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Comparison of the sit-up test and head-up tilt test for 
assessing blood pressure and hemodynamic responses in 
healthy young individuals
Kazuaki Oyakea,b, Jun Murayamab, Takaki Tateishib, Ayumi Mochidab,  
Mao Matsumotob, Masahiro Tsujikawab, Kunitsugu Kondob,  
Yohei Otakab,c and Kimito Momosea  

Objective The sit-up test is used to assess orthostatic 
hypotension, without the use of a tilt table, in populations 
who are unable to stand. The primary objective of 
this study was to determine the differences in blood 
pressure and hemodynamic responses between the 
sit-up and head-up tilt tests. The secondary objective 
was to determine the hemodynamic responses related to 
changes in blood pressure during each test.

Methods Nineteen healthy volunteers (nine males, 
aged 24.3 ± 2.4 years) underwent the sit-up and head-up 
tilt tests. Systolic and diastolic blood pressure, heart 
rate, stroke volume, cardiac output, and total peripheral 
resistance were measured.

Results The increase in systolic blood pressure (15 ± 9 
vs. 8 ± 8 mmHg) was greater, while the increase in 
heart rate (8 ± 5 vs. 12 ± 8 bpm) and reduction in stroke 
volume (−17 ± 10 vs. −21 ± 10 ml) were smaller during 
the sit-up test than during the head-up tilt test (P < 0.05). 
Additionally, the increases in blood pressure variables 
were significantly associated with the increase in total 
peripheral resistance (P < 0.05), but not with changes in 
other hemodynamic variables in both tests.

Conclusion Although the magnitudes of changes in 
systolic blood pressure, heart rate, and stroke volume 
differed between the tests, the hemodynamic variable 
related to changes in blood pressure was the same 
for both tests. These results may contribute to the 
clinical application of the sit-up test for identifying the 
presence and hemodynamic mechanisms of orthostatic 
hypotension. Blood Press Monit 27: 79–86 Copyright © 
2021 The Author(s). Published by Wolters Kluwer Health, 
Inc.
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Introduction
Postural change from the supine to an upright position 
is accompanied by a redistribution of the intravascular 
volume, in which gravity causes approximately 500  ml 
of blood to pool in the lower extremities and splanchnic 
veins. This results in a rapid reduction in the central blood 
volume and subsequent reduction in the stroke volume 
(SV), cardiac output (CO), and mean blood pressure [1]. 
Subsequently, baroreflex activation stimulates the sym-
pathetic nervous system and diminishes the activity of 
the parasympathetic nervous system to increase the heart 
rate (HR), cardiac contractility, total peripheral resistance 

(TPR), and venous return [2]. Impairments in one or more 
of these compensatory responses to restore blood pres-
sure result in orthostatic hypotension [1,2]. Conversely, 
excessive peripheral vasoconstriction due to sympathetic 
hyperactivity from overcompensation related to venous 
pooling in the legs in the upright position may lead to 
orthostatic hypertension [3–5]. Orthostatic hypoten-
sion and orthostatic hypertension are reportedly asso-
ciated with an increased risk of cardiovascular disease, 
stroke, cognitive decline, and all-cause mortality [1,3–8]. 
Therefore, the assessment of postural changes in blood 
pressure is important to provide appropriate interven-
tions to minimize the occurrence of orthostatic hypoten-
sion and orthostatic hypertension.

Active standing and head-up tilt tests are standard ortho-
static stress tests to assess postural changes in blood pres-
sure in both research and clinical practice [9,10]. Although 
the active standing test does not require specialized equip-
ment, such as a tilt table, it may be difficult for individuals 
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who present with balance impairment or difficulty trans-
ferring to a standing position to complete the test. The 
head-up tilt test is a passive orthostatic stress test that can 
be performed on individuals who have difficulty standing 
up without aid. However, the use of a tilt table makes the 
head-up tilt test impractical for clinical settings. To over-
come the limitations of the head-up tilt test, the sit-up 
test was developed and was used to identify the presence 
of orthostatic hypotension in individuals with spinal cord 
injury and stroke [11–14]. In the sit-up test, participants 
are passively moved from the supine to sitting position 
with the assistance of an assessor. Changes in SBP and 
DBP during the sit-up test have demonstrated substantial 
day-to-day reliability [12]. Additionally, the same cut-off 
points for blood pressure reduction that are recommended 
for the standard orthostatic stress tests for orthostatic 
hypotension [10] have been applied to the sit-up test [12–
14]. Nevertheless, the hydrostatic effect of gravity, which 
causes blood pooling in the lower body, may be smaller in 
the sitting position than in the standing position [15].

Although blood pressure and hemodynamic variables sig-
nificantly change during the sit-up and head-up tilt tests, 
even in healthy adults [11,16–20], no direct comparison 
has been made between the tests for blood pressure and 
hemodynamic responses. Therefore, from an ethical and 
scientific perspective, we believe that understanding the 
difference in blood pressure and hemodynamic responses 
between the sit-up and head-up tilt tests in healthy 
young individuals is essential before conducting studies 
to compare the responses between the tests in patients 
with orthostatic hypotension. In addition, assessment of 
the hemodynamic mechanisms underlying postural blood 
pressure changes can provide useful information for select-
ing treatment approaches for orthostatic hypotension [21]. 
HR, SV, CO, and TPR are related to baroreflex-medi-
ated blood pressure control [2]. The increase in TPR is 
thought to be a major contributor to blood pressure resto-
ration during a postural change from the supine to stand-
ing position [8]. However, it remains unclear whether the 
hemodynamic variables related to the changes in blood 
pressure are the same for the sit-up and head-up tilt tests.

Therefore, the primary objective of this study was to 
compare the blood pressure and hemodynamic responses 
between the sit-up and head-up tilt tests in healthy young 
individuals. Studies of healthy individuals reported that 
blood pressure increased from supine to upright position 
despite the reduction in SV during the postural change 
[11,16–20]. We hypothesized that the reduction in SV dur-
ing the sit-up test would be smaller than that during the 
head-up tilt test due to differences in the hydrostatic effect 
between the sitting and standing positions [15,22,23], thus, 
resulting in a larger increase in blood pressure during the 
sit-up test than during the head-up tilt test. The secondary 
objective was to identify hemodynamic variables related 
to postural blood pressure changes during each test. We 
hypothesized that the changes in blood pressure variables 

would be more strongly associated with the change in TPR 
than the changes in HR, SV, and CO during the sit-up test 
as well as the head-up tilt test.

Materials and methods
Study design
This study used a cross-sectional observational design. 
Experimental procedures were approved by the appro-
priate ethics committees of the Tokyo Bay Rehabilitation 
Hospital (approval number: 239-2) and Shinshu University 
(approval number: 4615). Participants provided written 
informed consent prior to participation. The study was 
conducted in accordance with the Declaration of Helsinki 
of 1964, as revised in 2013.

Participants
Twenty-one healthy adult volunteers participated in this 
study. The inclusion criteria were as follows: (1) 20–40 
years of age, (2) no underlying diseases, and (3) no his-
tory of syncope. Participants were excluded if they had 
limited range of motion and/or pain that could affect the 
sit-up and head-up tilt tests.

Orthostatic stress testing
The experimental protocol consisted of the sit-up and 
head-up tilt tests, with a 10-min rest period between each 
test. The order of the tests was randomized for each partic-
ipant. The tests were performed by two trained assessors 
in a quiet room, at a comfortable temperature. Participants 
were instructed to refrain from eating and consuming 
caffeinated products for at least 2 h and to avoid intense 
physical activity for at least 12 h prior to each test [9]. The 
tests were performed between 6:00 and 7:00 p.m.

In both tests, the participants remained in a resting supine 
position on a motorized tilt table (SPR-7001; SAKAI 
Medical Co., Ltd., Tokyo, Japan) for 10 min before the 
postural change [9,12,13]. In the sit-up test, participants 
were passively moved from the supine position to sitting 
position within 30 s and were then maintained in the sit-
ting position for 3 min with the assistance of an assessor 
[13]. Participants were instructed not to assist with the 
maneuver during the test. The height of the tilt table was 
adjusted such that both of the participants’ feet reached 
the floor while sitting. In the head-up tilt test, partici-
pants were supported by belts at the level of the hips 
and by a footrest. After the supine rest for 10 min, the tilt 
table was elevated to an angle of 70° over the course of 
approximately 30 s and was maintained for 3 min [9].

Measurement of blood pressure and hemodynamic 
variables
Task Force Monitor 3040i (CNSystems Medizintechnik, 
Graz, Austria) was used for the noninvasive measurement 
of blood pressure and hemodynamic variables. A digital 
cuff was positioned around the second phalanx of the 
middle finger on the right hand to provide a continuous 
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noninvasive measurement of arterial blood pressure. The 
right arm was supported by a sling, so that the finger cuff 
remained at the level of the heart. Continuous measure-
ments of beat-to-beat SBP and DBP were obtained using 
the vascular unloading technique on the finger [24,25]. 
These blood pressure values were automatically and 
continuously corrected to oscillometric blood pressure 
values obtained in the left arm. HR, SV, CO, and TPR 
were measured as hemodynamic variables on a beat-to-
beat basis. HR was measured using six-lead electrocardi-
ography. SV was derived using an improved transthoracic 
impedance cardiography method, as previously described 
[26]. Three short-band electrodes were placed on the 
participants: one on the neck and two below the thorax. 
SV was calculated using the following formula:

SV V LVET dZ/dt Zth max
= × × ( ) / ,0

where V
th

 is the electrical participating thoracic volume, 
LVET is the left ventricular ejection time, (dZ/dt)

max
 is 

the maximal rate of reduction in impedance for a given 
heartbeat, and Z

0
 is the base impedance. CO was calcu-

lated as the product of HR and SV. TPR was calculated 
according to Ohm’s law: TPR  =  mean blood pressure/
CO  ×  80 [27]. Data were filtered using a ±5  s moving 
average filter to remove signal noise [28]. The averaged 
values of blood pressure and hemodynamic variables dur-
ing the supine and upright periods were calculated from 
data collected during the final 2 min of each period [28].

Statistical analysis
Sample size was calculated using a power analysis with 
a test family = t-tests, statistical test = means: difference 
between two dependent means (matched pairs), an alpha 
value of 0.05, and a statistical power of 0.95. To our knowl-
edge, there were no studies that reported data to calcu-
late the effect size for the difference between changes in 
blood pressure and hemodynamic variables during sitting 
up and those during standing up in young healthy indi-
viduals. Therefore, based on the results of a study com-
paring the changes in blood pressure variables, HR, and 
CO between the active postural changes from the supine 
to sitting position and from the supine to standing posi-
tion in elderly patients [29], we used an estimated effect 
size of 0.80 [30] for the comparative analysis. The power 
analysis required a minimum sample size of 19.

Data normality was tested using the Shapiro–Wilk test, 
which determined that the assumption of normality 
was met for all variables (P > 0.05). Blood pressure and 
hemodynamic variables were subjected to a two-way 
repeated-measures analysis of variance (ANOVA) with 
two positions (supine and upright positions) and two 
tests (sit-up and head-up tilt tests) as within-subject fac-
tors. Post-hoc analyses were performed using a paired 
t-test with Bonferroni correction. The changes in blood 
pressure and hemodynamic variables during the tests 
were calculated by subtracting the values in the supine 

position from the values in the upright position. Changes 
in blood pressure and hemodynamic variables were com-
pared between the sit-up and head-up tilt tests using a 
paired t-test. In addition, the Bland-Altman analysis [31] 
was used to examine the degree of agreement between 
the two tests for changes in blood pressure variables. Bias 
was calculated by subtracting the value of the head-up tilt 
test from the value of the sit-up test. The limits of agree-
ment were defined as bias ± 1.96 × SD of the difference. 
Furthermore, we examined the associations between the 
changes in blood pressure and hemodynamic variables 
using Pearson’s product-moment correlation coefficient 
to identify the changes in hemodynamic variables related 
to changes in blood pressure variables during each test. 
Statistical analyses were performed using GraphPad 
Prism version 7.00 for Windows (GraphPad Software, CA, 
USA). Statistical significance was set at P < 0.05.

Results
Participants
Two of the 21 participants were excluded from the anal-
ysis, because hemodynamic data could not be measured 
due to technical difficulties. Finally, 19 participants (nine 
males, age 24.3  ±  2.4 years, 20.9  ±  1.8  kg  m−2 of BMI) 
were included in the analysis.

Blood pressure and hemodynamic responses in the 
sit-up and head-up tilt tests
There were no adverse orthostatic symptoms associated 
with either the sit-up or head-up tilt test. Examples of blood 
pressure and hemodynamic responses to sit-up and head-up 
tilt tests are shown in Supplementary Fig. 1, Supplemental 
digital content 1, http://links.lww.com/BPMJ/A150. The 
results of the two-way repeated-measures ANOVA are pre-
sented in Table 1. For SBP, an interaction between posi-
tion and test was significant (P = 0.007). Although SBP in 
the supine position was not significantly different between 
the sit-up and head-up tilt tests [mean difference = 0, 95% 
confidence interval (CI) = −5 to 5, P = 0.999], SBP in the 
upright position was significantly higher in the sit-up test 
than in the head-up tilt test (mean difference  =  7, 95% 
CI = 2–12, P = 0.003). Additionally, SBP in the upright posi-
tion was significantly higher than that in the supine position 
for both the sit-up (mean difference = 15, 95% CI = 10–20, 
P < 0.001) and head-up tilt tests (mean difference = 8, 95% 
CI = 3–13, P < 0.001). Participants exhibited an increase in 
SBP during the sit-up test, while two participants exhibited 
a reduction in SBP during the head-up tilt test (Fig. 1a). In 
the two participants who experienced a decrease in SBP of 
9 mmHg and 2 mmHg during the head-up tilt test, SBP 
increased by 2 mmHg and 15 mmHg during the sit-up test, 
respectively. The increase in SBP during the sit-up test was 
significantly more than that during the head-up tilt test 
(mean difference = 7, 95% CI = 2–12, P = 0.007; Fig. 1a). The 
Bland-Altman analysis for the change in SBP showed that 
the bias was 7 mmHg and the limits of agreement ranged 
from −13 to 27 mmHg (Fig. 2a). For DBP, an interaction 
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between position and test (P = 0.116) and a main effect of 
test (P = 0.096) were significant. No significant difference in 
DBP between the tests were observed in the supine (mean 
difference = 1, 95% CI = −3 to 5, P = 0.999) and upright 
positions (mean difference = 5, 95% CI = 0–8, P = 0.058); 
however, a main effect of test was significant (P < 0.001). 
DBP was significantly higher in the upright position than 
in the supine position for the sit-up (mean difference = 17, 
95% CI = 13–21, P < 0.001) and head-up tilt tests (mean 
difference = 14, 95% CI = 9–18, P < 0.001). The increase in 
DBP did not significantly differ between the tests (mean 
difference = 3, 95% CI = −1 to 7, P = 0.116; Supplementary 
Fig. 2A, Supplemental digital content 1, http://links.lww.com/
BPMJ/A150). The Bland-Altman analysis for the change in 
DBP indicated that the bias was 3 mmHg, and the limits of 
agreement were from −14 to 20 mmHg (Fig. 2b).

Regarding hemodynamic variables, a significant inter-
action between position and time was observed for HR 
(P = 0.002) and SV (P = 0.023). In the supine position, 
there was no significant difference in HR (mean differ-
ence  =  0, 95% CI  =  −2 to 3, P  =  0.999) and SV (mean 
difference  =  1, 95% CI  =  −3 to 4, P  =  0.999) between 
the tests. In the upright position, HR in the sit-up test 
was significantly lower than that in the head-up tilt test 
(mean difference = −4, 95% CI = −7 to −1, P  = 0.002), 
while SV was significantly higher in the sit-up test than 
in the head-up tilt test (mean difference = 5, 95% = 1–8, 
P = 0.003). HR in the upright position was significantly 
higher than that in the supine position for the sit-up 
(mean difference  =  7, 95% CI  =  5–10, P  <  0.001) and 
head-up tilt tests (mean difference = 12, 95% CI = 9–15, 
P < 0.001). The increase in HR was significantly smaller 
during the sit-up test than during the head-up tilt test 
(mean difference  =  −4, 95% CI  =  −7 to −2, P  =  0.002; 
Fig.  1b). Conversely, SV was significantly lower in the 
upright position than in the supine position for both 
the sit-up (mean difference = −17, 95% CI = −21 to −14, 
P < 0.001) and head-up tilt tests (mean difference = −21, 
95% CI = −25 to −18, P < 0.001). The reduction in SV 
during the sit-up test was significantly smaller than that 

during the head-up tilt test (mean difference  =  4, 95% 
CI  =  1–8, P  =  0.023; Fig.  1c). For CO and TPR, there 
was no significant interaction between position and 
test (CO: P = 0.566; TPR: P = 0.324) and no significant 
main effect of test (CO: P = 0.052; TPR: P = 0.329). In 
the supine position, there were no significant differ-
ences in CO (mean difference  =  0.06, 95% CI  =  −0.20 
to 0.32, P = 0.999) and TPR (mean difference = 2, 95% 
CI = −112 to 117, P = 0.999) between the tests. In the 
upright position, there were also no significant differ-
ences in CO (mean difference  =  0.14, 95% CI  =  −0.12 
to 0.39, P = 0.840) and TPR (mean difference = 58, 95% 
CI = −56 to 172, P = 0.907) between the tests. The main 
effect of position was significant for both CO and TPR 
(P < 0.001). CO in the upright position was significantly 
lower than that in the supine position for the sit-up (mean 
difference = −0.68, 95% CI = −0.94 to −0.42, P < 0.001) 
and head-up tilt tests (mean difference  =  −0.75, 95% 
CI = −1.01 to −0.49, P < 0.001). Conversely, TPR was sig-
nificantly higher in the upright position than in the supine 
position for both tests (sit-up test: mean difference = 459, 
95% CI = 345–574, P < 0.001; head-up tilt test: mean dif-
ference = 404, 95% CI = 290–518, P < 0.001). There were 
no significant differences in the decrease in CO (mean 
difference  =  0.07, 95% CI  =  −0.91 to 0.33, P  =  0.566; 
Supplementary Fig. 2B, Supplemental digital content 1, 
http://links.lww.com/BPMJ/A150) and the increase in TPR 
(mean difference = 55, 95% CI = −59 to 170, P = 0.324; 
Supplementary Fig. 2C, Supplemental digital content 1, 
http://links.lww.com/BPMJ/A150) between the tests.

Hemodynamic variables related to the changes in 
blood pressure variables during each test
The associations between the changes in blood pres-
sure variables and changes in hemodynamic variables 
during each test are shown in Table 2. In the sit-up test, 
the increases in SBP (r  =  0.484, P  =  0.036) and DBP 
(r = 0.594, P = 0.007) were significantly associated with 
an increase in TPR, while no significant associations 
were observed regarding changes in other hemodynamic 

Table 1 Results of the two-way repeated measures analysis of variance for blood pressure and hemodynamic variables

Variable Position Sit-up test Head-up tilt test

Main effect Interaction

Position Test Position × test

Systolic blood pressure (mmHg) Supine 108 ± 11 108 ± 12 F = 61.12 F = 4.936 F = 9.124
 Upright 123 ± 13 116 ± 11 P < 0.001 P = 0.039 P = 0.007
Diastolic blood pressure (mmHg) Supine 68 ± 5 67 ± 7 F = 118.1 F = 3.096 F = 2.732
 Upright 85 ± 9 80 ± 8 P < 0.001 P = 0.096 P = 0.116
Heart rate (bpm) Supine 68 ± 8 67 ± 7 F = 50.48 F = 3.783 F = 12.66
 Upright 75 ± 7 79 ± 9 P < 0.001 P = 0.068 P = 0.002
Stroke volume (ml) Supine 81 ± 12 80 ± 10 F = 88.30 F = 10.22 F = 6.231
 Upright 63 ± 9 58 ± 7 P < 0.001 P = 0.005 P = 0.023
Cardiac output (l min−1) Supine 5.40 ± 0.68 5.34 ± 0.68 F = 27.22 F = 4.335 F = 0.343
 Upright 4.73 ± 0.57 4.59 ± 0.43 P < 0.001 P = 0.052 P = 0.566
Total peripheral resistance (dyne s cm−5) Supine 1176 ± 195 1173 ± 199 F = 99.01 F = 0.924 F = 1.030
 Upright 1635 ± 291 1577 ± 214 P < 0.001 P = 0.349 P = 0.324

P-values marked in bold indicate a significant main effect and a significant interaction.
Values are presented as the mean ± SD.
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variables. In the head-up tilt test, the increases in SBP 
(r = 0.546, P = 0.016) and DBP (r = 0.619, P = 0.005) were 
also significantly correlated with only an increase in TPR.

Discussion
To our knowledge, this study is the first to compare 
postural changes in blood pressure and hemodynamic 

variables between the sit-up and head-up tilt tests. The 
directions of changes in blood pressure and hemodynamic 
variables during the sit-up test were similar to those dur-
ing the head-up tilt test. However, the sit-up test elicited 
a larger increase in SBP, a smaller increase in HR, and 
a smaller reduction in SV than the head-up tilt test. In 
addition, in both tests, increases in SBP and DBP were 
associated with an increase in TPR, but not with changes 
in other hemodynamic variables. These results may have 
important implications for the clinical application of the 
sit-up test, such as identifying the presence and hemody-
namic mechanisms of orthostatic hypotension.

Comparisons of blood pressure and hemodynamic 
responses to the sit-up and head-up tilt tests
As a rest period of at least 5-min is considered sufficient to 
establish a stable baseline [9,28], the sit-up and head-up 
tilt tests were performed in random order with a 10-min 
rest period between each test. These procedures may 

Fig. 1

Comparisons of changes in (a) systolic blood pressure, (b) heart 
rate, and (c) stroke volume between the sit-up and head-up tilt 
tests. (a) Mean ± SD of the change in systolic blood pressure was 
15 ± 9 mmHg for the sit-up test and 8 ± 8 mmHg for the head-up tilt 
test. (b) Mean ± SD of the change in heart rate was 8 ± 5 bpm for the 
sit-up test and 12 ± 8 bpm for the head-up tilt test. (c) Mean ± SD 
of the change in stroke volume was −17 ± 10 ml for the sit-up test 
and −21 ± 10 ml for the head-up tilt test. “*”, Significant difference 
between the sit-up and head-up tilt tests (P < 0.05).

Fig. 2

Bland-Altman plots between the sit-up and head-up tilt tests for (a) 
systolic blood pressure and (b) diastolic blood pressure changes. The 
red solid and black dashed horizontal lines represent the bias and 
limits of agreement, respectively. Bias was calculated by subtracting 
the value of the head-up tilt test from the value of the sit-up test. The 
gray shaded areas illustrate the 95% confidence interval for the bias 
and limits of agreement.
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help us reduce order bias and carryover effects, which 
resulted in no significant differences in all blood pres-
sure and hemodynamic variables in the supine position 
between the tests.

We found increases in the mean values of the blood 
pressure variables during both tests, which support our 
hypothesis. In addition, SV and CO decreased, while HR 
and TPR increased during both tests. The reductions in 
SV and CO may indicate a reduction in venous return 
to the heart after postural change from the supine to the 
upright position [1,2,8,32–35]. The increases in HR and 
TPR suggest baroreflex-mediated compensatory sympa-
thetic activation and reduced parasympathetic activation 
[1,2,8,36,37]. The increase in blood pressure variables 
during the tests suggest that the reduction in CO was 
compensated by the increase in TPR.

We found a higher SV in the upright position during the 
sit-up test than during the head-up tilt test. Compared 
with the sitting position, more blood is pooled in the 
lower extremities as a result of gravitational forces in 
the standing position, which leads to a smaller venous 
return in the standing position than in the sitting posi-
tion [15]. Therefore, SV in the sitting position has been 
reported to be larger than that in the standing position 
[22,23]. Moreover, we observed a higher CO and TPR 
in the upright position during the sit-up test than during 
the head-up tilt test; however, these differences were not 
statistically significant. The differences observed in the 
mean values of these hemodynamic variables between 
the tests were thought to result in a higher SBP in the 
upright position during the sit-up test than during the 
head-up tilt test.

Regarding the changes in blood pressure variables during 
the orthostatic stress tests, the increase in SBP was sig-
nificantly greater during the sit-up test than during the 
head-up tilt test with the bias of 7 mmHg. We also found 
that all participants exhibited an increase in SBP during 

the sit-up test, while two participants exhibited a reduc-
tion in SBP during the head-up tilt test. Additionally, 
the limits of agreement indicated that the change in 
SBP measured during the sit-up test may be between 
13 mmHg below and 27 mmHg above the head-up tilt 
test. For the change in DBP, we found that there was no 
significant difference between the tests and the bias was 
3 mmHg. However, the limits of agreement showed that 
the change in DBP measured during the sit-up test may 
be between 14 mmHg below and 20 mmHg above the 
head-up tilt test. Given that a reduction in SBP of at least 
20 mmHg or DBP of 10 mmHg are used as a cut-off for 
orthostatic hypotension [10], the limits of agreement for 
the changes in SBP and DBP observed in this study were 
broad. These results suggest that the same cut-off points 
for blood pressure reduction that are recommended for 
the standard orthostatic stress tests of orthostatic hypo-
tension probably should not be applied to the sit-up test. 
As all the participants did not have orthostatic hypoten-
sion, further research is needed to compare the blood 
pressure and hemodynamic responses between the tests 
in a clinical population with an increased prevalence of 
orthostatic hypotension.

Hemodynamic variables related to the changes in 
blood pressure variables during each test
The results from the correlation analysis support our 
hypothesis that the changes in blood pressure variables 
are more strongly associated with the changes in TPR 
than the changes in other hemodynamic variables dur-
ing the sit-up test as well as the head-up tilt test. Thus, 
hemodynamic responses related to the changes in blood 
pressure may be similar between the tests. Assessment 
of the hemodynamic mechanisms of orthostatic hypo-
tension can aid treatment selection. van Wijnen et al. 
[38] demonstrated that a delayed recovery from initial 
orthostatic hypotension was associated with an impaired 
increase in TPR, suggesting that the use of vasodilators to 

Table 2 Correlations between the changes in blood pressure variables and hemodynamic variables

Changes in hemodynamic 
variables

Changes in blood pressure variables

Systolic blood pressure Diastolic blood pressure

r 95% CI P-value r 95% CI P-value

Sit-up test       
 Heart rate 0.026 −0.433 to 0.475 0.916 0.181 −0.298 to 0.587 0.459
 Stroke volume 0.176 −0.303 to 0.583 0.472 −0.033 −0.480 to 0.428 0.894
 Cardiac output 0.274 −0.206 to 0.647 0.426 0.150 −0.327 to 0.566 0.540
 Total peripheral resist-

ance
0.484 0.038–0.769 0.036 0.594 0.191–0.826 0.007

Head-up tilt test       
 Heart rate −0.324 −0.678 to 0.153 0.177 −0.168 −0.578 to 0.310 0.491
 Stroke volume 0.085 −0.384 to 0.519 0.731 −0.047 −0.491 to 0.416 0.848
 Cardiac output −0.109 −0.537 to 0.363 0.657 −0.146 −0.563 to 0.330 0.551
 Total peripheral resist-

ance
0.546 0.122–0.802 0.016 0.619 0.229–0.838 0.005

P-values marked in bold indicate a significant main effect and a significant interaction.
CI, confidence interval; r, Pearson’s product-moment correlation coefficient.
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treat hypertension has a negative effect on initial ortho-
static blood pressure control. If an impaired TPR is the 
mechanism of orthostatic hypotension, midodrine that is 
an alpha-1 agonist may be appropriate given that it causes 
vasoconstriction and would work to increase TPR [21,39]. 
Conversely, the selection of fludrocortisone and com-
pression therapy may be more appropriate if the driving 
mechanism of orthostatic hypotension is the reduction 
in CO due to reduction in SV [21]. Fludrocortisone acts 
at renal mineralocorticoid receptors to promote sodium 
and water retention and, thus, increases intravascular vol-
ume [39]. Compression therapy reduces venous pooling 
in the legs and improves venous return to the heart [40]. 
Therefore, these therapies will help prevent a reduction 
in SV and maintain CO. Further research is warranted 
to verify that the sit-up test can be used to determine 
the hemodynamic mechanisms underlying orthostatic 
hypotension.

Study limitations
This study had some limitations. First, we evaluated only 
healthy young participants to demonstrate normal blood 
pressure and hemodynamic responses to the sit-up test. 
Thus, extrapolation of the results to other groups, such as 
older adults and individuals with autonomic impairments 
that cause orthostatic hypotension, is not possible. Second, 
as the time required for sitting up during the sit-up test 
was not strictly controlled in this study, it might have dif-
fered between participants. Nevertheless, participants 
were moved from the supine to sitting position within 
30 s. In addition, the measurements in the upright posi-
tion were defined as the average value obtained during 
the final 2 min to eliminate the analysis of data obtained 
during the transient period, which is complete within 20 s 
in healthy adults [28]. Therefore, the influence of individ-
ual differences in the time required to complete the sit-up 
test on the results of this study may be small. Finally, we 
used an effect size estimated based on a study of elderly 
individuals [29] to calculate the sample size. As elderly 
persons are more prone to changes in blood pressure with 
a postural challenge [41,42], the sample size was relatively 
small, which may reduce the power to detect small dif-
ferences between changes in blood pressure and hemo-
dynamic variables during the sit-up test and those during 
the head-up tilt test. Nevertheless, we believe the results 
of the comparative analysis were reasonable.

In conclusion, increases in blood pressure variables, HR, 
and TPR and reductions in SV and CO were observed 
during the sit-up and head-up tilt tests. However, the 
increase in SBP was greater, while the increase in HR 
and reduction in SV were smaller during the sit-up test 
than during the head-up tilt test. In addition, increases 
in the blood pressure variables were associated with an 
increase in TPR but not with the changes in other hemo-
dynamic variables during both tests. The findings of this 

study may provide a basis for the clinical application of 
the sit-up test.
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