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Abstract
Background: Whereas previous studies revealed positive effects of emotional 
expressions such as swearing and laughing on acute pain, systematic research 
on the effects of crying on pain is missing. The rationale for the current study is 
that either a mere emotional distraction or changes in oxytocin and opioid lev-
els represent a mechanism through which crying modulates pain, with the tim-
ing of mood changes as crucial information for distinguishing between potential 
mechanisms.
Methods: In two studies, we exposed participants (Study 1: n  = 57; Study 2: 
n = 70) to a sad movie and measured their mood, and exposed them to pain in-
duction procedures (electric shock and cold- pressor test, respectively) before and 
after the film. Dependent variables were pain threshold, tolerance, and intensity. 
In addition to baseline and one immediate post- crying mood and pain response 
measurement in both studies, in Study 2, we repeated these procedures 20 and 50 
min later to discern between the potential role of neurobiological substances and 
distraction.
Results: Crying was elicited in 28 participants in Study 1 (49.1%) and 49 (70%) in 
Study 2. We found no systematic differences in pain and mood changes between 
criers and non- criers and no systematic dose- response relationship between cry-
ing and pain responses and mood. The only significant effects ran contrary to 
our hypotheses, showing detrimental effects of the occurrence (Study 1) and fre-
quency of crying (both studies) on pain threshold.
Conclusions: Results do not support the idea that crying has pain- alleviating ef-
fects, either via distraction or direct biological mechanisms.
Significance: Despite previous findings on pain alleviating effects of emotional 
expression and the widespread idea about the generally beneficial consequences 
of emotional crying, research on the possible pain alleviating effects of crying 
is largely missing. Two quasi- experimental studies demonstrated that crying in-
duced in laboratory conditions does not alleviate acute pain responses, suggesting 
that role of crying in pain interventions is doubtful. Less directly, results cast light 
on the role of emotional distraction from acute pain and possible crying- related 
neurochemical changes.
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1  |  INTRODUCTION

Emotional expressions such as swearing (Stephens & 
Umland, 2011) and laughter (Dunbar et al., 2012) appear 
to modulate acute pain. Surprisingly, comparable effects 
of tearful crying, a typical response to acute pain, remain 
mostly unexplored, although pain- alleviating effects of 
crying were already suggested by Darwin (1872/1965). The 
current study examines if crying affects pain responses 
and mood. The effects of crying on mood may provide 
important information about the mechanisms underlying 
the effects of crying on pain.

Crying and pain may be linked in two ways. First, cry-
ing (or accompanying emotional reactions) might distract 
from the acute physical pain, which represents one of the 
most effective pain coping mechanisms (Kohl et al., 2013). 
In general, distraction can decrease pain perception, with 
both stressful events (Quiton & Greenspan, 2007; Timmers 
et al.,  2018; but see also Jennings et al.,  2014) and pos-
itive emotional events (Mitchell et al.,  2006; Weaver & 
Zillmann, 1994) acting as distractors. In this view, the im-
mediate effects of crying are comparable to the impact of 
stress induction and any other positive or negative emo-
tional response. Alternatively, crying might alleviate pain 
by increasing the levels of pain- relieving substances (see 
Pérez- Aranda et al., 2019 for a review), with endogenous 
opioids and oxytocin being the most likely responsible 
factors (Panksepp, 1998; Vingerhoets, 2013). Specifically, 
these substances have a crucial role in social bonding 
(e.g., Burgdorf et al., 2016), which was theorized to rep-
resent the primary function of tears (Vingerhoets, 2013), 
but they also have pain- reducing effects (Benarroch, 2012; 
Herpertz et al.,  2019). While the current research will 
not directly assess fluctuations in these substances in the 
brain, it is important to note that their potential impact 
may be delayed and/or prolonged, due to the extended 
time course of their release and activity (e.g., Heinrichs 
et al., 2003). Thus, if opioids and oxytocin mediate the ef-
fects of tears on pain, then these effects could last longer 
than in the case of mere emotion- driven distraction.

Possible mood consequences of crying are potentially 
important for understanding the links between crying and 
pain. Notably, almost all earlier quasi- experimental stud-
ies revealed an immediate mood deterioration following 
crying (see Cornelius, 1997, 2001). However, in retrospec-
tive assessments of mental and physical benefits of crying 
in daily life, most criers claim to feel better following a 
tearful episode (Rottenberg et al., 2008; see also Gračanin 
et al.,  2014, 2015; Vingerhoets,  2013). Nevertheless, 
mood assessments over more extended time periods 
(up to 90  min) after exposure to a sad movie revealed 
that crying was followed by improved mood (Gračanin 
et al., 2015). While there are notable differences between 

quasi- experimental laboratory studies and natural condi-
tions that might affect the mood effects of crying (e.g. com-
forting responses are typically missing in the laboratory), 
the latter findings show that initial mood deterioration 
might be followed by mood improvements in laboratory 
conditions as well. Crucially, immediate mood deteriora-
tion following crying can be a valid indicator of stress that 
caused crying (Gračanin et al.,  2015) and might reflect 
crying- related stress, which distracts from pain. However, 
delayed mood improvements might suggest neurobio-
logical changes that might also affect pain. Specifically, 
because of the well- documented links between fluctu-
ations in the substances mentioned above and mood 
changes (Benarroch, 2012; Burgdorf et al., 2016; Grewen 
& Light, 2011; Heinrichs et al., 2003; Inagaki et al., 2020; 
Meier et al., 2016), an improved mood might reflect higher 
(brain) levels of oxytocin and opioids, which in turn might 
influence pain.

Until now, only Sharman et al. (2020) directly explored 
the links between tears and acute pain and found no ef-
fects of crying on pain using a cold pressor test. The study 
focused primarily on measuring stress rather than pain re-
sponses, and it did not control for baseline pain tolerance. 
Thus, it could not investigate changes in these responses. 
In addition, it could not assess potential more delayed ef-
fects. The current research is the first to focus exclusively 
on the links between crying and pain. In two studies, we 
exposed female participants (because of their greater pro-
pensity to cry; Vingerhoets & Scheirs, 2000) to emotional 
films and measured mood and pain responses repeatedly. 
To induce pain, instead of electrical stimulation (Study 1), 
in the second study, we used a cold pressor test since it 
is less threatening and potentially more sensitive to pro-
longed mood and related physiological changes (Zelman 
et al., 1991). We anticipated beneficial effects of crying on 
the sensory and pain threshold, tolerance and intensity. If 
the pain- alleviating effect of crying occurs rather immedi-
ately, we expected this to be caused by negative emotional 
reactions acting as distractors. In contrast, prolonged ef-
fects of crying on pain would be accompanied by mood 
improvements.

2  |  STUDY 1

2.1 | Methods

2.1.1 | Participants

Since Sharman et al.  (2020) did not focus on changes in 
pain responses but rather on absolute pain tolerance lev-
els, while we were specifically interested in within- subjects 
changes, we could not determine our sample size based 
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on that study. Instead, we based the sample size calcula-
tion on the effect observed in a comparable study (Dunbar 
et al., 2012) that demonstrated the impact of laughter on 
changes in pain tolerance. The effect size for the observed 
impact of laughter on pain tolerance in a between- subjects 
design was medium to large (Cohen's d of 0.65). Based on 
earlier studies that also used films (Gračanin et al., 2015; 
Van der Veen et al., 2012), we expected at least 50% of the 
participants to cry. This implied a minimal sample size of 
40 subjects for each study.

Sixty female psychology students took part in Study 
1. Forty of them were first- year university students, who 
received course credit for participation, and the remain-
ing 20 students were second-  or third- year students who 
received financial compensation (30 euro). Exclusion 
criteria in both Study 1 and Study 2 were the presence of 
any severe chronic physical or psychiatric illness, the use 
of medication other than hormonal contraceptives, and 
being pregnant. Data of three participants from Study 1 
were excluded due to equipment failure. The age of the 
final group (57 participants) varied from 18 to 32 years 
(M = 20.7, SD = 2.9). More information about participants 
and other details of this project are available in supple-
mentary materials and at https://osf.io/4s63t/ ?view_on-
ly=7a4a7 dccf7 574c2 3b767 62094 f11feea.

The Psychological Research Ethics Committee of the 
Tilburg School of Social and Behavioural Sciences ap-
proved both studies, and all participants provided written 
informed consent.

2.1.2 | Materials and measurements

Crying eliciting and neutral stimuli
A 15- minute- long National- Geographic documentary 
‘Natural Balance’ (Nixon, 1994) was used as a neutral stim-
ulus to familiarize the participants with the experimental 
setting and procedures. We applied the film ‘Once Were 
Warriors’ (OWW; Scholes & Tamahori, 1994) as the emo-
tional stimulus. Previous research revealed that female 
students displayed strong emotional reactions to this film 
(Van Tilburg & Vingerhoets, 2002; Vingerhoets, 2013; p. 
86). We used a shortened (70 min) version containing all 
dramatic scenes (see Vingerhoets, 2013; p. 86). Both films 
were displayed on a 27.6- inch television monitor placed 
approximately 3.30 m away from the participant, with a 
Dolby surround- system.

Crying behaviour during the film OWW
Participants were asked to press a button every time they 
cried while watching OWW. In the instructions, crying 
was defined as anything from just moist eyes to running 
tears and sobbing.

Mood ratings
Eighteen mood indicators were rated on a Likert scale 
varying from 1 (not at all) to 10 (very much). This instru-
ment was previously used and validated in an experimen-
tal study on the effects of crying on psychophysiological 
responses (Hendriks et al.,  2007). Average scores were 
calculated for positive (Cronbach alphas: 0.71 and 0.81) 
and negative mood (Cronbach alphas: 0.78 and 0.89, for 
the first and the second mood measurements of interest 
respectively). The positive mood scale included the mood 
items relaxed, happy, relieved, under control and cheerful. 
The negative mood scale contained the items powerless, 
pitiful, disgusted, sad, astonished, angry, guilty, tense, 
fearful, restless, bad- tempered, touched and nervous.

Pain induction and responses
For the induction and measurement of pain responses, 
we employed the procedure described by Nyklícek 
et al.  (1999). Using a Tursky concentric electrode 
(Tursky, 1974), a constant electric current was delivered 
to the participants' ventral side of the left forearm. We 
only administered the slow automatic intensity- regulation 
from Nyklícek et al.  (1999). Therefore, the current was 
raised automatically linearly from 0 mA to a maximum of 
6 mA in 40 s unless the participant terminated the stim-
ulus earlier. Participants were instructed to indicate, by 
pushing a button, (a) when the stimulus was perceived for 
the first time (sensory threshold); (b) when it was experi-
enced as painful (pain threshold) and (c) when it reached 
the point to be ‘unpleasant to the degree that one wanted 
to terminate the current (pain tolerance), at which point 
the stimulation stopped immediately. We used the aver-
age of three consecutive measurements taken at each time 
point in our analysis.

2.1.3 | Data collection

Pain responses were measured at the following three 
time points: (1) before the neutral film, (2) in between 
the neutral and the emotionally arousing film, and (3) 
immediately after the emotionally arousing film. In ad-
dition, participants reported their mood preceding and 
following each pain- responses measurement. However, 
since we were interested in the effects of the film OWW 
and the accompanying crying behaviour on mood and 
pain, our statistical analyses focused solely on the meas-
urements taken immediately before and after participants 
had watched the film OWW. Since mood was measured 
before and after each pain induction, and since these 
mood measurements occurred closely in time (each pain 
induction lasted 5 min), we analysed only the mood re-
sponses measured after the second and before the third 

https://osf.io/4s63t/?view_only=7a4a7dccf7574c23b76762094f11feea
https://osf.io/4s63t/?view_only=7a4a7dccf7574c23b76762094f11feea
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pain induction (see Figure S1 in the supplementary ma-
terials for the complete timeline of the experimental pro-
cedure of Study 1). Studies 1 and 2 were both parts of a 
larger project with several additional psychophysiological 
recordings not relevant to the current research questions.

2.1.4 | Procedure

Participants signed informed consent when they made 
appointments for their study participation. After having 
welcomed the participants in the laboratory, the experi-
menter explained the general procedure, and then the 
electrodes for recording the psychophysiological vari-
ables were attached. Next, participants were seated in a 
comfortable chair and completed their first mood meas-
ure. Then, the current- delivery apparatus was connected, 
and the participants received instructions about the pain- 
induction procedure and the pain- responses assessment. 
Subsequently, the pain responses were determined for the 
first time, after which the participant completed the mood 
scale for the second time. This was followed by the neu-
tral film, during which the researcher left the room and 
after which he returned to invite the participants to pro-
vide their mood ratings for the third time. The participant 
then underwent the pain induction procedure (T1 pain re-
sponses measurement in our analysis, T1), and completed 
the subsequent mood questionnaire (T1 mood measure-
ment in our analysis). Before their exposure to the emo-
tionally arousing film, the experimenter instructed the 
participants to press a button every time they cried (i.e. 
when they felt their eyes becoming moist) during the film. 
Then, the emotional film (OWW) was started, and the re-
searcher left the room again and returned immediately 
after the film. Subsequently, after being decoupled from 
the apparatus measuring the psychophysiological vari-
ables, the participants rated their mood again (T2) and an-
swered some questions about their reactions to the film. 
Next, the last pain measures were taken (T2), and partici-
pants rated their mood for the last time. The session ended 
with the removal of the shock apparatus and the debrief-
ing of the participants.

2.1.5 | Data analysis

The average of the values of the three measurements 
for each pain parameter served as input for the statisti-
cal analyses. To test our main hypotheses that crying de-
creases pain responses and the secondary hypothesis, that 
crying results in immediate mood deterioration, we per-
formed separate repeated- measures analyses of variance 
(ANOVAs) on the positive and negative mood scores and 

the three pain variables with time (before (T1) and after 
(T2) the film) as a within- subjects factor and group (non- 
crying and crying) as a between- subjects factor. In the case 
of a significant time x group interaction, changes within 
the groups were analysed with a two- way ANOVA for 
each group. Additionally, the variants of both hypotheses 
claiming a possible dose– response relationship between 
crying with mood and pain- responses changes, based on 
the crying frequency data from the button presses, were 
evaluated by computing a series of five Pearson's correla-
tion coefficients (two for mood and three for pain meas-
ures) calculated for the difference between T2 and T1. 
Finally, to test the secondary hypothesis that the effects of 
crying on pain occurred due to the distraction by negative 
emotional reactions, we repeated all the analyses of the 
links between crying and pain responses by controlling for 
mood changes. This implied five and three (when control-
ling for the two mood parameters) dependent variables or 
correlations, and thus probability value was set to 0.01 and 
0.015 respectively.

2.2 | Results and discussion

Twenty- eight (49.1%) of the 57 participants indicated that 
they had cried during the film OWW by pressing the but-
ton at least once. The number of crying episodes ranged 
between one and four times (median = 2).

2.2.1 | Crying, Mood and Pain Responses

Mood
The positive- mood score did not change significantly from 
before (T1) to after (T2) watching the film OWW, and 
there was also no significant time x group interaction (see 
Table 1 for the means, standard errors of mood and pain 
responses, and the effect sizes for the main effects and the 
interaction between time and group). Besides, criers and 
non- criers did not differ in an overall positive mood. In 
contrast, participants did report a higher negative mood 
score after the film OWW than before. However, there 
was no significant difference between non- criers and cri-
ers regarding changes (i.e. no interaction effect) or overall 
negative mood levels. The correlations between the fre-
quency of crying and mood changes were not significant 
(ps 0.42 and 0.48).

Pain responses
Overall, none of the three pain- response measures 
changed from before (T1) to after (T2) watching the film 
OWW (see Table 1). Similarly, criers and non- criers had 
comparable overall pain responses. We also observed 
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no differences between criers and non- criers in sensory 
threshold and pain tolerance changes from before (T1) 
to after (T2) the film OWW. Analyses, however, revealed 
that the changes in the pain threshold of criers and non- 
criers differed (but the interaction effect was marginally 
significant; p  =  0.01). Specifically, and contrary to ex-
pectations, the pain threshold increased in non- crying 
participants, [F(1, 28) = 4.90; p = 0.035; η2

p = 0.15], but 
not in crying participants, [F(1, 27)  =  2.63; p  =  0.120; 
η2

p = 0.09] (see Figure 1). Finally, correlations between 
the frequency of crying and changes in pain responses 
were not significant except for the pain threshold change 
from T1 to T2 (r = −0.40; p < 0.001). Thus, the decrease 
in the pain threshold was greater (or the increase was 
smaller) in those who cried more, which is in line with 

the interaction described above. When controlling for 
the mood changes, the results of ANOVAs and correla-
tions between crying frequency and pain responses re-
mained the same.

The findings of Study 1 failed to support our hypothe-
sis about the pain- reducing effects of crying. The only sig-
nificant effect ran contrary to our expectation: non- crying 
rather than crying participants showed a significant 
change in one out of three pain measures, specifically, 
an increase in the pain threshold. The dose– response re-
lationship followed a similar pattern. Notably, the imme-
diate pain threshold decrease observed in criers and its 
relation with crying frequency was independent of mood 
changes. Correspondingly, the emotionally distressing 
film affected criers and non- criers equally: both experi-
enced an increase in a negative mood. This partly corrobo-
rates previous laboratory findings (Cornelius, 1997, 2001; 
Gračanin et al., 2015), and it also demonstrates that mood 
deterioration did not represent (or reflect) a distraction 
that alleviates pain. On the contrary, crying seems to de-
crease an individual's pain threshold, at least over a short 
run, and this seems to be unrelated to mood changes that 
follow tears.

Since we were interested in the emotional effects 
of film as potential mechanisms through which crying 
might affect pain, it is essential to consider that different 
pain induction procedures might affect participants' emo-
tional states differently. Participants may perceive electri-
cal pain stimulation used in Study 1 as more threatening 
than the cold pressor task (CPT), which is more similar 
to the more familiar experience of putting one's hands in 
cold water (Birnie et al., 2014). This difference in threat- 
perception, in its turn, could have created a different 
pattern of expectancy- related negative emotion (Staub & 

T A B L E  1  Means (±SEM) of positive and negative mood and three pain indices before and after watching the emotional film, in groups 
of non- criers and criers in study 1, with the corresponding effects sizes; P2 and M4 as pre- film baseline measures and P3 and M5 as post- film 
measures of pain and mood responses respectively

Measure Group
Before the 
film(M4 & P2)

After the 
film(M5 & P3)

Time Group Interaction

F η2
p F η2

p F η2
p

Positive mood Non- criers 5.40 (0.28) 5.27 (0.30) 3.2 0.06 1.23 0.02 1.08 0.02

Criers 5.16 (0.29) 4.67 (0.30)

Negative mood Non- criers 2.10 (0.19) 3.75 (0.25) 241*** 0.81 3.71 0.06 0.92 0.02

Criers 2.56 (0.19) 4.43 (0.26)

Sensory 
threshold

Non- criers 0.57 (0.05) 0.59 (0.05) 0.73 0.01 0.47 0.01 3.82 0.06

Criers 0.65 (0.05) 0.60 (0.05)

Pain threshold Non- criers 1.55 (0.17) 1.72 (0.17) 0.47 0.00 0.55 0.01 7.18** 0.12

Criers 1.88 (0.18) 1.74 (0.17)

Pain tolerance Non- criers 2.80 (0.26) 2.78 (0.24) 0.00 0.00 0.23 0.00 0.06 0.00

Criers 2.95 (0.27) 2.97 (0.25)

**p < 0.01; ***p < 0.001.

F I G U R E  1  Mean values of pain threshold in non- criers and 
criers before (P2) and after (P3) the (potentially crying- inducing) 
film OWW in study 1. Error bars represent 95% confidence 
intervals.
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Kellett, 1972), possibly modulating the effects of crying on 
pain.

A further major limitation of the present study was 
that criers and non- criers in the current quasi- experiment 
might have differed in certain stable features (such as 
personality). For example neurotic individuals cry more 
easily (Peter et al., 2001), and different levels of this trait 
may also affect the consequences of (non)crying in differ-
ent ways, thus making it harder to detect any systematic 
effects of tears on changes in mood and pain responses. 
Relatedly, Study 1, like all previous laboratory studies on 
the intra- individual effects of crying (see Cornelius, 1997, 
2001, for an overview), understandably applied a quasi- 
experimental design, which did not allow for optimal 
control of the individual differences. We tried to deal with 
this issue in Study 2 by adding a follow- up to the quasi- 
experimental study.

Another shortcoming of Study 1 was that we relied 
on the participants' button presses (in essence, also a 
kind of self- report) to determine when they had cried 
and how frequent their crying was. This failure to apply 
an objective assessment of the crying behaviour may 
compromise the validity of the results. Relatedly, this 
additional cognitive task to monitor one's own (crying) 
behaviour could have influenced both the occurrence of 
crying and its potential effects. Finally, the mood and 
pain evaluations were limited to immediately after the 
film, while Gračanin et al.  (2015) found that the ben-
eficial mood effects of crying might need some time to 
develop. Similarly, Weisenberg et al.  (1998) observed 
the effects of a humorous film on increases in pain tol-
erance first with a delay of 30  min after the exposure 
to funny material. Therefore, the impact of crying on 
pain responses could perhaps follow a similar pattern. 
Importantly, prolonged, rather than immediate effects 
of crying could indicate the involvement of a neuro-
biological mechanism rather than mere distraction 
(Weisenberg et al., 1998).

3  |  STUDY 2

In Study 2, we again tried to establish if crying might ben-
efit pain responses. However, this time we tried to resolve 
some of the above- mentioned main shortcomings of Study 
1. First, we used a different pain- inducing procedure (CPT 
instead of electrical stimulation). In addition to its ad-
vantages mentioned above, it is also noteworthy that the 
CPT is a widely used pain induction technique (Birnie 
et al., 2014) that was also used in previous experiments on 
the prolonged effects of emotional content on pain, com-
parable to ours (Weisenberg et al., 1998). Crucially, in con-
trast to the electrical pain stimulation procedure employed 

in Study 1, which can be regarded as phasic, CPT is closer 
to tonic pain stimulation, which can be more sensitive to 
prolonged mood improvements and related physiological 
changes (see, e.g. Zelman et al., 1991). This time, we did 
not limit the measurements to immediately before and 
after the film, but we also included more distant meas-
urements at 20 and 50 min. After the emotion elicitation, 
when we expected the first beneficial effects of crying on 
pain and mood to appear (rather than immediately after 
the film). Next, to determine if a participant cried, instead 
of relying on self- reports (i.e. button presses), we recorded 
participants' facial expressions, which were coded by two 
trained observers. In addition to creating a more natural 
situation in which the participants did not have to moni-
tor their crying, this was especially important for having a 
reliable estimation of the crying frequency.

Finally, and most importantly, in Study 2, we also ad-
dressed the critical limitation of quasi- experimental de-
signs by conducting an additional follow- up study. Several 
months after their first participation, we invited only the 
participants who had cried during the main study and ex-
posed them to a similar procedure. The crucial difference 
was that the stimulus was now a neutral rather than an 
emotional film. By inviting crying participants only, we 
could compare the mood and pain responses during ex-
posure to a comparable experimental situation with a dif-
ferent, neutral stimulus in a subgroup of participants who 
generally seem prone to cry. This allowed us to, at least 
partly, eliminate the possibility that potential differences 
in the mood and pain responses between crying and non- 
crying participants in the main study could be attributed 
to some stable individual differences rather than to the ef-
fects of crying.

In sum, Study 2 attempts to replicate the finding from 
Study 1, specifically, the absence of the beneficial effects 
of crying on mood and pain indices immediately after a 
crying episode, implying that distraction is not a likely 
mechanism responsible for the potential links between 
crying and pain responses. We also evaluated the hypothe-
sis that beneficial mood and pain response effects of tears 
may appear only later, rather than immediately following 
an emotional film, which would replicate the more re-
cent findings on the effects of crying on mood (Gračanin 
et al., 2015) and also lend support to the neurobiological 
explanation of the links between crying and responses to 
acute pain. We anticipated that criers, compared to non- 
criers, would show increases in pain tolerance and de-
creases in pain threshold, subjective pain intensity, and 
negative mood later in time, especially when their pain or 
mood reactions to a comparable but neutral stimulus were 
taken into account. We further hypothesized that changes 
in pain responses are independent of mood changes imme-
diately after the emotional and potentially crying eliciting 
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event. We finally anticipated the long- term effects of cry-
ing on pain to be accompanied by mood improvements.

3.1 | Methods

3.1.1 | Participants

The initial sample consisted of 89 female students (age 
range 18– 26; M = 20.06; SD = 1.94) who received course 
credits for participation. In some cases, participants were 
excluded from the analyses due to equipment failure, con-
stantly having wet eyes, not following the procedure, or 
because the CPT water temperature varied outside the 4 
+/− 1.5°C limit (see below & the supplementary materi-
als). Thus, the final sample consisted of 70 participants 
with numbers ranging from 66 participants for pain per-
ception analysis to 68 participants for mood dynamics 
analysis. All 49 spontaneously crying participants were 
invited to participate in the follow- up, and 21 of them 
agreed to take part (note that non- returning also depended 
on whether a participant finished their university studies 
and moved to another city and/or stopped using the initial 
e-mail address). Having full data in both the main and the 
follow- up study allowed us to also take into account the 
follow- up study responses. This was the case in 17 (one 
of the pain threshold measurements was missing) to 19 
(missing pain intensity measurements) participants.

3.1.2 | Materials and measurements

Crying eliciting and neutral stimuli
We used an edited version of the film ‘Hachi: A Dog's Tale’ 
(Hallström, 2009; 44′ 33″ long) as the crying eliciting stim-
ulus. This edited version included all the most dramatic 
scenes that had the potential to trigger crying (see supple-
mentary materials). The film depicts the dramatic story of 
a dog who waited endlessly at a railway station for his de-
ceased owner to return. Earlier, this film elicited crying in 
57% of a mixed- gender sample (Gračanin et al., 2015). The 
film was presented on a 19- inch monitor with two speak-
ers, placed approximately 60 cm before the participant, 
with sound presented via headphones.

Mood assessment
Mood was assessed by the following 18 items from 
Gračanin et al.  (2015) study, in which delayed effects of 
crying on mood were observed: nervous, bad- tempered, 
anxious, weepy, tense, guilty, helpless, sad, angry, miser-
able, rejected, fearful, cheerful, generous, relaxed, calm, 
active and merry. For the sake of simplicity of the analysis 
(due to multiple measurements), and to make our study 

comparable to Gračanin et al. (2015), we created a mood 
composite (with the last six items reversed) representing 
a measure of negative mood. Responses were given on a 
five- point Likert scale ranging from 1 (I do not feel this 
way at all) to 5 (I feel this way completely). The average 
negative mood score showed adequate internal consist-
ency, with Cronbach alphas over the four measurements 
ranging from 0.82 (time 4) to 0.87 (time 2).

Detection of crying episodes
During the film presentation, an unobtrusive side light 
source pointed at the participant's face made changes in 
the moistening of the eyes better visible. Video recordings 
of the participants' eyes were analysed by two trained cod-
ers who first independently rated the presence of partici-
pants' eye moistening during the film presentation. Their 
task was to establish how often and when precisely, the 
participants' eyes started filling with tears. After the initial 
ratings, with a high agreement between the two coders for 
both the crying frequency, [ICC(2,2) = 0.923; 95% CI 0.88– 
0.95], and the overall presence of tears, [ICC(2,2) = 0.886; 
95% CI 0.83– 0.92], the coders together analysed all the 
scenes and agreed about the (non)presence of crying dur-
ing each initially determined crying episode.

Pain induction and responses
We applied a standard CPT procedure to induce pain (e.g. 
Edens & Gil, 1995). Participants were seated in a comfort-
able chair next to a bucket containing circulating water 
(von Baeyer et al.,  2005) with a constant 4 (+/− 1.5)oC 
temperature and were invited to put their dominant hand 
into the water with their first closed, without moving. 
Next, they were instructed (a) to raise their non- dominant 
hand index finger when they experience pain (pain thresh-
old) and (b) to take their hand out of the water when they 
could not stand the pain (pain tolerance). If the participant 
reached the maximum of 3 min, the experimenter stopped 
the test. Subjective pain intensity was assessed by asking 
participants to indicate the level of experienced pain on 
a visual analog scale (VAS) immediately after taking the 
hand out of the water.

3.1.3 | Procedure

While in the waiting room, participants first signed the 
informed consent and subsequently completed the first 
mood questionnaire (T1). After entering the laboratory, 
electrodes were attached to measure psychophysiologi-
cal responses, and a brief explanation about the measure-
ment equipment was provided. After the participants had 
received instructions about the experiment, the first CPT 
(T1) started. Next, participants were seated in a comfortable 
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chair in front of the monitor and video camera, followed by 
the presentation of the film. After the film, the researcher 
re- entered the room, and the participant underwent the 
second mood measurement (T2) and CPT (T2). Next, the 
electrodes for the psychophysiological measurement were 
uncoupled, and the participant underwent a simple cogni-
tive task unrelated to the study. Twenty minutes following 
the second mood measurement, participants reported their 
mood again (T3), followed by a CPT (T3). Subsequently, 
the participants completed a set of questionnaires, of which 
the first part represented systematic data collection not in 
the scope of the current study, while the last questionnaire 
was intended as a filler task. Participants were instructed to 
wait for the experimenter and relax if they completed the 
questionnaires within the available time. Most participants 
finished this task 1– 3 min before the next task. If a partici-
pant was still filling in the last questionnaire after 25 min, 
they were interrupted by the experimenter saying, ‘please 
stop; the questionnaire that was left unfinished is not impor-
tant’, and they received the fourth mood questionnaire (T4; 
30 min following T3), and CPT (T4), followed by a debrief-
ing. The mood (and pain responses) measurement timeline 
is comparable to the only earlier study with multiple mood 
assessments following crying (Gračanin et al., 2015) except 
that, in the current study, the period between T3 and T4 was 
40 min shorter. The timeline of the experiment is presented 
in Figure S2 in supplementary materials.

3.1.4 | Follow- up study

Only those participants who had cried during the main study 
were invited to the follow- up study between 3 and 7 months 
after their first participation (median 5 months). The fol-
low- up consisted of the same experimental procedure. The 
main difference was the exposure to a neutral instead of an 
emotional film of comparable length. This concerned the 
scientific documentary ‘Natural World: Canine Conspiracy’ 
(Flowers et al., 2002), which explains the evolution of dog 
behaviour. The nature of the filler task (completing a dif-
ferent set of personality questionnaires not relevant for the 
present research question) between the movie and the more 
delayed measurements was also very similar. Participants 
were treated in the same way as in the main study, though, 
this time, they received the invitation via e-mail rather than 
via the university participant- pool system.

3.1.5 | Data analysis

To evaluate the differences in changes in negative mood 
(secondary hypothesis) and in the three pain parame-
ters (primary hypothesis) across the four measurements 

between criers and no- criers, four 4 × 2 mixed ANOVAs 
(one for mood and one for each of the three pain indi-
ces) were performed with time as a within- subjects factor 
(measurements at T1, T2, T3 and T4) and group (non- 
crying and crying) as a between- subjects factor (probabil-
ity value set to 0.0125). Greenhouse– Geisser corrections 
were employed to correct for violations of the spheric-
ity assumption. When a significant main effect of time 
was observed, changes between specific measurements 
were additionally analysed by conducting five one- way 
ANOVAs (one for each pair of time points of interest: T1 
–  T2, T1 –  T3, T1 –  T4, T2 –  T3 and T2 –  T4; probability 
value set to 0.01). Possible dose– response relationships of 
crying with mood (a variant of the secondary hypothesis) 
and pain- response (a variant of the primary hypothesis) 
changes were evaluated by computing a series of Pearson's 
correlation coefficients, with four of them computed (one 
for mood and each of the three pain measures) for the dif-
ference within each of the five pairs of time points listed 
above (probability value set to 0.0025). Finally, to test the 
secondary hypothesis that the effects of crying on pain 
occurred due to the distraction by negative emotional re-
actions (changes from T1 to T2) or due to the change in 
the levels of relevant neurochemical substances, as poten-
tially evident from mood improvements (changes T1 –  T3, 
T1 –  T4, T2 –  T3 and T2 –  T4), we repeated all the analyses 
while controlling for mood changes.

The analyses based on the follow- up data included 
a repetition of the above- presented dose– response rela-
tionship computations in participants who cried during 
the main study, this time with statistically controlling 
for the mood changes (a variant of the secondary hy-
pothesis) and pain responses (a variant of the primary 
hypothesis) within comparable periods during the fol-
low- up (i.e. during the non- crying situation). Next, to 
eliminate the possibility that mood (secondary hypothe-
sis) and pain (primary hypothesis) responses of criers in 
the main study reflected specific features of these indi-
viduals rather than the crying itself, we compared their 
mood and pain- response changes during the emotional 
film with the pattern of changes during the neutral film. 
Thus, the effects of emotional (tears present) and non- 
emotional (tears not present) films on mood and pain 
responses in participants who had cried during the main 
study were compared by four (mood and three pain in-
dices) 4 x 2 repeated measures ANOVAs with time (T1 
to T4) and film (emotional/crying -  non- emotional/non- 
crying) as the independent variables. When a significant 
time by film interaction was observed, changes between 
specific measurements within each of the two condi-
tions were analysed by conducting a separate one- way 
ANOVA for each film and/or, if appropriate, five one- 
way ANOVAs (one for each out of 5 pairs of time points 
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of interest as the above; probability value set to 0.01). 
Again, all the analyses were repeated by controlling for 
the mood changes.

3.2 | Results and discussion

The video analysis revealed that 49 (70%) of the 70 partici-
pants had cried at least once while watching the film. The 
number of observed crying episodes during the film varied 
between 1 and 6 times (median = 2).

3.2.1 | Mood Dynamics

We found a significant main effect of time on mood [F(3, 
169) = 40.41; p < 0.001; η2

p = 0.38]. However, no main ef-
fect of the group [F(1, 66) = 0.20; p = 0.652; η2

p = 0.00] 
and also no time x group interaction [F(3, 169)  =  1.25; 
p = 0.291; η2

p = 0.02] was observed. When the main ef-
fect of time was decomposed (see Table 2), negative mood 
increased from T1 to T2 (p < 0.001) and decreased from T2 
to T3 and from T2 to T4 (p < 0.001). Regarding a possible 
dose– response relationship between crying and mood, no 
significant correlations between the frequency of crying 
and the mood changes were observed (ps from 0.38 to 1). 
Similarly, when we took changes in negative mood during 
comparable periods in the follow- up study into account, 
none of the correlations reached significance (ps from 0.21 
to 0.93).

3.2.2 | Pain Responses

There was no significant effect of either crying or the 
crying and time interaction on any pain measures. 
However, two out of the three pain measures changed 
significantly across T1 to T4 (Table  2). Pain tolerance 
decreased, and subjective pain intensity increased from 
T1 to T2 (p < 0.001) (Figure 2a and b). Regarding a possi-
ble dose– response relationship, 14 of 15 correlations be-
tween the frequency of crying and changes in three pain 
response indices were not significant (ps from 0.05 to 
0.97; when controlling for the values in the Follow- up: 
p's from 0.04 to 0.93). The only significant, negative, cor-
relation between crying frequency and increases in pain 
responses was observed for the change in pain thresh-
old from T2 to T4 when we controlled for the values 
obtained in the follow- up: r = −0.73; p = 0.002 (with-
out controlling for the follow- up: r = −0.23; p = 0.065), 
implying that the more often the participants cried dur-
ing the film, the more their pain threshold decreased 
from T2 to T4. Finally, when controlling for the mood T
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changes, the results remained the same, except that now 
the correlation between crying frequency and change 
(increase) in pain tolerance from T1 to T4 correlated 
positively when we took into account the follow- up 
values: r = 0.68; p = 0.002 (without controlling for the 
follow- up: r  =  0.22; p  =  0.084). However, the change 
in the strength of the correlation was minor compared 
to the marginally significant correlation obtained when 
mood was not controlled for (r = 0.64; p = 0.003). When 
all other analyses involving pain responses were re-
peated while controlling for mood changes, the results 
remained comparable.

3.2.3 | Interaction between film type (Main 
study / Follow- up) and time

The two- way interaction between film (emotional, cry-
ing/non- emotional, non- crying) and time (T1 to T4) 
was significant for mood [F(3, 14)  =  13.35; p < 0.001; 
η2

p  =  0.74]. This interaction was based solely on the 
large increase in negative mood after the emotional, 
crying film (Main study), from T1 to T2, and the quick 
return to baseline levels from T2 to T3 (p < 0.001), 
while, as expected, no changes between measurements 
were observed during the non- crying (Follow- up) film 

F I G U R E  2  Mean values of pain 
tolerance (2a) and pain intensity (2b) 
in non- criers and criers across four 
measurements in study 2. Error bars 
represent 95% confidence intervals. P 
values pertain to the significance of the 
main effect of time and the effects from 
post hoc ANOVAs that compared values 
at different time points across the groups 
(non- criers/criers).
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(p = 0.58). Therefore, when changes in mood during the 
follow- up were considered, tears did not result in mood 
improvements over the longer run (i.e. the mood of cry-
ing participants was not significantly less negative at T3 
or T4 than at T1). The interactions between film and time 
on pain threshold [F(3,12) = 1.08; p = 0.39; η2

p = 0.21], 
tolerance [F(2, 35) = 2.21; p = 0.12; η2

p = 0.12] and in-
tensity [F(3, 15) = 1.38; p = 0.29; η2

p = 0.22] were not 
significant. Controlling for mood changes yielded simi-
lar results.

Study 2 disconfirmed our hypothesis about differ-
ent patterns of mood changes in criers and non- criers. 
Instead, the film presentation produced a consistent, 
strong increase in negative mood followed by a substantial 
return to the baseline in both criers and non- criers, which 
partly corresponds to earlier research findings (Gračanin 
et al., 2015).

Much like most of the results of Study 1, no effects 
of crying or no- crying on pain indices were observed. 
However, in the current study, there was a general in-
crease in two out of three pain responses (decreased tol-
erance and increased subjective intensity) across the four 
measurements, irrespective of the crying. Similarly, the 
overall pattern of dose– response links largely disconfirms 
the hypothesis about a negative relationship between cry-
ing frequency and pain responses, which is in line with 
the other results of Study 2. An exception is the pain 
threshold, where the findings partly correspond to the 
unexpected effect of crying on pain threshold observed 
in Study 1. However, dose– response analysis provided a 
weak hint that the crying frequency might be positively re-
lated to pain tolerance over the longer run, irrespective of 
mood changes. Finally, the interaction between the type 
of the film (emotional/crying in the main study— non- 
emotional/non- crying in follow- up) and time (measure-
ments 1– 4) corroborated these quasi- experimental results.

4  |  GENERAL DISCUSSION

The present two studies' main objective was to explore the 
effects of crying on acute pain. We expected that crying or 
associated mood deterioration might act as a distraction, 
which alleviates the pain immediately following a cry-
ing episode. Alternatively, if crying would stimulate the 
release of pain- reducing substances like oxytocin and/or 
endogenous opioids, it would predominantly reduce the 
pain responses over more extended time periods. This ef-
fect would more likely be connected with mood improve-
ments than with mood deterioration.

As in previous laboratory studies (see Cornelius, 1997, 
2001 for a review), the present findings revealed that par-
ticipants who cried during emotionally arousing films 

felt worse after than before the film, as did participants 
who did not cry. Note that in some previous studies (e.g. 
Gračanin et al., 2015; Martin & Labott, 1991), participants 
who cried felt even worse than non- criers immediately 
after the emotional film, which was not the case in either 
of the current two quasi- experiments. Concerning the in-
fluence of crying on the pain measures, which included 
the sensory threshold (only in Study 1), the pain threshold 
(both studies), tolerance (both studies) and subjective pain 
intensity (only in Study 2), crying induced by a sad film 
failed to exert positive effects. This is comparable to the 
only previous study that assessed pain tolerance following 
crying (Sharman et al., 2020), although, as stated above, 
that study did not focus on changes but on the absolute 
level of pain tolerance, which precluded a more straight-
forward interpretation of findings. Using an additional, 
alternative pain- inducing method (electrical stimulation) 
and longer crying eliciting films (70 and 44 as compared 
to 17 min in that previous study), that allowed us to evoke 
more crying episodes, we still did not observe any pain- 
alleviating effects of crying. In study 1, the pain thresh-
old instead increased for the participants who did not cry 
during the film. Furthermore, perhaps the observed de-
creases in pain tolerance and increases in pain intensity 
in both crying and non- crying participants in Study 2 re-
sulted from the exposure to a highly emotionally arous-
ing film. Unfortunately, these findings reveal little about 
the specific role of crying. However, they certainly speak 
against the possibility that emotional distraction plays a 
beneficial role. Finally, contrary to expectations, we ob-
served negative correlations between the frequency of 
crying and increases in pain threshold (both studies), cor-
responding to the increased pain threshold in non- criers 
mentioned above.

To summarize, the present data failed to reveal any 
beneficial effects of crying behaviour on subsequent mood 
and pain responses. They even suggest that opposite ef-
fects are more likely, at least regarding pain threshold. 
Notably, the observed effects were relatively inconsistent 
and small, showing a pattern in which both crying and 
non- crying participants felt worse and experienced more 
pain after the emotional film. In several cases, these ef-
fects were even more pronounced in participants who 
cried. The most parsimonious explanation of the latter 
effect is that the negative emotional effects of films were 
stronger in criers. The idea that negative emotions evoked 
by films subsequently co- determine pain sensitivity is in 
line with the results of previous studies showing that the 
experimental induction of positive emotional states in-
creased and negative emotional states decreased pain tol-
erance (Willoughby et al., 2002; Zelman et al., 1991). The 
latter effect can probably be best explained by the fact that 
negative mood states facilitate a more negative evaluation 
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of the events, including painful stimuli (Fields,  1991; 
Willoughby et al.,  2002). However, this explanation can 
be ruled out in the current two studies because, when 
we repeated the analyses while controlling for the mood 
changes, the effects remained unchanged.

It is important to stress that both studies were similar 
to previous laboratory research on crying in that they nec-
essarily applied a quasi- experimental design. Specifically, 
participants were ‘assigned’ to the two groups based on 
their responses to the films, making it impossible to rule 
out the possibility that criers differed from the non- criers 
in specific personality characteristics (Peter et al.,  2001; 
Vingerhoets, 2013) or states related to changes in crying, 
mood and pain responses after the exposure to emotional 
stimuli (Vingerhoets, 2013). Despite some attempts to solve 
this methodological issue (Kraemer & Hastrup, 1988), the 
current quasi- experimental design seems the best option 
to explore the effects of tears on mood and pain responses. 
However, this methodology cannot yield conclusive re-
sults due to its inherent limitations. More specifically, 
an ideal, really experimental design is not possible since 
crying is a spontaneous reaction to specific stimulation, 
which cannot be manipulated with instructions that do 
not interfere with that particular stimulation (e.g. instruc-
tion to suppress an urge to cry). Comparing the effects of 
crying and non- crying episodes in individuals who were 
initially observed to be prone to crying in a laboratory, as 
we did by conducting our follow- up in Study 2, is, admit-
tedly, just a part of the solution because this approach fails 
to eliminate the fact that the conditions differed not only 
in crying but also in mood levels.

While the absence of mood improvement immedi-
ately after a crying episode in both studies corroborates 
earlier laboratory findings, its lack over the long run in 
Study 2 contrasts with the only comparable earlier study 
(Gračanin et al., 2015). Importantly, in the current study, 
the final (i.e. the 4th) mood measurement occurred 40 min 
earlier than in the latter study, potentially precluding the 
possibility to observe negative mood decreases. Perhaps 
we failed to find any effects of crying on pain responses 
because the crying participants also did not show more 
long- term mood improvements. In other words, we can-
not exclude that participants would have displayed the 
expected mood improvement over the longer run, accom-
panied with corresponding changes in pain responses, 
possibly due to changes in oxytocin and opioid levels 
(Burgdorf et al.,  2016; Grewen & Light, 2011; Heinrichs 
et al.,  2003; Meier et al.,  2016). Finally, the detrimental 
effects of crying on mood immediately after a crying ep-
isode could theoretically have alleviated pain via distrac-
tion, which we did not observe. Interestingly, as in the 
current study, Sharman et al.,  2020) assessed negative 
mood changes from before to after the emotional films 

(in contrast to the pain tolerance that they only evaluated 
after the films), and they also failed to find a difference 
between criers and non- criers. Possibly, the lack of dif-
ference between the two groups in pain responses in that 
earlier and in the current studies was simply due to the 
absence of difference in distraction (criers and non- criers 
had comparable mood responses, so they were equally dis-
tracted). Nevertheless, this fails to support the notion of 
distraction- driven effects of crying (or related emotion) on 
pain responses. Overall, the present findings challenge the 
more general hypothesis about beneficial intra- individual 
effects of crying. An interesting remaining question is 
whether the individual differences in the beneficial ef-
fects of crying on mood (see Rottenberg et al., 2008) are 
also related to variations in pain responses. Future stud-
ies dealing with that question could focus on pre- selected 
crying- prone participants to gain sufficient variability in 
mood and pain responses following crying.

The current hypothesis about the effects of crying on 
pain responses was inspired by the presumed parallel with 
other emotional expressions such as swearing (Stephens 
& Umland,  2011) and laughter (Dunbar et al.,  2012), 
which both seem to modulate pain responses. It was also 
based on more specific putative mechanisms related to 
either the release of endogenous opioids and oxytocin or 
emotional distraction. Because laughter seems to increase 
both pain threshold (Dunbar et al., 2012) and opioid lev-
els (Manninen et al., 2017), and it was also speculated to 
stimulate oxytocin release (Panksepp & Burgdorf, 2003), 
we expected that similar biochemical reactions might fol-
low crying as well. The current findings are not in line 
with such a claim since crying in both studies did not in-
fluence pain responses as a proxy for the release of opioids 
and oxytocin. Similarly, crying did not alleviate pain via 
distraction, at least not through mood deterioration that 
might immediately follow it. However, it is essential to 
note that experimentally induced crying is often modest 
in intensity and devoid of some of its distinct components, 
such as sobbing— which might have a crucial role in its 
mood and pain effects. This might be especially import-
ant when in pain, as specific breath- holding patterns may 
impact pain perception (Jafari et al., 2016). Whether the 
convulsive inhaling and exhaling (which also involves 
breath- holding) typical of sobbing could produce similar 
pain- alleviation effects remains an interesting and chal-
lenging research question (see Gračanin et al., 2014).

A significant shortcoming of both studies was that 
our participant samples consisted exclusively of female 
students. Research has consistently shown that women 
cry more often, more intensely, and longer than men 
(Vingerhoets & Scheirs, 2000). Relatedly, it cannot be ex-
cluded that female crying may be functionally different from 
male crying and may involve quite different psychological 
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and physiological processes (Martin et al.,  1993). That 
would imply that crying may have differential effects on 
the criers depending on their sex. Furthermore, previous 
research has revealed sex differences in pain perception 
(e.g. Nyklícek et al., 1999). Therefore, without further in-
vestigation in a male sample and with a broader age range, 
we cannot assert that crying or a general high tendency to 
express distress through tears do not positively affect both 
male and female mood and pain. Next, various individual 
differences variables, including the crier's mental condi-
tion (Rottenberg et al.,  2008), were previously related to 
the psychological consequences of emotional crying. In 
addition, people more likely report mood improvement 
after crying over a controllable situation and when observ-
ers provide emotional support and comfort (Rottenberg 
et al., 2008). The induction of crying in a laboratory typi-
cally does not include these features.

Future studies should also consider the possibility that 
crying might affect chronic and acute pain differently. 
Another crucial issue to tackle concerns the fact that the 
exposure to pain in our study occurred only after crying, 
when potentially beneficial distraction effects of crying 
could act only indirectly via negative mood. Relatedly, 
crying because of pain itself might have different effects 
on pain perception than crying for other reasons. Thus, fu-
ture studies could focus on the effects of pain- induced and 
no- pain- induced crying during pain exposure. Finally, our 
sample sizes only allowed us to test for medium to large 
effects of crying on pain. New studies that would test for 
smaller effects should certainly have a larger number of 
participants. Relatedly, while the current research failed 
to observe statistically significant effects of crying on pain 
responses, it is impossible to conclude that there are no 
such effects at all. Perhaps, a better insight into the role of 
crying could be gained by testing the a- priori hypothesis 
about the non- existence of the effects of crying on pain, 
which could include equivalence testing based on the 
Bayesian approach and which could use the current find-
ings as a starting position (see e.g. Harms & Lakens, 2018).

In sum, our findings failed to support the hypothesis 
that crying promotes psychological homeostasis via its 
effects on mood and pain responses. This finding thus 
once more seems to emphasize that the primary function 
of crying most likely can be found in the inter- individual 
domain (see Vingerhoets, 2013), more precisely, on how 
it communicates a need for assistance and solicits certain 
support- providing behaviours in others.
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