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Abstract Since there are several popular beliefs about
putative health benefits of amusement which are empirically
substantiated poorly about putative health benefits of
amusement, the immediate cardiovascular effects of
amusement were studied in detail. Cardiovascular activity
was studied while participants were viewing humorous films,
relative to a control condition involving no amusement.
High-resolution measures of heart rate, heart rate variability,
continuous blood pressure, and respiration were recorded,
and the phase synchronization among the variables was
analyzed, which provides information on the coordinated
behavior of response systems. Viewing humorous films had
cardiovascular effects indicating heightened sympathetic
arousal, if they elicited intense amusement. No effects were
observed for variables indicating parasympathetic input to
the heart. The observed effects associated with amusement
were not driven by changes in the respiration. The suppres-
sion of positive affect expressions did not produce any
additional activation. The transient cardiovascular effects of
amusement do not correspond to beneficial correlates of a
habitual positive affect disposition reported in the literature,
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demonstrating that it would be erroneous to argue from the
long-term effects of a positive affect disposition to the effects
of a single amusing event.
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Introduction

It is often believed that the experience of positive emo-
tional states may be beneficial against cardiovascular dis-
ease. Indeed, there is some evidence that a positive affect
disposition may constitute a protective factor (Davidson
et al. 2010; Steptoe et al. 2009). However, it would be a
mistake to conclude that the benefits of an individual’s
habitual disposition toward positive moods do also apply
for single transient states of positive affect. Neither do the
cumulative short-term psychophysiological effects of
transient mood states necessarily match the long-term
effects of a habitual affect disposition (Dockray and
Steptoe 2010; Papousek and Schulter 2010; Pressman and
Cohen 2005). From these considerations, it follows that, in
addition to highly valuable prospective studies of the long-
term effects of affective traits, it is important to also study
the physiology of short-lived intense feelings.

It is true, of course, that in most cases, transient physi-
ological responses to emotion-eliciting events are of no
clinical importance in themselves. Accumulation of these
effects over longer intervals may eventually have patho-
physiological significance (Chida and Hamer 2008). More
importantly, the evaluation of autonomic changes during
intense emotional arousal may be relevant, because the
autonomic modulation of the cardiovascular system is
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likely to be important in the pathogenesis of acute coronary
syndromes such as myocardial infarction and sudden car-
diac death (Bhattacharyya and Steptoe 2011; Lahiri et al.
2008; Miyazaki and Zipes 1990). In patients with coronary
artery disease, even short periods of intense emotional
arousal may trigger the onset of acute coronary syndromes
(Mittleman et al. 1995; Pressman and Cohen 2005; Sam-
uels 2007; Strike and Steptoe 2005). In general, most
research in the field has focused on negative affect such as
anger and depression, whereas positive affect is relatively
underexplored.

Moreover, the current clinical zeitgeist is also to argue
that the habit to suppress one’s feelings can be maladaptive
and should be discouraged (Dunn et al. 2009). Early psy-
chosomatic ideas were based on the assumption that the
suppression of unwanted feelings would be associated with
higher physiological responses, which in turn was consid-
ered to be unhealthy (Alexander 1939). More recently, it
has been suggested that overriding emotion response ten-
dencies require an active inhibitory process, that is, effort,
which may be accompanied by additional cardiovascular
activation (Gross and Levenson 1993). Suppression, too,
has primarily been investigated in the context of negative
affect so far.

The purpose of the present investigation was to study in
detail the immediate cardiovascular effects of acute posi-
tive emotional arousal as well as of the active suppression
of its outward expression, in order to evaluate several
several popular beliefs about putative health benefits of
amusement and laughter which are empirically substanti-
ated poorly (Martin 2001; Papousek and Schulter 2010).

Previous research has shown that positive affect, if intense
enough, causes a transient increase in heart rate and blood
pressure (Herring et al. 2011; Neumann and Waldstein 2001;
Pressman and Cohen 2005). Additionally, studies on the
immediate cardiovascular effects of expressive suppression
(mostly after the induction of disgust) reported findings that
were inconclusive in so far as the suppression of emotional
expressions was accompanied by lower heart rates as com-
pared to a natural viewing condition; but at the same time by
greater changes in a composite measure of finger pulse
amplitude, pulse transmission time, and finger temperature,
which were interpreted as activation of the sympathetic
nervous system (Gross and Levenson 1993; Roberts et al.
2008). Other studies did not replicate the latter effects (Ku-
nzmann et al. 2005). Cardiovascular effects of the control of
positive affect expression have rarely been investigated
(Gross and Levenson 1997).

To date, the cardiovascular consequences of amusement
and of the suppression of its expression have not yet been
analyzed in a very detailed way as far as the physiology is
concerned. For instance, little is known about the auto-
nomic changes that may underlie increases in heart rate or
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blood pressure, and it has not yet been explored how much
of the cardiovascular changes is explained by changes in
the respiratory patterns (produced, e.g., by incipient or
stifled laughter).

In the present study, high-resolution measures of heart
rate, continuous blood pressure, and respiration were
recorded and their interactions were analyzed. To provide a
more in-depth analysis of the interaction between response
systems, the phase synchronization of heart rate, blood
pressure, and respiration was analyzed. Phase synchroni-
zation provides a quantitative indicator of the coordinated
behavior of response systems (Lackner et al. 2011; Ro-
senblum et al. 2004; Schaefer et al. 1999).

The cardiovascular activity was studied while partici-
pants were viewing humorous film clips, relative to a
baseline condition involving no amusement (emotionally
neutral films). In addition, potential additional effects of
the suppression of the outward expression of amusement
were studied. As individuals differ greatly in which kind of
humor they appreciate and how funny they find it (Ruch
1998), the cardiovascular changes were studied in groups
of participants who were susceptible to the humor in the
films and participants who were not susceptible or were
susceptible only to a limited extent (according to the
experience of amusement reported on rating scales after
each film). That way, the cardiovascular changes during
viewing the films could more unequivocally be attributed
to the actual experience of amusement.

Methods
Participants

Forty-eight female undergraduates (mean age 21.0 £
2.7 years) were participated in the study (45.8 % Cauca-
sian, 14.6 % Hispanic, 12.5 % African American, and
27.1 % Asian American). Because gender and age may
affect cardiovascular variability, participation was limited
to women aged between 18 and 35, who were not taking
medication for known cardiovascular problems or psychi-
atric disorders. The study was performed in accordance
with the Declaration of Helsinki and was approved by the
local ethics committee. The participants provided written
informed consent and received course credit or $20 for
their participation.

Stimuli

Three film clips (each approx. 60 s) were assigned to each
of the three conditions (neutral, humorous natural viewing,
humorous expressive suppression) and were presented
consecutively without interruption, that is, one film block
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lasted for 3 min, during which the physiological data were
recorded. The clips were selected from a pool of scenes
according to amusement ratings in a pilot study. The pilot
data confirmed that, on average, high levels of amusement
were evoked by each of the humorous 1-min clips: the
average amusement rating was M = 4.03 (SD = 0.35,
n = 15) on a scale from 1 to 5. The humorous film stimuli
were composed of several slapstick scenes and jokes from
various movies and TV programs, ensuring that humor and
its physiological concomitants were present right from the
beginning of the recording periods onwards. Recently, it
was demonstrated that the recognition of the funny punch
lines of single jokes was immediately followed by cardiac
responses (Lackner et al. 2013). The assignment of the
humorous film clips to the natural viewing versus expres-
sive suppression condition,! the order of the blocks, and the
positions of the film clips within each block were coun-
terbalanced across participants.

Physiological Measurement

Continuous hemodynamic monitoring of blood pressure
(BP), heart rate (HR), and thoracic impedance was carried
out with the Task Force® Monitor (TFM®; CNSystems,
Graz, Austria). HR was recorded by 3-lead electrocardi-
ography (ECG; sampling rate = 1kHz, foyor =
0.08-150 Hz) using CNSystems ECG electrodes placed at
the thoracic region. Continuous BP (sampling rate =
100 Hz, BPpge = 50-250 mmHg, =5 mmHg) was
derived from the finger using a refined version of the
vascular unloading technique and corrected to absolute
values with oscillometric BP measurement on the contra-
lateral upper arm. The method is based on concentrically
interlocking control loops for correct long-term tracing of
finger BP and delivers, in contrast to intermittent set point
re-adjustments of the conventional vascular unloading
technique, BP without interruptions (Fortin et al. 2006a).
For thoracic impedance measurement, three CNSystems
short-band electrodes (two electrode bands set at a prede-
fined distance onto a common adhesive medium; sampling
rate = 500 Hz, I.; < 400uA, f = 45 kHz, Zy range = 10-75
Q, dZ/dr = £10 /s) were placed onto the participant: one
placed at the nape of the neck close to the glottis, two others
placed on the thorax close to the xiphoid (see Fortin et al.
2006b).

The heart rate provides an index of the net effects of
sympathetic and parasympathetic inputs to the sinus node
(Miyazaki and Zipes 1990). Measures of heart rate vari-
ability assess modulation of autonomic control of heart
rate and provide information regarding sympathetic or

! Data of one further humorous film block are not relevant to the
present research question and will not be presented here.

parasympathetic input individually. Nonlinear indices of
heart rate variability can provide additional information to
traditional measures, which have been shown to be inde-
pendently relevant to cardiovascular morbidity (Lahiri
et al. 2008; Stein et al. 2005). Increased blood pressure
variability in response to challenge has been linked to an
unfavorable reduction in cardiac autonomic control (Sloan
et al. 1999; Taylor and Eckberg 1996).

Procedure

After the finger cuff, the arm cuff, and the electrodes were
attached, the participants completed some questionnaires
that are not relevant to the present research question. An
example of the films was presented and the procedure was
explained, before the first film block was started. A break of
3 min was observed before the presentation of the next film
block. After each film block, the participants were asked to
retrospectively rate their amusement produced by each clip
on a scale from 1 (“not at all”) to 7 (“very strong”; “How
amused did you feel during this video?”). As a reminder of
which film clip the participants were asked to rate, a repre-
sentative still image of the clip was presented on the screen.
Before the neutral film block and before the humorous film
block in the natural viewing condition, the participants were
instructed to attend naturally to the upcoming three film clips
and to express their feelings as they usually do when viewing
movies. Before the expressive suppression condition, the
participants were instructed to hide their feelings during the
upcoming three film clips, so that a naive observer would not
realize they were viewing films. During the whole procedure
(total duration 25 min), the participants remained seated,
were asked not to talk or make abrupt movements, and were
monitored online by the experimenter to ensure high signal
quality.

Data Reduction and Analysis

To obtain R-R intervals and blood pressure time series
with equidistant time steps, the beat-to-beat values were
resampled with 4 Hz using piecewise cubic spline inter-
polation after artifact correction. The full respiratory signal
was derived from the raw data of thoracic impedance
(Ernst et al. 1999; Houtveen et al. 2006).

Time domain measures of heart rate variability were
computed as the standard deviation of normal-to-normal
beat (SDNN) and root mean squared successive differences
(rMSSD) of R-R intervals. SDNN is related to the total
variance, whereas rMSSD detect high-frequency (short-
term) oscillations. Changes in short-term heart rate vari-
ability are mainly caused by changes in vagal tone. The
nonlinear (geometrical) index SD2/SD1 of heart rate vari-
ability quantifies the shape of the Poincaré plot, which is a
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graphical representation of the underlying patterns in the
R-R time series. SD2/SD1 reflects the balance between
long- and short-term variability, by analogy with LF/HF
from spectral analysis, with higher values indicating
increased sympathetic activity (Brennan et al. 2001; Task
Force 1996).

For frequency domain measures of R-R intervals, the
autoregressive Burg algorithm was used (model order 24),
after resampling and removing the trend of second order.
The advantage of the Burg algorithm over fast Fourier
transform (FFT) is that parametric methods can yield
higher resolutions than nonparametric methods in cases
when the signal length is short. In estimating short data
records, the autoregressive power spectral density esti-
mates are very close to the true values. In addition, the
Burg method ensures a stable autoregressive model and is
computationally efficient. In most instances, both methods
provide comparable results; however, for 3-min recordings,
parametric methods are recommended (Task Force 1996).
The low-frequency range (LF) was defined as
0.04-0.15 Hz, whereas the high-frequency range (HF) was
defined as 0.15-0.40 Hz (Task Force 1996). Total power
was also calculated (TOTgg; frequency range <0.40 Hz).
A natural logarithm (In) procedure was employed to correct
for skewed raw score distributions in the spectral data.
HFRg is generally thought to be mainly of parasympathetic
origin, whereas LFgrgr is considered as reflecting sympa-
thetic influences on the heart but to be also contaminated
by parasympathetic influence (Task Force 1996). The LF/
HFRR ratio represents the relative contribution of the two
components, minimizing the influence of total power, with
higher values of LF/HFRR indicating relative increases in
sympathetic activity.

Time domain measures of blood pressure variability were
computed as the standard deviation (SDggp, SDpgp). Blood
pressure variability in the low-frequency range (LFgsgp,
LFpgp) was computed by analogy with the frequency domain
measures of heart rate variability. Higher levels of beat-to-
beat blood pressure variability characterize a more activated
state. Low-frequency blood pressure variability is mediated
by vascular sympathetic activity (Sloan et al. 1999).

In addition to the breathing rate (cycles per min), the
proportion of regular breathing cycles (Cyclesy,jiq) and the
variability of the breathing rate (standard deviation,
SDgreathing rate) Were computed, which also reflects more
irregularity in the breathing pattern.

Phase synchronization variables were calculated as
described previously (Lackner et al. 2011; Moertl
et al. 2013). In brief, the analysis of synchronization, e.g.,
of R-R interval and respiration is based upon the weak
coupling of two chaotic systems. Each oscillator can be
described by its amplitude and phase as a function of time.
For the purpose of our study, only a phase (but not
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amplitude) needed to be defined for a time series that
contains oscillations in a narrow frequency band. The time
series phase definition for the R—R interval, blood pressure,
and respiration was given using the concept of analytic
signals (Cysarz et al. 2004). In the next step, the difference
between two given phase vectors for the interpolated
bivariate time series, e.g., in this case between R—-R interval
and respiration, was calculated. The time series are defined
as synchronized if this phase difference is constant over
time. In case of synchronization, the distribution of the
phase difference shows a definite maximum where the it is
quantified by the synchronization index y. Theoretically, if
the synchronization index y = 1, both time series are
completely synchronized in a statistical sense, while in the
case of y = 0, both time series are completely desynchro-
nized (Lackner et al. 2011; Moertl et al. 2013).

Statistical Analysis

To unequivocally interpret the cardiovascular changes as
the effects of experiential emotional arousal, the partici-
pants were divided into groups those who were susceptible
to the humor in the films versus those who were not sus-
ceptible or were susceptible only to a limited extent, using
the retrospective amusement ratings of the humorous films
in the natural viewing condition (median split). The dif-
ference in the amusement scores between the two groups
was statistically significant (#(46) = 7.6, p < .001;
M =40,SD =9, M=155,SD = 4).

The cardiovascular effects were analyzed using 3 x 2
analyses of variance (ANOVAs) with Film Block (neutral,
humorous—natural viewing, humorous—expressive sup-
pression) as a within-subject factor, Humor Susceptibility
(low- vs. high-experienced amusement) as a between-sub-
ject factor, and the hemodynamic measures as the dependent
variables. A two-tailed significance level of o = .05 was
used for the analyses. Bonferroni correction for multiple
comparisons yielded critical p values of p < .013, p < .013,
p < .008, p < .017, and p < .007 to indicate statistical sig-
nificance in the analysis of time domain, frequency domain,
blood pressure, respiratory, and phase synchronization
variables, respectively. An analogous ANOVA was per-
formed with the subjective ratings of amusement as the
dependent variable. In case of significant ANOVA effects,
Bonferroni-corrected post hoc tests were performed.

Results
Amusement Ratings

The participants in the group who was more susceptible to
the humor in the films reported a significant increase in
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amusement during viewing the humorous film blocks as
compared to the neutral film block. In addition, they
reported a relatively lower level of amusement during the
expressive suppression condition as compared to the nat-
ural viewing condition (neutral block: M = 2.0, SD = 1.0,
humorous natural: M = 5.5, SD = .4, humorous suppres-
sion: M = 4.9, SD = 1.0). The less-susceptible group also
reported some amusement during viewing the humorous
film blocks. However, the level of amusement was lower
that that of the more-susceptible group, and there was no
significant difference between the natural viewing and the
expressive suppression conditions (neutral block: M = 2.0,
SD = 1.0; humorous natural: M = 4.0, SD = .9; humor-
ous suppression: M = 4.5, SD = 1.3; interaction film
block x humor susceptibility F(2,92) = 10.1, p < .001,
np = .18; main effect Film Block F(2,92) = 177.1,
p < .001, 171% = .79; Bonferroni-corrected post hoc tests).

Heart Rate and Heart Rate Variability
Time Domain Variables

The interaction film block x humor susceptibility was
significant for heart rate (F(2,92) = 7.6, p < .01, nﬁ =
.14), SDNN (F(2,92) = 7.7, p < .01, nﬁ = .14), and SD2/
SD1 (F(2,92) = 6.0, p < .01, 173 =.12), but not for the
parasympathetically dominated rMSSD (F(2,92) = 1.7,
ns.). The main effects of Film Block were not significant.
Means and standard deviations are shown in Table 1.

Frequency Domain Variables

The ANOVAs yielded significant interactions film bloc-
k x humor susceptibility for In(TOTgrgr) (F(2,92) = 8.9,
p < .001, nﬁ = .16), In(LFrr) (F(2,92) = 9.6, p < .001,
np=.17), and In(LF/HFgg) (F(2,92) = 6.8, p < .0l,
Ny = .13), whereas the effect was not significant for
In(HFgRRg), which is related to the parasympathetic branch of
the autonomic nervous system (F(2,92) = .7, ns.). The
statistical results for the main effects of Film Block were
F(2,92) =34, p < .05, n,z, = .07, F(2,92) = 5.4, p < .01,
np = .11, F(2,92) = 9.4,p < .001, 1, = .17, and F(2,92) =
.7, ns., respectively (Table 2).

Post hoc tests indicated that in less-susceptible partici-
pants, heart rate and heart rate variability remained stable
across all conditions. In participants who were more sus-
ceptible to the humor in the films according to self-report,
several variables indicating a higher sympathetic tone were
increased during viewing the humorous film block natu-
rally as compared to viewing the neutral film block. This
was observed for heart rate and SDNN, which also resulted
in a higher sympathovagal balance (SD2/SD1). These
effects were even more pronounced for the variables in the

Table 1 Time domain variables of heart rate variability as a function
of film block and humor susceptibility

(1) Neutral (2) Humorous (3) Humorous film

film block film block block expressive
natural viewing suppression
Heart rate (bpm)
Amusement 704 £ 12.7 694 4+ 12.6 69.8 £ 12.5
low
Amusement 71.7 = 82> 738 £6.7 706 £ 7.2?
high
SDNN (ms)
Amusement 66.3 + 31.0 59.8 +£234 63.1 &+ 33.8
low
Amusement  63.5 + 24.4* 81.9 + 403" 69.7 + 26.9°
high
rMSSD (ms)
Amusement 53.3 £+ 33.5 52.2 4+ 31.7 52.5 £31.3
low
Amusement 53.7 +26.4 55.1 £ 28.1 59.0 £+ 26.1
high
SD2/SD1
Amusement 2.55 + 0.86 2.44 £ 1.04 2.40 £+ 1.03
low
Amusement 228 & 0.74* 293 + 1.06"° 224 + 0.57*
high

Mean =+ standard deviation. Superscript digits 1, 2, and 3 indicate
significant post hoc comparisons made within each group (humor
susceptibility: low- vs. high-experienced amusement). The digits refer
to the film blocks from which the respective film block differs sig-
nificantly. Significant interaction effects (film block x humor sus-
ceptibility) were observed for heart rate, SDNN, and SD2/SD1

frequency domain (In(LFggr), In(LF/HFRR)). By contrast,
no differences in cardiac activity were observed between
viewing the neutral film block and viewing the humorous
films in the expressive suppression condition. That is, the
activating effect observed in more-susceptible participants
during naturally viewing the humorous films was absent
when they were suppressing emotional expressions.

Blood Pressure and Blood Pressure Variability

No interaction effect was found for the variables related to
systolic blood pressure (SBP F(2,92) = .1, ns.; SDggp
F(2,92) = 3.3, ns.), except In(LFsgp) (F(2,92) =5.2,
p < .008, 1712, = .10). Similarly, the interaction effects were
nonsignificant for diastolic blood pressure variables (DBP
F(2,92) = .2, ns.; SDpgp F(2,92) = 4.4, ns.) with a trend
for In(LFpgp) (F(2,92) = 4.9, p = .01, 11!2, = .10). Signifi-
cant main effects of Film Block were found for the blood
pressure variability variables In(LFsgp) (F(2,92) = 9.5,
p<.001, n2=.17) and In(LFpgp) (F(2,92) = 5.1,
p < .008, 11,2, = .10) but not for SDggp (F(2,92) = 3.8, ns.)
or SDppp (F(2,92) = 3.5, ns.) Furthermore, the main
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Table 2 Frequency domain variables of heart rate variability as a
function of film block and humor susceptibility

Table 3 Breathing rate variables as a function of film block and
humor susceptibility

(1) Neutral (2) Humorous (3) Humorous film

(1) Neutral (2) Humorous (3) Humorous film

film block film block block expressive film block  film block block expressive
natural viewing suppression natural viewing suppression
In(TOTgRr) (msz) Breathing rate (min~")
Amusement 792 £ 0.72 7.75 £ 0.73 7.76 + 0.84 Amusement 173 £ 1.8 18.6 £ 2.1 179 £ 1.7
low low
Amusement 7.48 + 0.87° 827 + 0.86'*  7.89 + 0.76° Amusement 192 £24 202 £ 1.8 19.7 £ 2.0
high high
In(LFgg) (ms?) SDreathing rate (Min~")
Amusement 6.99 £ 0.71 6.84 £ 0.68 6.70 £ 0.82 Amusement 24+ 1.0 29+13 26 £ 1.0
low low
Amusement  6.72 & 0.93> 7.40 £ 0.89"7  6.96 £ 0.71° Amusement 2.8 £ 12> 4.1+ 13" 3.1+ 1.0°
high high
In(HFgg) (ms?) Cyclesvaia (%)
Amusement 6.51 £ 1.01 6.38 £ 1.08 6.49 + 0.93 Amusement 889 + 9.8° 91.1 78 93.7 + 5.5
low low
Amusement  6.57 £ 1.09  6.61 & 0.94 6.67 & 0.95 Amusement  94.5 £ 54 843 £ 107" 945 £ 4.7
high high
In(LF/HFrg) Mean =+ standard deviation. Superscript digits 1, 2, and 3 indicate
Amusement  0.48 £ 0.85 0.45 &+ 0.84 0.21 +0.83 significant post hoc comparisons made within each group (humor
low susceptibility: low- vs. high-experienced amusement). The digits refer
Amusement 0.14 + 0.80° 0.79 + 0.67'  0.29 + 0.582 to the film blocks from which the respective film block differs sig-
high nificantly. Significant interaction effects (film block x humor sus-

Mean =+ standard deviation. Superscript digits 1, 2, and 3 indicate
significant post hoc comparisons made within each group (humor
susceptibility: low- vs. high-experienced amusement). The digits refer
to the film blocks from which the respective film block differs sig-
nificantly. Significant interaction effects (film block x humor sus-
ceptibility) were observed for In(TOTgg), In(LFgr), and In(LF/HFgg)

effects of Film Block were not significant for systolic
(F(2,92) = .8, ns.) or diastolic (F(2,92) = 1.7, ns.) blood
pressure level. The effects were mainly due to a relatively
reduced blood pressure variability in the expressive sup-
pression condition, in which the blood pressure levels did
not differ from the other conditions, however.

Respiration

A significant interaction was observed for SDgreathing rate
(F(2,92) = 4.2, p = .017, 11!2, = .08) and the proportion of
regular breathing cycles (F(2,92) =11.7, p < .001,
nﬁ = .20). Post hoc tests indicated that in participants who
were more susceptible to the humor in the films, the
breathing pattern became more irregular during viewing
the humorous film block naturally as compared to viewing
the neutral film block and compared to viewing the
humorous film block in the expressive suppression condi-
tion. No differences between the film blocks were observed
in the less-susceptible group. The interaction effect was not
significant for the breathing rate as such (F(2,92) = .4,
ns.). The main effect of Film Block was significant for all
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ceptibility) were observed for SDgeathing rae and Cyclesyyiia (%)

respiratory variables F(2,92) =157,
p <.001, nﬁ = .26; SDgreating rae: £(2,92) = 16.5,
p < .001, nﬁ = .26; Cyclesyaiq: F(2,92) = 15.5, p < .001,
;112, = .25), with the relatively lowest breathing rate and the
most regular breathing pattern during the neutral film
block. (Table 3).

(breathing rate:

Phase Synchronization
LF Components

Respiration was neither coordinated with the R-R interval
(VRespxRR:LF <=-06) nor blood pressure (respxsBpLF <
.05, YrespxpBP:LE < .05). That is, the causal relationships of
these variables were not significantly higher than those that
occur by pure chance (Lackner et al. 2011). This
was expected, because the breathing rate was in the
physiological range of 12-24 cycles/min, which corre-
sponds to a frequency of 0.2-0.4 Hz. Therefore,
7RespxRR;LF> VRespxSBP;LF> and YRespxDBP;LE WEre not con-
sidered in the analyses of variance. The remaining phase
synchronization variables implicating the LF components
did not show significant film block x humor susceptibility
interaction effects (ypppxsppLr:  F(2,92) = .5, ns;
¥sBPxRR;LE: F(2,92) = 2.0, ns.; ysppxrriLE: F(2,92) = .7,
ns.) or main effects of Film Block (ypppxsBp.LE:
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Table 4 Phase synchronization variables as a function of film block
and humor susceptibility

(D) (2) Humorous (3) Humorous film
Neutral film block block expressive
film block natural viewing  suppression
/DBPx SBP;LF
Amusement .72 &+ .15 .70 + .15 .68 £+ .12
low
Amusement .66 & .11 .64 + .16 .65 £ .11
high
VSBPxRR;LF
Amusement .44 £+ .15 .39 £+ .20 .36 + .16
low
Amusement .34 + .13 .31 + .15 35+ .15
high
VSBPxRR;LF
Amusement .44 + .14 .39 + .18 37 £ .17
low
Amusement .38 + .12 .35 + .18 36 £ .15
high
yRespxRR;HF
Amusement .57 £ .21 .54 £ .24 .64 £ .17
low
Amusement .60 £ .18% .33 + .22'3 57 +.17%
high
YResp x SBP;HF
Amusement .52 + 20 47 £ 27 .61 £ .18
low
Amusement .56 + 257 31 + 223 51+ 227
high
VDBPx SBP;HF
Amusement 18+ .16 .19 £ .17 24 + 21
low
Amusement .20 + .17 .12 + .12 14 £ .11
high
VSBPxRR;HF
Amusement .53 £ .20 .49 + 22° 59 +.187
low
Amusement .57 £ 22% 33 + 223 51 +.19°
high

Mean =+ standard deviation. Superscript digits 1, 2, and 3 indicate
significant post hoc comparisons made within each group (humor
susceptibility: low- vs. high-experienced amusement). The digits refer
to the film blocks from which the respective film block differs sig-
nificantly. Significant interaction effects (film block x humor sus-
ceptibility) were observed for JrespxRR:HF> VRespxSBp:ups and
YSBPxRR;HF

F(2,92) =7, 1S 7)SBPxRR.LF
¥sBPxRR;LE: F(2,92) = 1.7, ns.).

F,92) = 1.5, ns;

HF Components

The influence of the respiration on the diastolic blood
pressure is generally low (Lackner et al. 2011) as was

confirmed by low values of phase synchronization in
YRespxDBP;HF aNd YpBpxRR;HE- Therefore, Yrespxppp;ur and
YDBPxRR:HF Were not further analyzed. Significant interac-
tion effects were observed for yrespxrr:ur (F(2,92) = 7.4,
p =001, 1y =.14), Jrespusppmr (F(2,92) =52, p =
007, i} = .10), and ysppxrr:ur (F(2,92) = 7.4, p < .00,
1’]12, = 12), but not for YDBPxSBP;HF (F(2,92) = 32, HS.).
Only in the group who rated themselves having been more
amused by the humorous films, the phase synchronization
measures implicating respiration were reduced during
viewing the humorous film block naturally as compared to
both the neutral film block and the expressive suppression
condition (Table 4). The main effects of Film Block were
also significant for these variables (yrespxrr;ur: F1(2,92) =
18.4, p <.001, 1} = .29; Yrespxsppur: F(2,92) = 18.1,
p < .001, iy = .28; ysppxrrenr: F(2,92) = 15.8, p < .001,
1y = .26; Yppxsppur: F(2,92) = 1.5, ns.).

Discussion

As compared to viewing emotionally neutral films, viewing
humorous films (naturally) had effects on several cardio-
vascular measures indicating heightened sympathetic
arousal, but only if the participants felt indeed amused by
the films. In participants who were susceptible to the humor
in the films, heart rate, total heart rate variability, and
sympathovagal balance increased during viewing humor-
ous films. Invariance of the variables related to the para-
sympathetic branch of the autonomic nervous system
across the film blocks supported the notion that the
increases in cardiac activity were sympathetic nervous
system driven.

These results are in line with a previous study showing
that subjective ratings of amusement were positively cor-
related with heart rate reactivity, but not with respiratory
sinus arrhythmia and respiratory amplitude (Herring et al.
2011). As the increased cardiac activity during the
humorous film block was observed in comparison with
viewing emotionally neutral films, it is ensured that they
were elicited by the specific effects of the humorous films,
but not by the effects of viewing a film (any film). More-
over, the heightened sympathetic arousal during viewing
the humorous films did only appear in connection with the
experience of intense amusement. Therefore, the observed
heightened sympathetic arousal can be interpreted as the
transient psychophysiological effects of acute emotional
arousal due to amusement (and not, for example, to some
other possible differences between the neutral and the
humorous films).

Reports that cardiovascular recovery from stressful
experience was faster when positive than when negative
mood was induced after it might have suggested that state
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positive affect may “undo” the effects of negative emo-
tions by decreasing cardiovascular arousal (Fredrickson
et al. 2000). But in view of the present and other results
(Herring et al. 2011; Neumann and Waldstein 2001;
Pressman and Cohen 2005; Sakuragi et al. 2002), it seems
unlikely that a direct cardiovascular effect of positive
emotion was observed. More likely, the induced positive
affect may have produced an indirect effect by replacing
the negative affective state after the stressful experience by
a more positive one, potentially distracting the participants
more from the negative experience (see also Brosschot and
Thayer 2003; Papousek et al. 2011). Potentially beneficial
vascular effects that were observed some time after view-
ing funny films during which sympathetic cardiovascular
arousal was increased have to be expected to occur in a
similar manner after every emotionally arousing event.
That is, they may also occur after sadness- or anxiety-
inducing ones and may reflect counterregulation after
increased blood flow (Sugawara et al. 2010).

One might have suspected that the effects of amusement
on the cardiac variables could be mainly driven by changes
in respiration (e.g., because of effects induced by laughter
or incipient laughter). In fact, the variance of the breathing
rate was higher, and the percentage of regular cycles was
lower during viewing humorous films naturally as com-
pared to viewing the emotionally neutral film block. Sup-
pressing the emotional expressions during viewing
humorous films abolished this effect. However, the more
in-depth analysis using the synchronization index, ), sug-
gested a genuine cardiovascular effect of amusement. The
participants were allowed to breathe freely, and therefore,
the breathing frequency was in the physiological range of
12-24 cycles/min, which corresponds to a frequency of
0.2-0.4 Hz. Decreased phase synchronization was
observed in the variables related to the high-frequency
components, but the respiration was not coordinated with
the R-R interval or with the blood pressure in the low-
frequency components. If the cardiac effects would mainly
have been driven by changes in respiration, a decrease in
the heart rate variability in the high-frequency range should
have been observed during amusement, but instead
increased heart rate variability in the low-frequency range
was observed. That is, the respiration showed fluctuations
in the high-frequency range, whereas increased variability
in the low-frequency range was observed in the heart rate.
This resulted in decreased phase synchronization between
the two systems, suggesting that two separate processes
were observed in parallel: one related to respiration and
another one to cardiac arousal.

When the participants were instructed to suppress the
outward expression of their feelings, viewing the humorous
films had no cardiovascular effects whatsoever. That is, the
cardiovascular activity and the synchronization between

@ Springer

systems in the expressive suppression condition matched
that during viewing the neutral film block. Thus, by sup-
pressing the outward expression of amusement, the par-
ticipants also seemed to downregulate (or eliminate) the
amusement-related emotional arousal. In addition, no
noteworthy effort seemed to be required for it. This finding
is at odds with reports of heightened sympathetic activity
during the suppression of disgust or sadness, which was
interpreted to indicate the demanding nature of intentional
emotion suppression (Gross and Levenson 1993; Roberts
et al. 2008). One reason for this could be that positive
affect may be easier to control than negative affect. In
studies in which the participants were directly asked,
controlling positive emotion was subjectively rated as
being easier than controlling negative emotion (Kim and
Hamann 2007; Mak et al. 2009). On the other hand, various
studies demonstrated that posed facial expressions modi-
fied the experience of emotions. Posed expressions of
emotions were shown to be accompanied by a stronger
experience of the corresponding emotion as well as higher
physiological changes associated with emotional arousal
(Duclos et al. 1989; Levenson et al. 1990). It seems plau-
sible, therefore, that the reverse should also be true, that is,
voluntarily inhibiting the expression of an emotion may
also reduce its experience (Strack et al. 1988). It may also
be that the participants in the present study used other
strategies than just expressive suppression, which were
effective earlier in the process (Gross 1998). That is, par-
ticipants might have redirected their attention away from
the film or might have viewed it in a more detached way.
By not letting themselves become amused from the outset,
no forceful suppression of expressions of amusement may
have been necessary. In a study in which it was examined
whether participants actually used the regulation strategy
as instructed, it was found that more than 50 % of the
participants told to suppress their emotional expression
while viewing an emotional film used at least some ante-
cedent strategies such as distraction (Demaree et al. 2006).
However, there was no difference between positive
(amusement) and negative (disgust) films concerning this
matter.

A limitation of the study is that due to the design of the
experiment focusing on immediate (short-lived) effects of
humor, it cannot be excluded that expressive suppression
might have effects in the longer term. More far-reaching
conclusions from the present results are also limited by the
lack of longer-term and recovery data. Future studies are
needed to gain an even more complete picture of the
transient cardiovascular responses to the experience of
humor.

Taken together, the findings of the present study dem-
onstrated, first, that the experience of amusement is asso-
ciated with sympathetically driven cardiac activation.
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Contrary to widespread beliefs, there is no indication that
these effects might produce any immediate health benefits.
Second, the transient cardiovascular effects of amusement
do not correspond to those of a habitual positive affect
disposition reported in the literature. It has been shown, for
instance, that a habitual positive affect disposition is
associated with a lower ambulatory heart rate and blood
pressure and enhanced parasympathetic cardiac control,
that is, effects that are opposite to those observed in the
present study and beneficial (Steptoe et al. 2009; Bhatta-
charyya et al. 2008). Thus, the present findings suggest that
it would be erroneous to argue from the reported long-term
effects of a positive affect disposition to already beneficial
effects of a single amusing event. Third, the present study
does not provide any evidence for the notion that the
intentional suppression of affect might be unfavorable and
maladaptive because it might be associated with addition-
ally increased sympathetic nervous system activity, at least
as positive affect is concerned.
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