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In humans and other mammals, defensive responses to danger vary with
threat imminence, but it is unknown how those responses affect decisions
to help conspecifics. Here, we manipulated threat imminence to investigate
the impact of different defensive states on human helping behaviour.
Ninety-eight healthy adult participants made trial-by-trial decisions about
whether to help a co-participant avoid an aversive shock, at the risk of
receiving a shock themselves. Helping decisions were prompted under
imminent or distal threat, based on temporal distance to the moment of
shock administration to the co-participant. Results showed that, regardless
of how likely participants were to also receive a shock, they helped the
co-participant more under imminent than distal threat. Reaction times and
cardiac changes during the task supported the efficacy of the threat immi-
nence manipulation in eliciting dissociable defensive states, with faster
responses and increased heart rate during imminent compared to distal
threats. Individual differences in empathic concern were specifically corre-
lated with helping during imminent threats. These results suggest that
defensive states driving active escape from immediate danger may also
facilitate decisions to help others, potentially by engaging neurocognitive
systems implicated in caregiving across mammals.

1. Introduction

In situations that threaten our health or life, the motivation to protect ourselves
may conflict with that to protect others (for example, the desire to avoid injury
or death may keep us from jumping on the train tracks to save someone who
fell in). Decisions to help others in such situations differ from more common
forms of everyday helping, in that they require the integration of two highly
salient cues—the danger to ourselves, and the distress of someone in need.
In humans, investigation of the neurocognitive bases of helping has mainly
focused on the latter (i.e. on how empathy for others’ distress triggers motiv-
ation to help) [1,2]. However, the role of concurrent defensive responses to
danger has been overlooked. Especially, it is unknown how situational aspects
like imminence of danger impact subsequent decisions to help (in the example
above, whether the train is fast approaching or still far away).

Despite their risk, decisions to help others under threat are observed in
humans [3,4], and other primates [5]. A dominant view in psychology is that
empathy is the key proximate mechanism driving these decisions, as the embo-
died representation of another individual’s distress triggers situation-specific
behaviours to alleviate it [2,6]. In a broader evolutionary framework, the capacity
to resonate with others’ emotions is argued to have evolved from the mother—
offspring bond, and reflects the functioning of a mammalian offspring care
system [7]. This system allows for cues of vulnerability and distress to be quickly
recognized, and to trigger caregiving behaviours that can sometimes generalize
towards non-kin [7,8]. In support of the empathy—care-altruism link, it has been
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demonstrated that individuals higher on empathic concern, a
component of empathy thought to reflect feelings of care and
compassion [1,9], are more likely to give up money [10] or
take painful electric shocks to reduce the pain of others (particu-
larly ingroup members [11]). Moreover, greater overlap in
neural activation between experienced and observed distress
has been linked with reallife extraordinary altruistic
behaviours, like non-directed organ donations [12,13].

With few exceptions [11,14], the majority of experimental
studies on human altruism have assessed actions that benefit
others at a variable cost, usually monetary [10,15-17], but
in the absence of immediate physical risk. Some studies
have investigated altruism in risky contexts specifically, but
measured decisions to help avatars in virtual reality environ-
ments, rather than real conspecifics under real threat [18].
It has been argued that there are not only obvious ethical and
practical challenges in recreating real-life dangerous situations
in the laboratory, but the neurocognitive processes involved in
less risky altruistic actions are likely to be the same; thus, the
experimental study of those lower risk actions may inform
about the processes implicated in more extreme forms of altru-
ism [8]. Nevertheless, the absence of immediate physical risk in
experimental studies may obscure the contribution of psycho-
logical processes other than empathy on helping under threat,
most notably that of defensive processes.

Previous research on stress has suggested that defensive
states can impact prosocial decisions [19]. Evidence of a facili-
tating effect of stress on prosociality has been obtained in
studies that induced stress through paradigms like the Trier
Social Stress Test, and measured subsequent increase in proso-
cial behaviour in economic exchange games [20-23] and
hypothetical moral decisions [24]. The extent to which stress
drives prosocial versus antisocial outcomes has also been
associated with individual differences in, for instance, physio-
logical responses to the stressor [25] and ability to empathize
with the other [26]. Despite these previous indications that
defensive responses to acute stress may influence prosocial
action, the potential mechanisms behind those effects are
unclear. Also, induced stress paradigms are not entirely com-
parable to real-life threatening scenarios wherein there is
immediate physical risk associated with helping.

It has been proposed that, in humans and other mam-
mals, defensive responses triggered by potentially harmful
events are part of a defence continuum, whereby graded be-
havioural, physiological and neural responses are produced
as a function of threat imminence. Distal or unpredictable
threats trigger risk assessment that allows for slower, flexible
and more strategic escape decisions; as threat imminence
increases, more fixed and species-specific behaviours are acti-
vated, such as freezing or, when immediate avoidance is
necessary, fight-or-flight [27-30]. In recent years, neural corre-
lates of these defensive states have been described in humans.
Functional imaging studies have shown that distal, retreating
or slow-moving threats preferentially engage so-called cogni-
tive fear circuits, which include the ventromedial prefrontal
cortex, posterior cingulate, basolateral amygdala and hippo-
campus [31-33]. Proximal, looming or fast-moving threats
instead engage a ‘reactive fear’ network, including the central
amygdala, periaqueductal grey, middle cingulate cortex,
hypothalamus and anterior insula, which coordinates faster
and more reflexive escape decisions [31-34]. The flow of
information between these neural circuits enables adaptive
switches between different defensive states as a function of

dynamic threat properties like spatial proximity, direction [ 2 |

or speed of movement [35], which ultimately inform the
animal about the imminence of danger.

Although previous research has characterized how differ-
ent defensive states impact individual escape decisions [33], it
remains unknown how those states affect decisions towards
others in threatening situations, namely whether to help
them or not. In this pre-registered study (https://osf.io/
fxmns), we tried to answer this outstanding question using
threat imminence as a tool to induce different defensive
states. To do so, we developed a novel paradigm in which
participants were asked to make trial-by-trial decisions
about whether or not to help a co-participant (a confederate)
avoid aversive electrical shocks, at the risk of also receiving a
shock. Importantly, helping decisions were prompted under
distal or imminent threat, based on the moment of shock
administration to the co-participant.

Our first question was whether the willingness to help the
co-participant avoid the shock was affected by threat immi-
nence. More frequent helping decisions under distal threat
would suggest that defensive states associated with the
engagement of slower and more flexible decision processes
facilitates helping behaviour under threat. Conversely,
increased helping under imminent threat would indicate
reactive defensive responses to immediate danger promote
altruistic helping, in line with previous demonstrations that
acute stress fosters prosocial behaviour [19].

Our second question concerned the impact of risk level on
the frequency of helping behaviour. A recent study assessing
avoidance of slow and fast virtual predators reported shock
intensity only impacted escape decisions to slow, but not fast
predators [33]. In line with these findings, we predicted the
risk level of receiving a shock following a help decision would
only impact decisions during distal, but not imminent threats.

Our third and final question concerned the influence of
individual differences in empathy on helping decisions under
threat. Previous research has supported a link between altru-
ism and empathic concern [10,11,36], a component of
empathy that reflects other-focused concern and motivation
to alleviate their distress [37]. We thus hypothesized that
higher scores on a trait measure of empathic concern would
be associated with more frequent helping behaviour. Impor-
tantly, we predicted empathic concern would be more
strongly associated with helping under imminent threat.
Since higher threat imminence favours the activation of rapid
and reflexive responses, it presumably hinders the engagement
of slower and more taxing processes like cognitive control and
emotional regulation [31,33]. Those processes may, in addition
to empathic concern, contribute to decisions to help others in
threatening contexts [38]; if they are hindered under imminent
compared to distal threat, we would expect empathic concern
to be the key individual motivator of helping decisions in
situations of higher threat imminence.

Based on power calculations performed on G x Power 3.1.9.2, a
sample of 123 individuals was initially pre-registered to ensure
80% power to detect an r of at least 0.25 at & = 0.05 on correlation
analyses. However, due to unforeseen logistical limitations
(resources and availability of the researcher playing the role of
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Figure 1. Schematic of the experimental task. Participants made trial-by-trial decisions about whether or not to help a co-participant avoid an aversive electrical
shock, at the risk of receiving a shock themselves. The task included shock (left panel) and safe trials (right panel). Responses were prompted either in the begin-
ning of the trial, when the visual cue was static on the left side (distal), or at the end of the trial, after the visual cue had moved to an endpoint on the right, and
thus immediately before shock delivery (imminent). In the schematic, this is represented by the response slides and vertical arrows signalling when responses were

prompted. (Online version in colour.)

Table 1. Sample gender, age and empathic concern descriptive statistics
(M and s.d.).

gender breakdown 56 F 5 F 31F

age, M (s.d.) 26.04 (4.53) 26.53 (421)  25.56 (4.84)

empathic concern, 14.67 (7.89) 14.22 (7.90) 15.14 (7.97)
M (s.d.)

confederate), data collection was interrupted at # = 98. Based on
the initial power calculations, this sample size was still sufficient
to guarantee 80% power to detect small-medium effects on
the pre-registered ANOVA, including main effects of within-
(n=36) and between-subject (n=98) factors and interaction
(n=52), as well as to detect an r=0.3 (n=83) at a=0.05.

One hundred healthy volunteers were recruited through
flyers on- and off-campus, and local online recruitment systems.
Two participants were excluded from the study due to doubts
about the veracity of the experiment. The remaining 98 partici-
pants were randomly assigned to two experimental groups
(high and low risk), based on the risk level of helping decisions
in the experimental task (more details below). Groups did not
significantly differ in age or empathic concern scores (table 1).
All participants were screened for a history of psychiatric and
neurological diagnoses, brain injuries and substance abuse.
Participants provided informed consent prior to the experiment
and were compensated with two movie tickets. The study was
approved by the regional ethics board in Stockholm, Sweden.

In each testing session, a participant and a confederate (hence-
forth, co-participant) were informed the experiment consisted
of two parts, which would be randomly assigned to each one
of them by a coin flip. Participant and co-participant were then
accompanied to separate testing rooms and did not interact
again during the experiment (detailed information about testing
procedures and debriefing are available in the electronic
supplementary material).

Participants performed a task wherein they made trial-
by-trial decisions about whether or not to help the co-participant
avoid aversive electrical shocks to the wrist, at the risk of also
being shocked (figure 1). Threat imminence was manipulated
based on previous work [32,34], by varying the spatial position
and movement of a visual cue signalling either threat (a spider,
associated with the shock) or safety (a butterfly, not associated
with the shock) on a computer screen. In addition, a webcam
feed of the co-participant was presented on the screen through-
out the task. Unknown to the participant, the video feed was
in fact pre-recorded, and edited to select unique clips for each
trial of the task (more details about the video stimuli provided
in electronic supplementary material).

Participants were informed that, throughout the experiment,
they and the co-participant would see the same screen. Each trial
started with a static cue on the left side of the screen (4 s), which
then moved to the right (4s). In shock trials, the co-participant
would be administered an aversive shock to the wrist when
the cue reached the right end of the screen, unless participants
decided to help him. To decide whether they wanted to help the
co-participant avoid the upcoming shock, participants made
forced-choice responses by pressing 1 (Help) or 2 (Don’t help) on
the keyboard as soon as the response slide was displayed (1.5 s).
Responses were prompted sometimes in the beginning of the
trial, when the visual cue was static on the left side (distal threat),
and other times at the end of the trial, after the visual cue had
moved to an endpoint on the right, and thus immediately before
shock delivery (imminent threat). Outcomes of participants’
decisions were as follows: if they chose not to help, the co-partici-
pant would always receive a shock; if they chose to help, there
would be a predefined probability of both participant and co-par-
ticipant receiving a shock (30% in the low-risk group and 70% in
the high-risk group). These contingencies were intended to simu-
late potential outcomes of offering assistance to others in a real-
life dangerous situation, wherein helping others may not always
be successful, putting both the helper and the helped at risk. Partici-
pants were instructed to respond as quickly as possible. Also, to
discourage missed responses, they were informed that a shock
would be delivered to both participants (with 100% chance)
whenever a response was not detected. Shock administration
always happened at the end of the trial, and participants were
able to see the outcome of their decisions on the screen (i.e. the
co-participant receiving or not receiving a shock; 3 s).

Safe trials followed an identical structure, with response slides
presented at distal or imminent stages in relation to the end of the



trial. However, participants were instructed that no shocks would
be given and they should arbitrarily choose to press 1 or 2 when the
response slide was displayed. It was made clear to them that their
choice would have no consequences for them or the co-participant.
The inclusion of responses on safe trials was meant to make them
match the shock condition, especially given indication that physio-
logical arousal may increase not only in response to emotional
content but also increased task demands [39].

The task included 40 trials split into four 10-trial blocks. Two
blocks included distal trials (decisions to help were prompted
under distal threat) and two included imminent trials (decisions
to help prompted under imminent threat). The order of blocks
was randomized across participants. Safe and shock trials (20 of
each) were randomized within blocks. The task was programmed
and delivered using E-prime 2.0 (Psychology Software Tools, Inc.,
www.pstnet.com).

(0) Questionnaire measures

After the experimental task, participants completed the Inter-
personal Reactivity Index (IRI) [37], a self-report measure of
empathic tendencies. It consists of four subscales (Empathic
concern, Personal distress, Perspective taking and Fantasy), and
each item is rated on a 5-point Likert scale ranging from ‘Does
not described me well’ to ‘Describes me very well’. We were
specifically interested in the Empathic concern subscale, thought
to reflect a tendency to feel compassion or concern for others.
Participants were also given a number of post-task questions
designed to assess the believability of the experiment (see
electronic supplementary material).

(d) Recording and pre-processing of physiological
measures

Delivery of electrical stimulation and recording of physiological
responses were done using BIOPAC systems (Santa Barbara, CA,
USA) and AcqKnowledge 4.1.1. software. Electrical shocks con-
sisted of a 100 ms DC-pulse delivered through two electrodes
placed on the participant’s right wrist. Shocks were individually
calibrated to an intensity level not painful, but very uncomfor-
table’. Heart rate was collected through two electrodes on the
collarbones and one ground electrode placed on the ankle. Heart
rate recordings were visually inspected for quality. Trials where
the QRS complex was unclear or with movement-related artefacts
were removed from analysis. Additionally, participants with more
than six unusable trials (30%) were dropped from the analysis.
Automated peak detection and stimulus-response algorithms
implemented in Acqknowledge were used to identify R-peaks,
and to calculate heart rate (in beats per minute, bpm) in the 4 s
time window after the onset of distal and imminent events, as
well as in the 6 s window after fixation onset, which was used as
baseline. Changes in heart rate related to distal and imminent
events were baseline-corrected and used in the statistical analysis.
Heart rate was also pre-processed and analysed using a model-
based approach integrated in the Matlab-based software PsPM
(Psycho-Physiological Modelling) v. 4.2.1 [40]. The PsPM approach
models evoked heart period (ms) and not heart rate (bpm),
and assigns each heart period to the following heartbeat. The
pre-processed time-series is then analysed using a GLM approach.
These data were used to plot average cardiac changes over time
during the task (figure 3c; more details about this method
provided in electronic supplementary material).

(e) Statistical analysis

(i) Pre-registered analyses
Our key dependent variable was helping behaviour. Helping
behaviour was operationalized as the percentage of helping

responses per individual in each condition. To assess the n

impact of risk level and threat imminence on helping under
threat, helping percentages were analysed in a mixed factor
Type III ANOVA with imminence (distal, imminent) as within-
subjects factor, and risk level (low-risk group, high-risk group)
as between-subject factor. To assess the link between empathic
traits and helping, we ran correlations between IRI's empathic
concern score and helping percentage in distal and imminent
conditions. We additionally ran follow-up correlations (Sidak-
corrected for multiple comparisons) within each group.

(i) Analyses not included in the pre-registration

Additional analyses were carried out to (i) provide confirmatory
validation of the effects, (ii) provide more complete information
about the data, and (iii) verify the effectiveness of the experimen-
tal manipulation.

Specifically, we analysed single trial dichotomous helping
responses (help or no help) using a mixed-effects logistic
regression. This approach allowed us to account for variation in
helping behaviour explained by random sampling of participants
and trial number (random effects), in addition to that explained by
threat imminence and risk level (fixed effects). Mixed-effects
approaches have been suggested to offer several advantages in
relation to traditional repeated-measures ANOVAs [41], among
which increasing the generalizability of research findings to
other individuals and stimuli [42]. Our models predicted the like-
lihood of helping versus not helping on each trial, as a function of
threat imminence, risk level and imminence x risk level interaction
(fixed effects), as well as subject and trial number (random effects).
Several models using bound optimization by quadratic approxi-
mation (bobyqa) were fitted and compared using likelihood ratio
tests. We report results from the best fitting model as indexed by
Akaike information criterion (AIC), which included fixed effects
of threat imminence and risk level, and no threat imminence x
risk level interaction (which was not significant).

To provide additional confirmation, we also repeated the
aforementioned analyses (ANOVA, correlations and mixed-
effects logistic regression) in a subsample excluding participants
who had a 100% helping rate in both conditions (distal and
imminent) (7=32, n remaining =66). The rationale for this
decision was that participants who helped in 100% of the trials
in both conditions might be at ceiling for reasons not related to
the experimental manipulations (e.g. they did not find the
shocks aversive enough), which could obscure the effects.

Finally, analyses to ascertain the effectiveness of the threat
imminence manipulation were performed on reaction time and
heart rate data, which provide important information about the
underlying defensive state. Reaction times were expected to be
slower during distal relative to imminent trials, following sug-
gestions that defensive responses to lower/moderate threat
imminence are characterized by behavioural immobility (i.e.
freezing) in preparation of subsequent active avoidance if/
when immediate escape becomes necessary (i.e. fight-or-flight)
[43]. Heart rate deceleration or bradycardia has been frequently
used as a proxy for freezing in humans, whereas subsequent
tachycardia typically indexes active avoidance [43—46]. We thus
verified whether distal compared to imminent trials were
associated with differential heart rate.

Reaction times were log transformed and data from two partici-
pants excluded, one because they did not make any responses
during safe trials, the other was an outlier (more than 2.5 s.d.s
below the mean). Transformed values were then used in a threat
(safe, shock) by imminence (distal, imminent) by risk level (high,
low) ANOVA. Heart rate in bpm, time-locked to stimulus onset
and baseline corrected, was entered in a threat (safe, shock) by
imminence (distal, imminent) by risk level (high, low) ANOVA.

The significance threshold was set at o = 0.05, as pre-registered.
Although the inclusion of additional statistical tests is known to
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Figure 2. (a) Violin plots depicting helping percentage in each group, showing more frequent helping during imminent relative to distal threats, and in the low
relative to high-risk group; dotted lines represent individual data (note: some participants have overlapping lines) (b,c). Scatter plots depicting the correlation
between empathic concern and helping percentage in the full sample and subsample without participants at ceiling (*main effect of imminence, p = 0.025;
**main effect of risk, p = 0.003). (Online version in colour.)
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Figure 3. (a) Violin plot depicting the reaction times (log RT), showing responses were faster during threat than safe trials, and imminent than distal threats; dotted
lines represent individual data from both groups (main effects of imminence and threat, ***p < 0.001). (b) Violin plot depicting heart rate (HR) in bpm, showing HR
was slower during distal compared to imminent trials; dotted lines represent individual data from both groups (main effect of imminence, *p = 0.015). (c) Heart
period over time (note that heart period interpretation is inverse to rate, with lower values indicating increase in heart rate). (Online version in colour.)

alter the pre-specified Type I error rate, the added analyses are of Table 2. Descriptive statistics for helping responses (%).
great value to provide a more thorough picture of our data. For

the sake of transparency, and in line with suggestions that more

important information can be derived from treating p-values con- distal imminent
tinuously rather than as thresholds [47], full p-values are reported
throughout (for both pre-registered and additional analyses), in M (s.d.) Mdn M (s.d.)
order to provide the reader with enough information to assess
the value of the effects. Data and code are available on the OSF high-risk level 71.2 (28.1) 75 754 (22.3) 80
project page (https://osf.io/nb6cf/). (n=50)
low-risk level 85.6 (18.2) 90 87.3 (17.6) 95
n=48
3. Results e
(a) Threat imminence facilitated helping under threat
Results showed participants helped more under imminent probability of helping under imminent threat (3=0.14,
compared to distal threat (Fj9s=5.16, p=0.025), and when s.e.=0.04, z=3.8, p=0.0001, 95% CI [0.07, 0.21]), and when
the risk of receiving a shock was lower (30%) compared to the risk of shock was lower (=1.83, s.e.=0.71, z=2.56,
higher (70%; F196=9.53, p=0.003) (table 2 and figure 2). p=0.010, 95% CI [0.43, 3.23]).
The imminence x risk level interaction was not statistically To further confirm these effects, we repeated the analyses
significant (Fy,96 =0.96, p=0.33). after removing participants at ceiling (i.e. who helped the
We validated these results by addressing the same co-participant in 100% of both distal and imminent trials;
question using a mixed-effects logistic regression on single n=232). In the remaining subsample (1 = 66), results were in
trial dichotomous responses (help or no help). The results the same direction, with participants helping more under

tracked closely with those of the ANOVA, revealing increased imminent threat (ANOVA: F,¢4=4.74, p=0.033, logistic
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Table 3. Descriptive statistics for reaction times (ms) and heart rate (bpm).

distal

3
reaction time (ms) 723 (146)
heart fate »(bpm) ._1'08. (3.64) N

mixed regression: f=0.13, s.e. =0.04, z=3.79, p = 0.0001, 95%
CI [0.07, 0.21]), and when the risk was low (ANOVA: F; ¢4 =
5.81, p=0.019; logistic mixed regression: §=0.65, s.e.=0.34,
z=1.93, p=0.053, 95% CI [-0.009, 1.31]). Again, there
was no indication of a significant imminence x risk level
interaction (Fy 64 =0.48, p=0.49).

Overall, these results indicate that individuals helped
more in the low-risk group. Importantly, independent of the
risk involved in the decision, increased threat imminence
facilitated helping behaviour.

(b) Empathic concern and helping behaviour under

imminent threat

To assess the association between helping behaviour and
empathic tendencies, we performed correlations between
the empathic concern score from the IRI ([37]) and helping
percentage under distal and imminent threat. In the full
sample (n=98), these correlations were not statistically
significant (distal: r=0.07, p=0.49; imminent:=0.12, p=
0.26). Akin to previous analyses, we repeated the correlations
after excluding the 32 participants at ceiling (final 7 = 66).
This approach was deemed particularly useful here, given
correlations are highly affected by extreme values. After
removal of participants at ceiling, we observed higher EC
was associated with increased helping behaviour during
imminent (r=0.25, p=0.04), but not distal threats (r=0.17,
p=0.17).

Atan exploratory level, we also performed follow-up corre-
lations (Sidak corrected) between helping responses and
empathic concern within the high and low-risk groups, after
exclusion of participants at ceiling. Specifically, for the high-
risk group, empathic concern was not significantly associated
with helping under either distal (= 0.05, p = 0.75) or imminent
threat (r = 0.08, p = 0.65). For the low-risk group, empathic con-
cern was only associated with helping under imminent threat
(r=0.50, p=0.007; distal threat: r=0.38, p=0.04). While
exploratory and performed in a smaller subset of participants
(38 in the high-risk group and 28 in the low-risk group),
these additional analyses suggest the association between help-
ing behaviour and empathic concern may, in addition to threat
imminence, depend on risk level.

(c) Effectiveness of the threat imminence manipulation

(i) Increased threat imminence was associated with faster
reaction times

To determine whether our threat imminence manipulation

induced different defensive states, we analysed reaction times

during the task. We found that responses were faster during

imminent relative to distal trials (Fjo4=220.87, p<0.001),

646 (158)
=061 ‘(3.18)

imminent
SF
603 (177) 492 (154)
‘ ._0728 (3.43) f0.3‘3‘(3764) »

in shock compared to safe trials (Fyo94=95.61, p<0.001),
and when the risk was low rather than high (F;94=4.98,
p=0.028). We also observed a significant imminence x threat
interaction (Fj 94 =15.96, p <0.001), driven by faster reaction
times under imminent versus distal trials in the threat
compared to the safe condition (table 3 and figure 3a). There
were no significant interactions with risk level (risk level by
imminence: F;94=0.17, p=0.68; risk level by threat: F;o4=
1.75, p=0.20; risk level by imminence by threat: F; 94 =1.95,
p=0.17).

(ii) Increased threat imminence was associated with heart rate

acceleration
To further confirm the effectiveness of the threat imminence
manipulation, we compared heart rate during distal and immi-
nent threats. Results showed heart rate was increased in
response to imminent compared to distal trials (F;gg=6.04,
p=0.015) (table 3 and figure 3b). We also observed
a significant imminence x risk level interaction (F; gg =5.35, p =
0.023), driven by a greater impact of imminence when the risk
was low than high. The effect of threat and remaining inter-
actions was not significant (threat: F;gg=043, p=0.52; risk
level x threat: Fygg=2.16, p=0.15; imminence x threat: F; gg=
2.38, p =0.13; risk x imminence x threat: F; gg =0.22, p = 0.64).

Taken together, our reaction time and heart rate effects
suggest the threat imminence manipulation successfully
induced shifts between defensive states, with distal threats
eliciting slower responses and bradycardia, and imminent
threats eliciting faster responses and tachycardia.

4. Discussion

This study assessed whether willingness to help others in
threatening situations is affected by threat imminence. We
showed that, regardless of the risk involved, participants
were more likely to help when the threat was imminent
rather than distal, suggesting that defensive states elicited
in situations of imminent danger may promote altruistic
helping behaviour.

Akin to other mammals, humans respond to threatening
stimuli gradually as a function of imminence [27,28]. When
threat imminence increases, active avoidance is enabled
by activation of neural circuits that coordinate fast and
species-specific defensive behaviours (e.g. fight-or-flight).
Our results suggest that the same way increased imminence
triggers active escape from self-directed threats, it also pro-
motes active helping when others are under threat. Human
research examining the interplay between helping and defen-
sive responses under real threat is lacking, but some animal
studies have addressed the link between defence and
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caregiving, and its underlying mechanisms. At the neural level,
switching from freezing to active avoidance as a function of
threat imminence has been linked to oxytocin-mediated
exchanges between the basolateral and central amygdala
nuclei [48-51]. Notably, in rodents, central amygdala activation
by oxytocin has also been shown to trigger maternal and
caregiving behaviours in virgin females [52], and to enhance
maternal defensive aggression [53,54]. More importantly, in
rats, the ability to inhibit freezing in favour of active threat
coping behaviours is necessary to allow females to engage in
offspring defence [55]. These previous findings in animals
demonstrate that neurohormonal circuits activated in situ-
ations of imminent danger are not only implicated in active
individual defence, but also enable caregiving behaviours
like offspring protection. While the discussion about under-
lying mechanisms remains speculative at this point, one
possibility raised by our results is that, in humans, increased
threat imminence may also enable defensive states that
facilitate care to conspecifics in the form of defensive helping.

In previous animal studies, defensive helping has mainly
been observed towards offspring [54,55], although there is
evidence of harm aversion and helping of unfamiliar conspeci-
fics in rodents [56,57] and non-human primates [58,59]. It has
been suggested that human altruism and, at a more general
level, the capacity to care for others’ welfare, results from
neurohormonal circuitry that evolved in mammals to support
offspring care [7]. In highly social species, particularly those
with high levels with alloparenting like primates, this circuitry
presumably evolved to generalize to others beyond kin, and
is involved in manifestations of care for strangers, such as
costly helping in humans [8,60]. Our results suggested that
individuals scoring higher in empathic concern, which reflects
motivation to care for others’ wellbeing, helped a stranger
more frequently under imminent threat, further supporting
that increased threat imminence may engage processes
implicated in caregiving motivation in humans.

Our results are also consistent with studies suggesting
acute stress promotes subsequent prosocial behaviour in
humans [19,21-24]. Of particular relevance are the findings
reported by Tomova et al. [20], in which induced stress
was associated with subsequent increased activation in the
anterior insula and anterior midcingulate cortex in response
to other’s pain, regions that have also been shown to be
critically implicated in ‘reactive fear’ circuits [33,34].

Our interpretation of the findings is based on the assump-
tion that our threat manipulation successfully elicited different
defensive states. Supporting this assumption is the fact that
we manipulated threat imminence in a manner consistent
with previous studies that demonstrated dissociable neural
and behavioural responses in humans to distal versus
imminent threats [31,34]. To further verify the manipula-
tion was effective, we analysed response latency and heart
rate as indicators of defensive state. Participants displayed
faster responses and increased heart rate during imminent
compared to distal threats, in line with evidence of behavioural
immobility and fear bradycardia during freezing, and active
avoidance and tachycardia during fight-or-flight [44,45,61-64].

In addition to hypotheses related to the impact of threat
imminence and empathic concern on helping, we tested
whether the risk level of helping affected decisions differently
as a function of threat imminence. Our results showed partici-
pants helped more if the risk of shock was low, but provided

no evidence for an interaction between risk and threat

imminence, contrary to previous reports that shock level
had a greater impact on escape decisions when facing
slow versus fast predators [33]. Methodological differences
between the two studies, including different outcome variable
(help or escape responses), are likely to account for this
discrepancy. The most critical difference is that, in our
study, risk level was manipulated between subjects, ensuring
that within-individual risk level and spatio-temporal distance
of threat did not simultaneously contribute to imminence
perception. Rather, our risk manipulation allowed us to assess
the influence of overall dangerousness of the situation on
helping behaviour.

One limitation of our study is the low threat value
of the task relative to real threatening situations, which
could compromise the generalizability of the findings to
real life. Indeed, helping a co-participant avoid aversive
shocks in a controlled and safe laboratory experiment does
not entail the same risk as many real-life dangerous situ-
ations. This aspect may have contributed to the small effect
size of imminence on helping, albeit significant and consist-
ent with the size of effects expected in adequately powered
psychological experiments like our own [65,66]. Importantly,
the lack of evidence for an interaction between risk level and
threat imminence across behavioural analyses suggests the
effect of imminence on helping might persist in a higher
risk context.

This study provides new evidence that situations of imminent
danger can promote defensive helping in humans, potentially
by activating neural circuitry also implicated in caregiv-
ing responses. Our study thus supports prior accounts
suggesting acute stress or fight-or-flight states may facilitate
prosocial and even heroic action in situations of immediate
need [19]. Importantly, grounded on a threat imminence
framework that allows for a more systematic examination of
different defensive states, our results provide insights into
the potential neurocognitive mechanisms behind the facili-
tating effect of threat imminence on helping. Additional
research is warranted to replicate this effect, specifically
using indices of neural function that can confirm the
mechanisms implicated in helping decisions under threat.
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