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Effects of vestibular stimulation induced by a rotatory chair on the human

rest/activity rhythm

Abstract

The vestibular system is responsible for sensing every angular and linear head acceleration,
mainly during periods of motor activity. Previous animal and human experiments have shown
biological rhythm disruptions in small rodents exposed to a hypergravity environment, but
also in patients with bilateral vestibular loss compared to a control population. This raised the
hypothesis of the vestibular afferent influence on circadian rhythm synchronization. The
present study aimed to test the impact of vestibular stimulation induced by a rotatory chair on
the rest/activity rhythm in human subjects. Thirty-four healthy adults underwent both sham
(SHAM) and vestibular stimulation (STIM) sessions scheduled at 18:00h. An off-vertical axis
rotation on a rotatory chair was used to ecologically stimulate the vestibular system by head
accelerations. The rest/activity rhythm was continuously registered by actigraphy. The
recording started one week before the first session (BASELINE), continued in the week
between the two sessions and one week after the second session. Vestibular stimulation
caused a significant decrease in the average activity level in the evening following the
vestibular stimulation. A significant phase advance in the rest/activity rhythm occurred two
days after the 18:00h vestibular stimulation session. Moreover, the level of motion sickness
symptoms increased significantly after vestibular stimulation. The present study confirms
previous results on the effect of vestibular stimulation and the role of vestibular afferents on
circadian biological rhythmicity. Our results support the hypothesis of the implication of

vestibular afferents as non-photic stimuli acting on circadian rhythms.
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Introduction

All mammalian organisms display daily changes over a 24 h period. Thus, all
physiological functions such as temperature, rest/activity cycle, or hormonal secretion show
circadian variations (Haffen 2009), which are essential in preparing the body for daily
activities and night-time rest. The mammalian central biological clock, in charge of the
genesis and maintenance of the biological rhythms, is located in the suprachiasmatic nuclei
(SCN) of the hypothalamus (Stephan & Zucker 1972; Inouye & Kawamura 1979). The
biological clock needs to be trained daily to synchronize and keep circadian rhythms aligned
with its environmental time. This can mainly be achieved through day/night alternance,
transmitting photic information directly to the central biological clock through the visual
system (Moore & Silver 1998). While light is the main stimulus for synchronizing
mammalian circadian rthythms (Zordan et al. 2001; Dufty & Wright 2005), non-photic stimuli,
such as physical activity and social activities, have proved to effectively synchronize

circadian rhythms in humans (Barger et al. 2004; Mistlberger & Skene 2004).

The recent literature raises the hypothesis that vestibular afferents could influence the
circadian timing system. The vestibular system, located in the inner ear, is composed of three
semi-circular canals and two otolithic organs, respectively responsible for angular and linear
head acceleration detection. The system is principally involved in postural control and gaze
stabilization during locomotion (Peterson & Richmond 1988; Grossman et al. 1989). A
continuous change in canalicular and otolithic information is integrated by the central nervous
system, during the day, when head accelerations in space occur. This information is largely
reduced to an uncommon change in otolithic organ activity during the night. Thus, the
vestibular system works in parallel with human activity, particularly with motor activity. This
functioning raises the question of the potential implication of the vestibular system as a

synchronizer of biological rhythms.
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Although the true nature of the mechanism remains unknown, anatomical evidence,
which could explain links between the vestibular system and the circadian timing system, has
been demonstrated in rodents. Cavdar et al. (2001) reported vestibular projections from
medial and lateral vestibular nuclei to the posterior hypothalamic nucleus. Reciprocal
projections between the medial vestibular nucleus and the orexin neurons involved in the
sleep/wake cycle were demonstrated in rodents (Horowitz et al. 2005). The paradigms using a
hypergravity environment reinforce anatomical observations. In one study, chronic 2G
centrifugation caused a robust c-Fos expression in the SCN of the hypothalamus in wildtype
mice compared to het mice (otoconia deficient) (Fuller et al. 2004). This study confirmed the

role of the otolithic organs in the mammalian circadian system.

Chronic 2G centrifugation induces a loss of circadian rhythmicity which generally
occurs within one day to one week, as observed in mice, dogs, and squirrel monkeys (Oyama
et al. 1971; Oyama 1975; Fuller 1985; Murakami et al. 2002; Holley et al. 2003). It was
subsequently shown that hypergravity-driven circadian disruption required signaling by the
vestibular otolith organs (Fuller et al. 2002). A link between vestibular signaling and the
circadian clock at normal Earth's gravity, including an influence on the intrinsic period and
the period-altering response to changes in tonic light intensity, was later shown by the same
group (Fuller & Fuller 2006). The loss of vestibular functions in animals and in humans with
bilateral vestibular loss have also caused circadian rhythm changes, with a total loss of
circadian rhythms of temperature and locomotor activity in animals (Martin et al. 2014) and
have altered the rest/activity cycle, temperature, and cortisol variations in humans (Martin et
al. 2016). These results support the hypothesis of the involvement of vestibular inputs in

circadian rhythm regulation.

In humans, vestibular stimulation through swinging has demonstrated an accelerated

effect in the wake/sleep transition and have highlighted sleep consolidation during napping
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(Bayer et al. 2011). Otolith stimulation induced by accelerated linear bed movements seems to
have a potential effect on drowsiness (Woodward et al. 1990; Crivelli et al. 2016). Positive
effects of vestibular stimulation on the wake/sleep transition were recently confirmed in mice
(Kompotis et al. 2019). Even though vestibular stimulation can modulate sleep parameters,
such as sleep latency or the wake/sleep transition, the impact of vestibular stimulation on the

rest/activity rhythm has not been tested.

The present study aimed to evaluate the impact of vestibular stimulation by using a
rotatory chair on the rest/activity rhythm in young healthy adults. The rotatory chair enables
the stimulation of the semi-circular canals and the otolith organs. It is a standard clinical
examination used by physiologists and clinicians to test vestibular function. This method
reproduces the natural stimulation of the vestibular system, unlike caloric vestibular
stimulation. Our objective was to demonstrate that the vestibular stimulation induced by a

rotatory chair is able to modify the rest/activity rhythm in humans.
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Materials and methods
Subjects

Thirty-four healthy adults (aged 23.32 £ 2.57 yrs; 13 women and 21 men) were
recruited. The protocol was approved by the national Ethic Committee for the Research in
Sciences and Technics of Physical Activity and Sports (CERSTAPS, 2020-17-01-42), and
conducted in accordance with current national and international laws and regulations
governing the use of human subjects (Declaration of Helsinki II), and complied with the
ethical and methodological standards for laboratory and medical human biological rhythm
research (Portaluppi et al. 2010). All participants provided written informed consent after
having received explanations about the study procedures in detail. The subjects who presented
with vestibular or sleep disorders, and night workers or shift workers were excluded. Each
participant’s chronotype was determined using the Horne and Ostberg Morningness-
Eveningness Questionnaire. Some 24 participants were of “intermediate” chronotype, 3 were
of “moderate morning” type, 5 were of “moderate evening” type, 1 was of “definitely
morning” type, and 1 was of “definitely evening” type (Horne & Ostberg 1976). During the
BASELINE actimetry recording, participants went to bed at 00 : 41h £ 27 min, and woke up

at 8 : 45h + 16 min on average.
Vestibular stimulation

The subjects were seated in a rotatory chair, and then immobilized using a harness. Each
subject underwent a sham session (SHAM) and a stimulation session (STIM) in a
counterbalanced order. The two sessions were carried out in the late afternoon (18:00h), on
the same day of the week and at the same hour to avoid any diurnal or weekly variation

(Zouabi et al. 2016). During physical activity, repeated head accelerations induce a natural
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vestibular stimulation. Buxton et al. (2003) demonstrated that early evening physical activity
session induced a significant phase advance effect of melatonin secretion. We supposed that
the effect of physical activity on the circadian biological rhythms could be partially mediated

by the vestibular system.

During the STIM session, the vestibular stimulation was divided into two sequences. During
the first trial, the chair moved in an Off Vertical Axis Rotation (OVAR) for 10 min in a
clockwise direction. After a 2-min break, a second 10-min counterclockwise in direction
OVAR phase took place of. The order of direction (clockwise, counterclockwise) was
counterbalanced. During the OVAR, a tilt angle of 15° and a rotational velocity of 60°/s were
chosen in order to make the examination moderately nauseogenic (Denise et al. 1996). The
velocity step was increased from 0 to 60°/s in 1 sec. The OVAR was used to naturally
stimulate the semi-circular canals and otolith organs by linear and angular head accelerations.
The semi-circular canals were stimulated by the velocity step, and the otoliths by the tilt
angle. We changed the rotation direction (clockwise, counterclockwise) to stimulate both right
and left horizontal semi-circular canals of the vestibular system. The horizontal semi-circular
canal on the right side of the head is activated during right horizontal acceleration, while the
contralateral canal on the left side is inhibited (Baloh & Honrubia 2011). During the SHAM
session, the rotatory chair did not move and was not inclined to avoid any vestibular

stimulation. All sessions were carried out in complete darkness to avoid visual stimulation.

Actigraphy measure

Actigraphy was measured continuously 1 week before the first session (BASELINE),
the week between the first and second sessions, and 1 week after the second session. Each
subject wore an actigraph (Motion Watch 8 ®, Neurotechnology, Cambridge, UK) on the
non-dominant hand during all 3 weeks of the protocol, except when showering or swimming.

An accelerometer placed on the actigraph allowed body movements to be accurately recorded.

8

URL: http://mc.manuscriptcentral.com/Icbi E-mail: ICBI-peerreview@journals.tandf.co.uk

Page 8 of 31



Page 9 of 31

oNOYTULT D WN =

Chronobiology International

Amounts of time were recorded if the level of the signal produced in response to movement
during a 1-min time period was above a 0.01G threshold. Participants were also asked to
complete a diary to record their daily sleep schedule, including bedtime, estimated sleep

onset, wake times, and night-time awakenings.

Data analysis

Six subjects withdrew from the protocol, and their data were excluded from all
statistical analyses. We have excluded them from our analysis because they stopped the
stimulation. They pressed the panic button when the stimulation was in progress due to severe
motion sickness symptoms. The resulting stimulation received was thus not similar to that of
the other participants. Two of the remaining participants were withdrawn from the
rest/activity rhythm analysis, and from actigraphic estimates of sleep/wake cycle analysis, due

to a dysfunction of the actigraph.

Rest/activity rhythm

The average activity levels measured between 16:00 and 00:00h after the three
conditions (BASELINE, SHAM, STIM) were compared to evaluate the short-term effects of

the vestibular stimulation.

The rest/activity rhythm was analyzed with the cosinor method. To capture the
condition effect of the actigraph variables, we selected a generalized nonlinear least squares
regression approach. More specifically, we used the common cosinor function

parameterized by:
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(t — phase) - 2.11)

Y(t) = mesor + ampl - cos( ’

The interpretation of the parameters of this function is as follows.
mesor: the 24 h time series average level,

ampl: amplitude (activity level at the acrophase — mesor). Acrophase is the Cosinor-derived

time of the peak activity level,

phase: the time of the acrophase,

P: Period of the rhythm (24 h).

Actigraphic estimates of the sleep/wake cycle

The actigraph-obtained data were analyzed by Motionwatch MotionWare Software
(Cambridge Neurotechnology Ltd., Cambridge, UK). The following variables were selected
for data analysis: wake-up time, bedtime, assumed sleep time, sleep efficiency, and sleep
fragmentation index. When assessed with actigraphy, sleep fragmentation may refer to the
amount of movement or restlessness in a sleep period. For example, actigraph software
programs use algorithms to calculate a sleep fragmentation index, based on the number of
interruptions of sleep by physical movement calculated as 100 x the number of groups of
consecutive mobile 30-s epochs/by the total number of immobile epochs. As provided by the
Non-Parametric Circadian Rhythm Analysis (NPCRA) (Van Someren et al. 1999), L5 is the

least active 5 h period and M10 is the most active 10 h period of the 24 h.
Motion sickness measure

Motion sickness symptoms were assessed using the Graybiel scale form (Graybiel et

al. 1968). They were measured before (pre-tests) and after (post-tests) SHAM and STIM

10
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sessions. The measures were repeated 1 h (post-tests +1 h), 2 h (post-tests +2 h), 24 h (post-

tests +24 h), and 48 h (post-tests +48 h) after the two sessions.

Statistical analysis

We performed multifactorial non-parametric analyses of variance for repeated
measures (Brunner et al. 2002) for variables when there were disparities from both the
assumption of normality and homoscedasticity and sphericity of the data. The methods used
were implemented in the R package nparLD (Noguchi et al. 2012). This non-parametric
analysis technique is particularly suited to data with repeated measures in factorial
experiments and served for examining the effects and possible interactions between the
repeated factors condition (with BASELINE, SHAM, STIM values) and time (with pre-tests,
post-tests, post-tests+1 h, post-tests+2 h, post-tests+24 h, post-tests+48 h values) or day (next
day, two days) depending on the variable. We followed the same logic for many of our
analysis. First, we fitted a full model for the “ld.f2” design. If a significant effect was
indicated by the Wald statistic, we proceeded to the second step with post hoc testing by
means of Wilcoxon tests. The p-values of the post hoc testing were adjusted by Holm’s
method in order to account for multiple comparisons. Furthermore, we carried out a
unifactorial non-parametric variance analysis for repeated measures using the “ld.f1” design
for the average activity measured at the end of day one between 16:00h and 00:00h. The
predictor variable was the repeated factor condition (with BASELINE, SHAM, STIM values)

and, as described above. Wilcoxon’s test was used for post hoc analysis.

For the cosinor analysis, we evaluated the condition effects (BASELINE, SHAM,
STIM) by progressively adding (one by one) these effects to mesor, amplitude, and phase

values. In order to evaluate which model was most appropriate for the data analysis, we
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considered various model specifications and compared them by means of the model selection
criteria, i.e. the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC),
and the Likelihood Ratio Tests (LRT) (Pinheiro & Bates 2006). In the Results section, we
present parameter estimation results only for the best model, i.e., the model which could not
be improved by adding any effects; more specifically, the core statistical result presented in
addition to AIC and BIC is a model comparison based on LRT. We show the values of these
statistics and associated p-values. When the LRT indicated a significant effect of a variable,
the coefficients of the model were further examined and represented as the #- and p-values
associated with each variable tested. Probability (p) values of less than 0.05 were assumed to

indicate statistical significance.

12
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Results

Rest/activity rhythm

The average activity levels (activity counts per min, ac/min) measured in the evening
after BASELINE, SHAM, and STIM conditions demonstrated a significant condition effect (p
< 0.01). The post hoc analysis revealed a significant decrease after the STIM condition

(161.71 £45.73 ac/min) compared with the SHAM (207.97 + 86.86 ac/min) condition (Figure

).

[Figure 1 here]

The statistical analysis revealed a significant phase advance (p < 0.001) of the
rest/activity rhythm acrophase by 1.15 h in the STIM condition (to 15:22h) compared to the
BASELINE and SHAM conditions (16:37h), two days after the session (Figure 2). The
circadian amplitude (123.31 + 5.48 ac/min) and mesor (146.59 + 3.89 ac/min) gave similar
results regardless of the condition. The analysis did not uncover any significant effect on the

day following the sessions (p = 0.39).

[Figure 2 here]

Table 1 shows all models fitted to the data. The models are categorized by increasing
complexity, starting with the “null model”, only consisting of a constant. The columns show
(from left to right) the model name, the number of degrees of freedom (df) of the model, the
AIC, the BIC, the log-likelihood (loglik), the models tested by an LRT, the statistic of the
LRT, and the p-value of the LRT. Interpretation of the information of this table is as follows.

13
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The lower values of AIC and BIC indicate the best model. Both criteria favor the third model,
which incorporates a phase effect in the STIM condition.
[Table 1 here]

Actigraphic estimates of sleep/wake cycle

Vestibular stimulation did not affect the sleep habits, wake-up time (condition p =
0.29; day p = 0.09; condition*day p = 0.09), and bedtime (condition p = 0,34; day p = 0,34;
condition*day p = 0,84), and, therefore, it did not show any significant effects.
Likewise, the assumed sleep time (condition p = 0.87; day p = 0.67; condition*day p =
0.34), sleep efficiency (condition p = 0.25; day p = 0.89; condition*day p = 0.30), and sleep
fragmentation index (condition p = 0.43; day p = 0.26; condition*day p = 0.34) did not
differ, no matter the conditions. The L5 (condition p = 0.72; day p = 0.42; condition*day p
= 0.91) and M10 (condition p = 0.23; day p = 0.53; condition*day p = 0.71) measured after
BASELINE, SHAM, and STIM conditions did not show significant differences. Each analysis

includes both the first and second day after each condition.

Motion sickness symptoms

The statistical analysis of motion sickness symptoms measured by the graybiel scale
demonstrated a significant interaction between condition (SHAM, STIM) and time (pre-tests,
post-tests, post-tests +1 h, post-tests +2 h, post-tests +24 h, post-tests +48 h) factors (p <
0.001). In the STIM condition, post hoc analysis showed a significant increase in motion
sickness symptoms between the post-tests (3.04 + 4.49) and the pre-tests (0.57 £ 1.07), post-
tests +1 h (0.92 + 1.72), post-tests +2 h (1.21 £ 1.84), post-tests +24 h (0.31 + 1.23), and post-

tests +48 h (0.27 = 1.19) (Figure 3).

[Figure 3 here]
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Discussion

The present study aimed at investigating the impact of vestibular stimulation
induced by a rotatory chair on the rest/activity rthythm recorded by actigraphy. The main
results demonstrated a decrease in the average activity level measured after vestibular
stimulation by comparing it to the SHAM condition. In addition, it revealed a small
but, nonetheless, significant 1.15 h phase advance on the second day following the vestibular
stimulation session. However, the vestibular stimulation did not influence actigraphic
estimates of the sleep/wake cycle. Motion sickness symptoms increased significantly after

vestibular stimulation.

Our results showed a decreased activity level in the evening following the vestibular
stimulation at 18:00h. This result reinforces the hypothesis of the implication of vestibular
afferents on the rest/activity rhythm in humans by modulating the motor activity rthythm. It
corroborates similar findings about the increase in motor activity level in patients with
bilateral vestibular loss during the rest period (Martin et al. 2016). Reports in the literature
have demonstrated that swinging stimulation releases anxiety and stress by decreasing heart
rate, blood pressure, and cortisol level (Snyder et al. 2001; Kumar et al. 2014). We assume
that the relaxing effect of vestibular stimulation could explain the decreased activity level
following the stimulation. The increased symptoms of motion sickness caused by vestibular
stimulation present an alternative explanation for the decrease in activity level. The

participants felt nauseous and drowsy, so they naturally reduced their movements.

The current study showed that a significant phase advance of the rest/activity rhythm
occurred after the late-afternoon (18:00h) vestibular stimulation. This result supports the
hypothesis of the potential effect of vestibular stimulation on the circadian rhythms. To date,
the literature has paid particular attention to the effect of physical activity on circadian

15

URL: http://mc.manuscriptcentral.com/Icbi E-mail: ICBI-peerreview@journals.tandf.co.uk



oNOYTULT D WN =

Chronobiology International

rhythms. Regular physical training activity in individuals working at night maintains
biological rhythmicity (Mauvieux et al. 2007). Early evening aerobic exercise was found to
cause a significant phase advance of melatonin secretion compared to a non-exercise group
(Buxton et al. 2003). Conversely, late night exercise can cause phase delay of melatonin
secretion (Barger et al. 2004). The vestibular system is thus more solicited during activity
periods, and particularly during physical activity. The phase advance caused by vestibular
stimulation when timed at 18:00h in the current study suggests that the effect of physical
activity on circadian rhythmicity can be, at least partially, conveyed though the vestibular
system. Although mechanisms are not clearly understood, macular gravity receptors seem to
be involved in the regulation of biological rhythms by vestibular afferents (Fuller et al. 2002;
Fuller & Fuller 2006). The phase advance effect of the rest/activity rhythm occurred two days
after the stimulation session. These results were unexpected, since most previous studies that
investigated the acute impact of the exercise session have mainly focused on the effect on the
day following the exercise session (Buxton et al. 2003; Baehr et al. 2003). Moreover, the
above-mentioned human studies mainly focused on a biological variable, such as melatonin,
but a different response of the circadian timing system to a non-photic stimulus among the
studied circadian rhythms is not unexpected. Indeed, Yamanaka et al. (2010) observed a
different resynchronization of the sleep/wake schedule and melatonin to the same exercise
stimulus. These authors hypothesized that a different type of synchronization to non-photic
stimuli occurred for the sleep/wake cycle when compared to melatonin. Additionally, the
vestibular stimulation induced by the rotatory chair is different from the natural stimulation
experienced with usual movements. Our repetitive stimulation is unusual and certainly non-

optimal, which perhaps helps explain the delayed effect.

This study would, therefore, constitute the preliminary step in the potential use of

vestibular stimulation to modulate biological rhythmicity. Some methodological limits should

16
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be discussed. We decided to use mechanical vestibular stimulation induced by a rotatory
chair. This technic naturally stimulates the vestibular system compared to the caloric
vestibular stimulation or galvanic vestibular stimulation. Some studies focusing on the effects
of swinging beds have used similar methods to induce canalicular and/or otolithic stimulation
(Woodward et al. 1990; Bayer et al. 2011). However, this technique induces significant
motion sickness symptoms, and 6 participants had to stop the experiment due to severe
symptoms. The nauseogenic effect depends on each individual’s sensitivity as well as

stimulation parameters, such as velocity and angle tilt (Denise et al. 1996).

In addition, behaviors can have a masking effect on the level of motor activity.
Melatonin secretion and temperature need to be measured in further experimental protocol to
confirm the role of vestibular afferents on the biological clock. One may suppose that
vestibular stimulation would have modified light perception sensitivity. Fuller & Fuller
(2006) evocated that the difference response to constant light or darkness between het and
normal mice was due to abnormal light perception in het mice (Fuller & Fuller 2006).
However, impact of vestibular stimulation on light perception, to the best of our knowledge,

remains to be explored.

In conclusion, the present study highlights the possibility of training biological
rhythms through vestibular stimulation. A decrease in activity level was observed on the
evening following the rotatory chair stimulation. We also found a phase advance effect on the
rest/activity rthythm two days following the 18:00h scheduled stimulation session. It is
unknown if the impact of vestibular stimulation is circadian rhythm-dependent such that when
scheduled at other circadian times would exert more, comparable, or less such effect.
However, our current observations support findings reported in the literature regarding the
potent effect of non-photic stimuli as vestibular afferents on biological rhythm

synchronization. Although the rotatory chair is similar to the natural stimulation of the

17
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vestibular system, under usual everyday life, it causes significant motion sickness symptoms.
Physical activity is a natural way to induce head accelerations, and its impact on biological
rhythms has already been demonstrated. Further research is necessary to test and develop the

use of vestibular stimulation in patients presenting biological disorders.
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Table 1. Parameters of the circadian rhythm of rest/activity two days after the BASELINE,

SHAM, and STIM conditions

oNOYTULT D WN =

9 df AIC BIC loglik LRT p-value
10 Null model (constant)

11 Session effect: none 3 137915,9 137937,8 -68954,95

12 Cosinor model

13 Session effect: none 5 137511,0  137547,5 -68750,53 408,8525 < 0,001
Cosinor model

STIM session effect: phase 6 137500,8 137544,5 -68744,40 12,2533 <0,001
Cosinor model

18 STIM session effect: phase

19 SHAM session effect: phase 7 137499,4 137550,4 -68742,68  3,4464 0,0634
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Figure 1: Average activity level (score + SD) for the three conditions (BASELINE, SHAM,

oNOYTULT D WN =

STIM). ** p < 0.01.

12 Figure 2: Rest/activity cosinor curves for STIM (black) and (BASELINE + SHAM) (grey)
conditions. A significant phase advance (1.15 h) is observed in the STIM condition (3:22
p.m), compared to BASELINE + SHAM (4:37 p.m.). Mesor (146.59 + 3.89) and amplitude

19 (123.31 £5.48) did not differ in the three conditions.

25 Figure 3: Mean motion sickness level (score £ SD) for SHAM and STIM sessions for pre-

27 tests, and post-tests (+1h, +2h, +24h, +48h) measures. *** p < 0.001
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Figure 1: Average activity level (score £ SD) for the three conditions (BASELINE, SHAM,

STIM). ** p < 0.01.
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Figure 2: Rest/activity cosinor curves for STIM (black) and (BASELINE + SHAM) (grey)

oNOYTULT D WN =

conditions. A significant phase advance (1.15 h) is observed in the STIM condition (3:22 p.m),
10 compared to BASELINE + SHAM (4:37 p.m.). Mesor (146.59 + 3.89) and amplitude (123.31

+ 5.48) did not differ in the three conditions.

Figure 3: Mean motion sickness level (score = SD) for SHAM and STIM sessions for pre-tests,

2 and post-tests (+1h, +2h, +24h, +48h) measures. *** p <0.001
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