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Abstract

Purpose To determine the effects of sex and age on
cardiovascular autonomic parameters in healthy adults as
assessed by Finapres (finger arterial pressure) method and
prolonged head-up tilt (HUT).

Methods We enrolled 81 healthy volunteers (41 females,
40 males, 1874 years) for extensive cardiovascular auto-
nomic function testing including blood pressure (BP)
recordings, electrocardiography, and impedance cardiog-
raphy at rest, under 60° HUT for 45 min, active standing for
5 min, Valsalva maneuver, and deep breathing (DB). Mean
values and orthostatic changes, i.e., differences to baseline,
of heart rate (HR), systolic and diastolic BP, stroke volume
(SV), and total peripheral resistance (TPR), as well as DB
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ratio and Valsalva ratio were calculated. A generalized
linear model (extended by generalized estimating equa-
tions) was used to assess sex- and age-related differences.
Results Mean HR at rest was higher in women than in
men (p = 0.035). In men, we observed significantly higher
mean BP at rest (p < 0.001 systolic and p = 0.004 dias-
tolic) and during HUT (p = 0.001 systolic and p < 0.001
diastolic), mean TPR at rest (p = 0.034), and mean SV
during HUT (p < 0.001). We found no significant impact
of sex on orthostatic changes of HR and BP. Mean TPR
during HUT increased with age (p = 0.001), particularly in
older women. Orthostatic changes of HR and diastolic BP,
DB ratio, and Valsalva ratio became attenuated with age

(p =0.018, p=0.006, p<0.001, and p < 0.001,
respectively).
Conclusions Our study suggests that aging rather than sex

needs to be taken into account when interpreting HR and
BP changes during prolonged HUT performance.

Keywords Sex and age effects - Cardiovascular
autonomic function - Head-up tilting - Valsalva maneuver -
Deep breathing

Introduction

Three main categories of autonomic disorders and their
variants may be distinguished in a tilt-table laboratory:
orthostatic hypotension (OH) including delayed OH, pos-
tural tachycardia syndrome (POTS), and neurally mediated
syncope. Briefly, OH is defined as a fall in blood pressure
(BP) of at least 20 mmHg (systolic) and/or at least
10 mmHg (diastolic) within 3 min of standing or passive
head-up tilt (HUT) to at least 60° on a tilt table [1].
Delayed OH is defined as OH beyond 3 min of standing or
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passive HUT [1]. POTS is defined as development of
orthostatic symptoms associated with a heart rate (HR)
increase of >30 beats/min (bpm) with respect to supine
values or HR above 120 bpm within 10 min of standing or
HUT in absence of OH [1]. Syncope is defined as a tran-
sient loss of consciousness due to global cerebral hypop-
erfusion with rapid onset, short duration, and spontaneous
recovery [2].

A previous report [3] suggests that prolonged (45 min)
HUT should be applied to patients with recurrent syncopes
of unknown etiology. A short (10 min) HUT test followed
by an active standing test of 5 min appears to be suffi-
ciently informative in patients with suspected OH or POTS.
The minimum duration to detect delayed OH is still a
subject of discussion [4, 5].

The gold standard in cardiovascular autonomic function
testing is based on orthostatic changes of BP and HR.
Different beat-to-beat BP monitors based on the Finapres
(finger arterial pressure) method were developed for this
purpose. The Task Force® Monitor (CNSystems, Graz,
Austria) [6, 7] has been employed at our institution as a
non-invasive tool for continuous monitoring of cardiovas-
cular autonomic function parameters. To the best of our
knowledge, few studies of cardiovascular autonomic
parameters as assessed by Finapres methodology in well-
defined healthy populations have been published to date,
and none of these use the Task Force® Monitor system [8—
14]. Two studies extensively assessed effects of sex and
age on cardiovascular autonomic function using short tilt-
ing protocols (Braune et al. [8], 1 min tilting in 137 healthy
volunteers and Low et al. [10], 5 min tilting in 270 normal
subjects). Prolonged tilt-table testing up to 45 min is often
required to diagnose orthostatic disorders [3, 15].

In the present study, we aimed at evaluating cardio-
vascular autonomic parameters as assessed by prolonged
HUT under Task Force® Monitor in a population of well-
defined healthy adults, with special emphasis on the effects
of sex and age.

Methods
Subjects

One hundred healthy volunteers were initially screened
over a period of 18 months (July 2012-December 2013)
via local announcements in the hospital and local press in
the region of Tyrol, Austria. A study flow chart is depicted
in Fig. 1. Data from 81 subjects were entered for statistical
analysis (41 females, 40 males; aged 18-74 years). More
details on the baseline characteristics of the study popula-
tion are provided in Table 1.

@ Springer

Exclusion criteria were history of neurologic, psychi-
atric, and cardiovascular disorders, including coronary
heart disease or heart failure, known or suspected preg-
nancy, breastfeeding, and any drug dependence. All sub-
jects were asked to avoid caffeine- or taurine-containing
products on the day of the examination and to fast for
2 hours prior to the scheduled examination. Written
informed consent was obtained from all subjects. The study
was approved by the Ethical Committee of the Medical
University Innsbruck and performed in accordance with the
Declaration of Helsinki.

Study protocol

For all subjects, hemodynamic parameters were continu-
ously monitored by means of continuous non-invasive
beat-to-beat BP recording, oscillometric BP recording, a
6-lead electrocardiogram, and impedance cardiography
using the Task Force® Monitor.

In a quiet setting, with mean room temperature of
22 £ 1 °C, the test protocol was applied as shown in
Fig. 2. The arm with the finger cuff was fixed at heart level
during measurements. Details on the tools used for auto-
nomic testing are provided elsewhere [15, 16]. Testing took
place between 8:30 and 11:00 am for 42 subjects and
between 11:00 am and 4:00 pm for 39 subjects. All tests
were conducted by a neurologist well experienced in car-
diovascular autonomic testing (A.F.).

Data processing

For each subject, beat-to-beat values of HR, systolic BP,
diastolic BP, SV, and TPR in supine and upright positions
were calculated by means of Task Force® Monitor software
(version 2.2.22.2; methods and formula used for calculat-
ing hemodynamic parameters are provided elsewhere [6]).

Data were exported in an Excel file (Microsoft Excel®,
Microsoft, Redmond, US) and further processed offline.
Mean values (average of 15 beat-to-beat values) of HR,
systolic BP, diastolic BP, SV, and TPR at various time
points (supine and after 1, 3, 5, 10, 20, 30, and 45 min of
HUT; supine and after 1, 3, and 5 min of standing) were
collected. Orthostatic changes, i.e., differences between
orthostatic values and values in the preceding supine
position, were calculated. Deep breathing (DB) ratio was
calculated as mean value of 6 ratios obtained by calculating
the longest R-R interval of ECG recording during expira-
tion versus the shortest interval during inspiration of the
DB test. Valsalva ratio was obtained by choosing the best
performed trial of Valsalva maneuver (VM) and by
dividing the highest HR in phase II by the lowest HR in
phase IV. A VM was excluded from the analysis, if
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100 subjects were
screened

v v

67 were under 50 years

33 were over 50 years old and
old underwent cardiac examination

| » 2dropped out (history of
cardiac arrhythmias)

v v

98 underwent

neurological examination

L_» 1 dropped out (history of
surgery on carotid artery)

v

| 97 in supine position for 10 min |

v v

v

3 underwent HUT to 60°

for 10 min* for 30 min*

5 underwent HUT to 60°

89 underwent HUT to 60° |, 7 dropped out

(presyncope)

v v

for 45 min
v

| 90 in supine position for 5 min

90 underwent active
standing for 5 min

'

90 underwent deep breathing and
Valsalva maneuver (3 times), in
sitting position, after hemodynamic
parameters had normalized

v

| 90 for data examination |_>

9 dropped out (low
quality of examination)

v

| 81 in final data analysis |

Fig. 1 Study flowchart. We screened one hundred healthy volunteers.
Subjects over 50 years underwent cardiological screening (F.H.) to
exclude cardiovascular disease. The analyzed population consisted of

artifacts or extra-systole occurred during task execution, or
if the subject was not able to reach the expiratory pressure
of 40 mmHg.

Statistical analysis

Data are presented as mean (95 % confidence interval), if
not otherwise stated. To assess age-related differences,
subjects were divided into three age groups (<30, 30-50,
and >50). Sex and age effects were assessed using a gen-
eralized linear model (GLM) and univariate analysis of
variance (ANOVA) or Kruskal-Wallis (KW) test in case
variances were not equal. GLM was extended by general-
ized estimating equations (GEE) [17] to account for within-
subject variation on time. The within-subject correlation
matrix was autoregressive of first order [AR (1)]. Param-
eters entered in the model were sex, age (categorized as
mentioned above), time (subdivided in various points of
time of the orthostatic stress as described in the methods
section), time of day (testing before and after 11:00 pm),

81 subjects. Asterisk for eight subjects, the prolonged (45 min) HUT
protocol had to be shortened upon request. HUT head-up tilt

and body mass index (BMI). ANOVA was adjusted for sex,
age, time of day, and BMI. LSD (least significant differ-
ence) correction was used for multiple comparisons.
LOESS (locally weighted scatterplot smoothing) method
(75 % of points to fit; Epanechnikov kernel) was used to
visualize sex and age group differences. Statistical analysis
was conducted with IBM® SPSS® Statistics, version 22.
Results with p < 0.05 were considered as statistically
significant.

Results
Subjects
Baseline characteristics of the study population are pre-
sented in Table 1. Women and men had similar age char-
acteristics. Body height was greater in men than in women

(»p < 0.001, ANOVA); BMI was lower in women than in
men (p = 0.003, KW).
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Cardiovascular autonomic

function tests Duration

|—| 10 minutes |

| (i) supine position

v

| (ii) passive 60° HUT

v

| (iii) supine position

v

| (iv) active standing

v

X asking the subject to
| (v) deep breathing I_ take 6 deep breaths
¢ within one minute

(vi) Valsalva maneuver * || asking the subject to

blow into a mouthpiece
for 15 s at an expiratory
pressure of 40 mmHg

Fig. 2 Test protocol. Valsalva maneuver and deep breathing were
both performed in sitting position, after hemodynamic parameters had
normalized. Asterisk Valsalva maneuver was repeated up to 3 times in
order to obtain reproducible hemodynamic responses

Significant effects of time of day (time schedule for
tilting) were observed by both indexes of cardiovagal
function; values of Valsalva ratio and DB ratio were
smaller (p < 0.001 and p = 0.048, respectively, GEE) in
the morning than in the afternoon.

Passive HUT

Mean HR at rest was significantly higher in women than in
men (p = 0.035, ANOVA), but not age-related
(p = 0.298, ANOVA). During HUT, we found signifi-
cantly different mean HR in age categories (p = 0.001,
GEE). Mean HR was greater in younger subjects as com-
pared with older subjects. More details are provided in
online Table 1. Mean change of HR was 10.3 (8.4-12.3)
bpm after 1 min and increased significantly (p < 0.001,
GEE) to 19.1 (17.1-21.0) bpm after 45 min HUT. Further
details, depicted in age groups, are shown in Table 2. Mean
HR changes were significantly different in age groups
(p = 0.018, GEE), being greater in younger subjects as
compared with older subjects. We did not observe any sex
effect on HR changes during passive HUT (p = 0.882,
GEE) (see also online Figure 1).

Systolic and diastolic BP were significantly higher in
men than in women both at rest (p < 0.001 and p = 0.004
respectively, ANOVA) and during passive HUT
(p = 0.001 and p < 0.001, respectively, GEE). Differences
in BP between age groups were neither observed at rest nor

during HUT. More details are provided in online Table 1.
After 1 min, systolic BP increased on average by 10.9
(8.7-13.0) mmHg and mean change of diastolic BP was
159 (14.0-17.8) mmHg. Further details are shown in
Table 2. Changes of systolic BP were neither sex- nor age-
related. By contrast, we observed significantly smaller
mean diastolic BP increase in subjects older than 50 years
(p = 0.006, GEE). Details are shown in Table 2 (see also
online Figures 2 and 3).

Mean TPR at rest was significantly higher in men than in
women (p = 0.034, KW). During passive HUT, mean TPR
was age-related (p = 0.001, GEE), being higher in subjects
older than 50 years as compared with subjects in the two
remaining groups (more details are provided in online
Table 2). In addition, mean change of TPR during passive
HUT was sex-related (p = 0.011, GEE). Age and female
gender were associated with greater orthostatic increments
in TPR (Fig. 3a).

Mean SV at rest was not statistically different between
sex and age groups (p = 0.078 and p = 0.137 respectively,
ANOVA). Sex and age effects on mean SV were highly
significant (p < 0.001 for sex and p = 0.005 for age)
during passive HUT. Subjects younger than 30 years irre-
spective of gender as well as men irrespective of age had
higher mean values of SV during passive HUT. Mean SV
changes showed no sex or age difference (p = 0.863;
p = 0.556 respectively, GEE). More details are provided in
online Table 3.

Active standing

After 1 min, mean HR change was 17.5 (15.5-19.5) bpm.
We observed a significant age difference in changes of HR
(p = 0.008, GEE). Latter were 20.5 (15.8-25.2) bpm in
subjects younger than 30 years, 15.6 (12.8—-18.3) bpm in
subjects between 30 and 50 years, and 17.3 (13.9-20.7)
bpm in subjects older than 50 years after 1 min. We did not
observe any sex effect on HR changes during active
standing (p = 0.945, GEE, Table 3).

After 1 min, mean changes of BP were 11.7 (9.5-14.0)
mmHg (systolic) and 17.9 (15.8-19.9) mmHg (diastolic).
No effects of sex and age on changes of BP were observed
during active standing (Table 3).

DB and VM

No association between DB ratio and sex was observed.
DB ratio decreased significantly with age (p < 0.001,
ANOVA, Table 4).

We did not observe any effect of sex on mean Valsalva
ratio. However, mean Valsalva ratio decreased highly
significantly with age (p < 0.001, ANOVA).

@ Springer
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Table 2 Mean values of the differences to baseline (supine position) of HR (AHR), systolic BP (AsBP), and diastolic BP (AdBP) during passive

head-up tilting

Time (min) Total Age groups P value
<30 years 30-50 years >50 years Sex Age Time
AHR (bpm)
1 10.3 (8.4-12.3) 14.0 (10.5-17.5) 9.2 (5.2-13.3) 8.7 (5.9-11.5) 0.882 0.018 <0.001
3 12.5 (10.9-14.0) 14.8 (11.8-17.7) 11.2 (8.5-14.0) 12.0 (9.4-14.5)
5 13.8 (12.2-15.4) 16.6 (14.1-19.1) 12.8 (10.1-15.6) 12.6 (9.6-15.6)
10 13.3 (11.5-15.1) 15.6 (12.3-18.8) 12.6 (9.6-15.6) 12.3 (9.0-15.6)
20 15.8 (14.0-17.5) 19.2 (15.9-22.5) 14.0 (11.2-16.7) 15.0 (11.9-18.0)
30 17.9 (16.1-19.6) 20.8 (17.7-23.8) 17.1 (13.9-20.4) 16.5 (13.5-19.5)
45 19.1 (17.1-21.0) 23.8 (19.8-27.8) 17.3 (14.2-20.5) 17.3 (14.2-20.4)
AsBP (mmHg)
1 10.9 (8.7-13.0) 11.8 (8.2-15.5) 11.3 (7.9-14.7) 9.7 (5.2-14.1) 0.279 0.390 <0.001
3 9.8 (8.2-11.2) 9.8 (6.7-13.0) 9.7 (1.2-12.2) 9.7 (1.0-12.4)
5 9.1 (7.0-11.1) 9.1 (5.1-12.9) 8.7 (6.0-11.4) 9.5 (5.2-13.8)
10 7.7 (5.9-9.5) 7.2 (3.3-11.1) 7.4 (4.7-10.1) 8.4 (5.3-11.6)
20 5.0 (3.3-6.7) 5.9 (2.7-9.0) 4.1 (1.8-6.3) 5.3 (1.7-9.0)
30 6.6 (4.8-8.5) 6.3 (2.6-10.0) 5.8 (3.0-8.6) 7.7 (4.0-11.3)
45 7.5 (5.4-9.6) 8.8 (5.0-12.5) 9.2 (6.1-12.3) 4.9 (0.7-9.1)
AdBP (mmHg)
1 15.9 (14.0-17.8) 18.5 (15.3-21.6) 16.1 (12.7-19.4) 13.7 (10.3-17.2) 0.487 0.006 <0.001

3 13.1 (11.7-14.5) 15.7 (12.5-19.0) 13.2 (11.1-15.1) 11.1 (8.9-13.3)
5 12.1 (10.5-13.7) 14.1 (11.1-17.1) 11.9 (9.6-14.2) 10.8 (7.7-14.0)
10 10.0 (8.5-11.6) 11.0 (8.1-13.8) 10.1 (7.5-12.6) 9.3 (6.5-12.1)
20 7.6 (5.9-9.2) 8.6 (5.8-11.4) 7.5 (4.8-10.3) 6.8 (3.6-9.9)

30 9.7 (8.1-11.3) 10.6 (7.6-13.6) 9.3 (6.4-12.1) 9.5 (6.4-12.5)
45 10.0 (8.3-11.7) 11.5 (8.9-14.1) 11.1 (8.5-13.6) 7.7 4.3-11.1)

Data are presented as mean (95 % CI)

Statistically significant P values (GEE) of effects of sex, age, and time are highlighted in bold

Discussion

This is the first study using a prolonged HUT protocol to
evaluate sex and age effects on cardiovascular autonomic
function in a well-defined healthy population. The major
findings are summarized as follows: women had higher
mean HR at rest. In men, we observed higher mean BP at
rest and during HUT, higher mean TPR at rest and higher
mean SV during HUT. We observed no significant impact of
sex on changes of HR and BP during HUT. Orthostatic
changes of HR and diastolic BP became attenuated with age.
Mean TPR during HUT increased with age, particularly in
older women. Mean SV during HUT was lower in older
subjects. DB ratio and Valsalva ratio decreased with age.

Sex effects on cardiovascular autonomic function
during passive HUT

Our findings are consistent with previously reported data in
healthy subjects undergoing shorter HUT protocols. Mean

@ Springer

HR at rest was significantly higher in women than in men
[8, 10]. Systolic and diastolic BP during HUT [10, 18] were
higher in men than in women, especially younger women.
The lower BP values observed in women may reflect the
greater vasodilatory response to vascular B, adrenorecep-
tors stimulation occurring in women, especially in pre-
menopausal age [19]. In men, higher TPR at rest and higher
SV during orthostatic challenges may also partially explain
higher BP values observed at rest and during HUT. An
inverse relationship between muscle sympathetic activity
and cardiac output contributes to normal BP in young men
[20]. Hart et al. [21] found in their study no relationship
between cardiac output and muscle sympathetic nerve
activity in young women and concluded that sexes may
rely on different mechanisms to maintain a normal BP,
female reproductive hormones possibly accounting for
these differences. Sex differences in BP could also be
related to body height. London et al. [22] assessed the
influence of body size on arterial function and found a
greater amplification of systolic BP from central to
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Table 3 Mean values of the differences to baseline of HR (AHR), systolic BP (AsBP), and diastolic BP (AdBP) during active standing

Time (min) Total Age groups P value
<30 years 30-50 years >50 years Sex Age Time
AHR (bpm)
1 17.5 (15.5-19.5) 20.5 (15.8-25.2) 15.6 (12.8-18.3) 17.3 (13.9-20.7) 0.945 0.008 0.001
3 20.3 (18.3-22.2) 26.0 (22.8-29.1) 19.8 (16.1-23.4) 17.0 (14.1-19.9)
5 18.8 (16.8-20.7) 24.5 (20.4-28.5) 18.1 (15.0-21.3) 15.7 (12.9-18.6)
AsBP (mmHg)
1 11.7 (9.5-14.0) 10.7 (5.8-15.6) 12.0 (8.4-15.6) 12.1 (8.1-16.1) 0.654 0.302 0.397
3 12.8 (10.5-15.1) 11.6 (7.5-15.7) 15.7 (11.8-19.5) 11.0 (6.8-15.1)
5 11.5 (9.1-14.0) 10.2 (6.0-14.4) 13.7 (9.7-17.7) 10.5 (5.9-15.0)
AdBP (mmHg)
1 17.9 (15.8-19.9) 17.2 (12.7-21.6) 20.1 (16.3-23.8) 16.3 (13.1-19.5) 0.145 0.164 0.009
3 18.5 (16.1-20.9) 19.5 (15.0-24.0) 21.7 (17.2-26.2) 15.0 (11.4-18.7)
5 15.9 (13.5-18.3) 16.5 (10.9-22.0) 18.3 (14.0-22.6) 13.4 (10.1-16.7)

Data are presented as mean (95 % CI)

Statistically significant P values (GEE) of effects of sex, age, and time are highlighted in bold

peripheral arteries in men, due to their greater body height.
In the present study, men had significantly greater body
heights in all age groups (p < 0.001, Table 1). This could
provide a further explanation for higher BP values found in
our study in men. Despite the aforementioned sex differ-
ences in regulation of BP, we observed no significant sex

effect on changes in HR and BP during HUT. These
findings were consistent with the results of Low et al. [10].
Braune et al. [8] also reported no significant impact of sex
on changes in HR, yet a significant influence of sex on
changes in BP during passive HUT. Latter were greater in
women than in men.
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Table 4 Mean values of DB

ratio and Valsalva ratio Age groups P value
<30 years 30-50 years >50 years Sex Age
DB ratio 27.7 (24.3-31.1) 20.4 (18.4-22.4) 15.3 (12.7-18.0) 0.357 <0.001
Valsalva ratio 2.00 (1.86-2.14) 1.83 (1.71-1.95) 1.58 (1.48-1.68) 0.387 <0.001

Data are presented as mean (95 % CI)
Statistically significant P values (ANOVA) of effects of sex and age are highlighted in bold

DB deep breathing

Age effects on cardiovascular autonomic function
during passive HUT

During passive HUT, mean HR and changes of HR became
attenuated with increasing age. This might be due to atten-
uated cardiovagal inhibition [23] and decreased B-adrener-
gic cardiac sensitivity [24] of the heart with age. Changes of
HR were greater in younger subjects than in older subjects.
HR changes increased progressively with time and exceeded
in some cases 30 bpm, the cut-off value for diagnosing
POTS, but rather beyond 10 min of tilting. We found no
significant difference in changes of systolic BP between
younger and older subjects, yet a significant reduction in
diastolic BP with age during HUT (Table 2 and online
Figure 3), a finding consistent with a previous report by Low
et al. [10]. Changes of BP were the lower, the longer the
tilting time, especially in older healthy subjects (online
Figures 2d—f and 3d-f). Age-related diminished orthostatic
tolerance during prolonged tilt-table testing was also
observed in a recent study [11].Use of prolonged tilt-table
testing may be well-thought-out especially in older patients.

Aging is accompanied by increased arterial stiffening
[12, 14, 25], which likely explains the age-related increase
of TPR during orthostatic challenge in our study popula-
tion. Barnes et al. [26] and Narkiewicz et al. [12] reported
greater sympathetic traffic in older women. This may
explain the greater changes of TPR observed in older
women in our study (Fig. 3a). Older subjects had lower
mean SV during tilting, likely associated with age-related
left ventricular stiffening [27]. Similar findings were
reported by Baldi et al. [28].

Active standing versus passive HUT

Active standing and head-up tilt are associated with dif-
ferent physiological processes upon orthostatic change
[29]. However, the effects of sex and age observed during
active standing were generally similar to those observed
during passive HUT (Tables 2, 3). Low et al. [10] com-
pared active standing up and passive HUT in patients with
OH. The orthostatic BP fall was greater under HUT than
under active standing and was smaller than 5 mmHg. In the
present study with healthy subjects, we observed an
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orthostatic BP and HR increase, which was numerically
greater during active standing. Calculating the mean values
of 1, 3, and 5 min of HUT and standing, the difference in
BP was on average 2.2 (systolic) and 4.1 mmHg (diastolic)
and the difference in HR was on average 6.9 bpm. We
agree with a recent report [4] arguing that both challenge
tests are not interchangeable but complementary in the
assessment of orthostatic syndromes.

DB and VM

DB ratio and Valsalva Ratio, both indexes of cardiovagal
function, decreased significantly with age. This is in
agreement with previous findings [8, 10], which empha-
sized an age-related decrease of cardiac parasympathetic
control and possibly explains the higher incidence of
neurally mediated, especially vasovagal, syncopes among
healthy subjects with respect to older ones.

Circadian variation

Endogenous and exogenous factors could affect the circa-
dian rhythm on responses of cardiovascular autonomic
tests. Sympathetic activity is basically increased during
daytime, while parasympathetic activity rises during the
night or after meals. Hu et al. [30] assessed in a recent
study the effect of circadian system on responses to HUT
and found significant circadian rhythms in hemodynamic
parameters. Our study showed no significant contribution
of time of day on hemodynamic parameters and their
changes during HUT. Significant effects of time of day
were observed only by both indexes of cardiovagal func-
tion. Latter was higher in the afternoon group than in the
morning group. This could be explained with a post-pran-
dial vagal activation, despite asking the subjects to fast for
2 hours prior to the scheduled examination.

Limitations

Our study has some limitations. First, both physical activity
and inactivity can alter vascular function. We did not
assess deconditioning in our study. However, all recruited
subjects reported a regular active lifestyle in accordance
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with local recreational activities (hiking, skiing). Second,
51.9 % of the subjects in this study were tilted between
8:30 and 11:00 am and the rest (49.1 %) after 11:00 am.
The circadian system could have affected responses to
orthostatic stress. Our statistical model was therefore
adjusted for “time of day” in order to control for possible
circadian influences in our data.

Conclusions

To our knowledge, this is the first study evaluating sex and
age effects using a prolonged HUT protocol and the Task
Force® Monitor in a well-defined healthy population. Our
study suggests that aging rather than sex needs to be taken
into account when interpreting HR and BP changes during
prolonged HUT testing.
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