HUT.

Afterward, it rapidly increased until reaching 2 min of

HUT, and subsequently leveled off at a level of about

15–20 mmHg above the pre-HUT value. DSBP was

maintained at this level for about 4 min, and subsequently

declined gradually toward the end of HUT. This serial

change was significant (p\ 0.001, one-way ANOVA). In

the nurse group, the DSBP did not change during the first

30 s, but rapidly increased until reaching 1 min of HUT,

and subsequently leveled off at a level of 20–30 mmHg

above the pre-HUT value. This level was maintained until

2.5 min, and finally declined steadily. This serial change in

the nurse group was also significant (p\ 0.001, one-way

ANOVA). Two-way ANOVA revealed that DSBP was

significantly greater in the nurse group than in the control

group for the period of time between 0 and 2 min

(p = 0.028), but was not significantly greater for the period

of time between 0 and 10 min.

The DDBP showed a similar trend as the DSBP, in both

the nurse and control groups (Fig. 1c), with significant

changes during 10 min of HUT for each group (p\ 0.001

for the control group and p = 0.005 for the nurse group,

one-way ANOVA). However, no significant difference

between the nurse and control groups was observed in the

early stage, as well as during the 10-min HUT period.

The pulse pressure was also different between the

groups (Fig. 1d). In the control group, the serial change

during 10 min of HUT was significant (p = 0.009, one-

way ANOVA), and the change from the pre-HUT value

was significantly lower at 1 and 1.5 min (p\ 0.001 and

p = 0.001, respectively). In the nurse group, the serial

change during 10 min of HUT was not significant, and the

difference from the pre-HUT value was not significant at

any point of time. Two-way ANOVA revealed that pulse

pressure was significantly greater in the nurse group

compared with the control group between 1 and 2.5 min

(p = 0.038).

BRS value during pre-HUT was significantly lower in

the nurse group as compared with the control group

(p = 0.010; Fig. 2), and BRS during HUT was also sig-

nificantly lower in the nurse group (p = 0.003). Further-

more, in the nurse group, the BRS was decreased

significantly by HUT (p\ 0.001), whereas in the control

group BRS tended to be decreased by HUT (p = 0.062).

Nevertheless, the decrease of BRS by HUT was not sig-

nificantly different between the groups, indicating that the

magnitude of the response of BRS to HUT was not dif-

ferent between groups.

For each hormone (Table 2), the pre-HUT value was

not different between the groups. However, each hor-

mone increased significantly during HUT. Accordingly,

we analyzed the increment of each hormone as reflecting

the degree of the response to HUT. The results indicated

that the increment for noradrenaline was significantly

greater (p = 0.045) and that for adrenaline was sig-

nificantly smaller (p = 0.036) in the nurse group com-

pared with the control group, while the increment for

vasopressin and for renin did not differ significantly be-

tween the two groups.

Discussion

The main results of this study are as follows: (1) DSBP
showed an overshoot response during HUT in both the

nurse and control groups; (2) the overshoot response of

DSBP was significantly greater in the nurse group than in

Table 2 Changes in hormones and cardiovascular parameters by HUT

Variable Nurse Control

Pre-HUT (a) End of HUT (b) Increment (b–a) Pre-HUT (c) End of HUT (d) Increment (d–c)

Adrenaline (pg/ml) 23.8 ± 3.1 48.7 ± 5.8* 24.9 ± 3.5� 31.5 ± 7.1 75.3 ± 13.4* 43.8 ± 7.0

Noradrenaline (pg/ml) 139.3 ± 19.2 380.3 ± 32.8* 241.0 ± 25.4� 174.7 ± 28.2 352.2 ± 34.2* 177.5 ± 18.2

Renin (pg/ml) 7.5 ± 0.89 8.1 ± 1.5* 0.8 ± 0.8 7.1 ± 0.5 7.8 ± 0.6* 0.7 ± 0.3

Vasopressin (pg/ml) 1.8 ± 0.2 3.9 ± 0.8* 2.1 ± 0.6 1.4 ± 0.1 2.5 ± 0.3* 1.1 ± 0.3

HR (bpm) 67.8 ± 2.6 81.9 ± 3.4 65.8 ± 3.7 77.2 ± 4.2

SBP (mmHg) 125 ± 4.7 142.7 ± 4.7 131.5 ± 6.3 140.7 ± 6.3

DBP (mmHg) 79 ± 5.8 100.7 ± 4.9 88.7 ± 5.9 104.1 ± 5.1

See the text for the difference between groups in the increment from pre-HUT to end of HUT. Values are mean ± SE

* p\ 0.05 compared with pre-HUT; � p\ 0.05 compared with control subjects
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the control group during the first 2 min of HUT; (3) a

reduction in pulse pressure occurred during 1–2.5 min of

HUT in the control group, but it was absent in the nurse

group; (4) BRS was decreased by HUT in the nurse group,

while it tended to be decreased in the control group; and (5)

the increment of plasma noradrenaline concentration dur-

ing HUT was significantly greater in the nurse group than

the control group.

Responses to HUT

Generally, SBP hardly changes during HUT, although it

may decrease transiently at an early stage owing to the shift

of blood to the lower part of the body caused by orthostatic

stress. This reduction is minimal or even absent in a pas-

sive HUT, because of various compensatory mechanisms

including the arterial baroreflex [4, 5].

Surprisingly, we observed both in the nurse and the

control groups that DSBP produced an overshoot in BP,

which endured from the initial 1 or 1.5 min until the end of

HUT. Furthermore, DSBP was significantly higher during

the first 2 min of HUT in the nurse group than in the

control group. Orthostatic tolerance depends on physical

factors such as height, plasma volume, arterial and car-

diopulmonary baroreflex sensitivity, cardiac filling, or

stroke volume [18, 24–26]. Furthermore, brain blood flow

is a critical factor for syncope [27, 28]. A higher BP during

HUT should be advantageous for maintaining the arterial

BP in the brain above the lowest limit of the BP range for

autoregulation (60–140 mmHg for mean BP [27]). Thus,

our observations suggest that the nurses had higher ortho-

static tolerance than the control subjects, at least in the

early stage of HUT. We did not directly measure ortho-

static tolerance, but the high tolerance in nurses is

Fig. 1 HR (a), SBP (b), DBP (c), and pulse pressure (d) responses to
HUT. HR, SBP, and DBP are represented as the change from the pre-

HUT value (D value). *p\ 0.05, **p\ 0.01, and ***p\ 0.001

compared with pre-HUT (time 0); �p\ 0.05 compared with control

group, see text for the details. bpm beats/min. Values are mean ± SE

Fig. 2 Changes in baroreflex sensitivity (BRS) by HUT. *p\ 0.01

compared with pre-HUT; �p\ 0.05, ��p\ 0.01 compared with

control. Values are mean ± SE
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confirmed by our observation that all 12 nurse subjects

were able to complete the HUT test, while two out of 12

control subjects failed to complete it.

Overshooting responses of SBP during HUT somewhat

differed from normal responses reported so far. However,

similar BP responses during HUT were reported in healthy

subjects by Gabbett et al. [29], who conducted a 90� HUT
test on young males, and observed that a BP overshoot in

an early stage of HUT to about 10 mmHg above the supine

value. It has been widely accepted that considerable indi-

vidual variations exist in orthostatic tolerance [25, 26, 30,

31]. Accordingly, we assume that the BP overshoot re-

sponse observed in both subject groups probably reflects

great individual variations in orthostatic tolerance.

Noradrenaline usually increases in response to HUT [32,

33], as is noted in this study. Importantly, the increment in

noradrenaline concentrations by HUT was significantly

greater in the nurse group than the control group. Nora-

drenaline in the blood stream is derived from a spillover

from postganglionic sympathetic nerve fiber endings [34],

and blood noradrenaline concentration is linearly related to

the degree of vasoconstrictor nerve activity [35]. Our ob-

servations indicate that the greater BP overshoot response

observed in the nurse group was closely related to greater

sympathetic (noradrenergic) vasoconstrictor nerve activity.

Hemodynamic mechanism

Hemodynamics is an important element for the mainte-

nance of BP during orthostatic challenge [4]. Since HR

increase reached a significant level at 1 min of HUT, au-

tonomic compensation would have developed at this time

point. At 0.5 min of HUT, SBP, DBP, and pulse pressure

did not differ significantly from pre-HUT in both groups,

suggesting that the hemodynamic mechanism in this initial

stage of HUT should not differ between groups.

In the early stage (1–2 min), in which a compensatory

mechanism occurred, SBP and DBP were elevated in both

groups. Coincidentally, vasoconstriction should have oc-

curred in this stage. Interestingly, while control subjects

showed a transient decrease in pulse pressure at 1 and

1.5 min of HUT, nurse subjects showed no such responses.

Given that pulse pressure is a function of stroke volume

[36], this observation suggests that the reduction in stroke

volume produced by HUT was smaller in the nurse group

compared with the control group. Thus, it is possible that

stroke volume was an important factor in the greater re-

sponse of SBP observed in nurse subjects during the early

stage of HUT.

In the prolonged stage of 2–10 min, SBP and DBP

maintained higher values than the pre-HUT, but with no

apparent difference between the groups. Pulse pressure also

did not differ between the groups. Vasoconstriction

probably maintained a higher level, as is evidenced by the

higher noradrenaline value at the end of HUT.

Compensatory mechanism

Arterial baroreflex

The prolonged elevation of BP observed in both subject

groups, which endured until the end of HUT, was accom-

panied by vasoconstriction. The mechanism of the BP

elevation is difficult to explain based on a single, fixed

baroreceptor function curve because, if BP fluctuation oc-

curred, it should be buffered rapidly by arterial baroreflex

[37], and a BP elevation would not be sustained. However,

such a prolonged elevation of BP during HUT can be to-

tally explained by the ‘‘resetting’’ of the arterial baroreflex

[14–18, 38, 39], which predicts the rightward and upward

shift of the arterial baroreflex curve in this study.

Some recent studies have demonstrated that baroreflex

resetting occurs upon standing, supporting our explanation.

Schwartz et al. [18] demonstrated in humans that the

baroreflex function curve shifts rightward and upward

during HUT to increase vasoconstriction, although they did

not report BP elevation. Kamiya et al. [17] proved in an

animal model that HUT resets the baroreflex control to

increase sympathetic activity to a higher level.

Thus, the theory of resetting is attractive to describe the

whole mechanism of the prolonged elevation of BP, but it

is still defective in direct evidence. For full elucidation of

the baroreflex function curve, invasive measurements such

as the Oxford method or the neck chamber method [16, 18,

37] should be undertaken.

Other compensatory mechanisms

The prolonged BP elevation is otherwise explained by a

compensatory mechanism other than the arterial baroreflex,

such as the cardiopulmonary baroreflex [6, 7] or vestibu-

losympathetic reflex [8]. It is generally accepted that, in a

prolonged stage ([2 min) of orthostasis, BP maintenance is

supported by humoral factors [4, 5]. However, a recent study

has demonstrated that vasoconstrictor nerve activity is still

maintained when an upright posture is prolonged (e.g., for

45 min) [40]. This result clearly indicates an important role of a

compensatory mechanism in the BP elevation during the pro-

longed stage ofHUT in this study. This result supports the view

that the BP elevation during the prolonged stage of HUT was

mediated by the arterial baroreflex (‘‘resetting’’), but it also

proves thepossibility that theBPelevationwasmediated by the

compensatory mechanism other than the arterial baroreflex.

Additionally, it is probable that the compensatory

mechanism other than the arterial baroreflex contributed to

the transient BP elevation that occurred during the first 2 min
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ofHUT,which produced a significant difference between the

nurse and control subjects. The rationale is the general view

that the circulatory response during the early stage (\2 min)

of upright posture is governed by the neurovascular system

[4, 5]. If so, however, with the present data it is impossible to

detect which mechanism was involved.

BRS response

BRS was decreased by HUT in the nurse group, while it

tended to be decreased in the control group. The majority of

studies have shown that BRS is reduced during HUT [41–

43], while a few studies have reported that it is augmented

[30]. Thus, BRS changes in this study were virtually con-

sistent with the former results. However, the physiological

implications of the lower BRS during HUT are unclear. One

plausible explanation is that the reduced BRS during HUT

resulted from an interaction of the arterial baroreflexwith the

cardiopulmonary baroreflex [6]. Furthermore, the reduction

in BRS appears to contribute at least in part to the BP

elevation during HUT, because it diminishes the buffering

effect of the baroreflex onBP, and thereby allowing theBP to

greatly fluctuate [44]. This mechanism may be more effec-

tive in nurses, because nurses have a lower BRS duringHUT.

However, it is still questionable whether the reduction in

BRS is essential for maintaining a higher BP during HUT.

Confounding factors

In this study, BRS was lower in the nurse group than in the

control group. Given that BRS decreases as age increases

[43], and thus is a confounding factor, we examined the

correlation of age with BRS using regression analysis. We

found no significant correlation in either group between

age and BRS. The same results were obtained for corre-

lations between age and SBP, DBP, pulse pressure, and

noradrenaline concentration. Consequently, adjustment by

age was deemed unnecessary. We also examined the re-

lationship between BMI and each of the variables, and

obtained the same results.

Limitations and perspectives

This study had several limitations. First, we did not eval-

uate the physical fitness of the subjects, which can affect

orthostatic tolerance [45]; thus, we did not measure Vo2max.

Second, we did not measure blood volume, which also

affects orthostatic tolerance [11, 12]. Given that physical

training may increase blood volume, moderately fit persons

should attain a higher tolerance to orthostasis because of a

large blood volume [11].

Third, we used the sequence method for evaluating

BRS, which is safety for human subjects and appropriate to

use in field studies because it measures noninvasively un-

der resting conditions. The sequence method estimates the

response of the cardiac component of the arterial barore-

flex, and it is questionable whether it exactly reflects the

vascular component [30, 42]. The vascular component of

the arterial baroreflex can be estimated accurately by

measuring other variables such as vascular resistance [30]

or muscle sympathetic nerve activity [18].

This study is a pilot study examining the orthostatic

tolerance of nurses, and thus gave no insight into the di-

rect physiological or physical factors responsible for the

cardiovascular responses to orthostatic stress. Further-

more, the process by which cardiovascular responses de-

veloped in nurses (whether they occurred inherently or as

a consequence of the long-term adaption to nursing works)

was not identified. Elucidation of this process would

contribute to understanding the mechanisms of individual

variations in orthostatic tolerance existing in healthy

persons.

Our findings have implications for the occupational

health of nurses and other workers who undertake similar

work activities. Future studies in this area should focus on

designing methods for improving orthostatic tolerance in

such workers who have inappropriately poor orthostatic

tolerance. Once established, these methods would greatly

contribute to preventing such workers from dropping out of

their chosen career.

In conclusion, although nurse subjects had a lower BRS

than control subjects, they were able to effectively main-

tain BP during HUT, suggesting that nurse subjects had

higher orthostatic tolerance. The better maintenance of BP

in nurse subjects appeared to be associated with a com-

pensatory mechanism other than the arterial baroreflex and/

or a hemodynamic mechanism.
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