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Acute anxiety during the COVID‑19 
pandemic was associated 
with higher levels of everyday 
altruism
Joana B. Vieira 1,2*, Stephen Pierzchajlo3, Simon Jangard2, Abigail A. Marsh4 & 
Andreas Olsson2

Prior laboratory research has suggested that humans may become more prosocial in stressful 
or threatening situations, but it is unknown whether the link between prosociality and defense 
generalizes to real‑life. Here, we examined the association between defensive responses to a real‑
world threat (the COVID‑19 pandemic) and everyday altruism. Four independent samples of 150 
(N = 600) US residents were recruited online at 4 different timepoints, and self‑report measures of 
perceived COVID‑19 threat, defensive emotions (e.g., stress and anxiety), and everyday altruism 
were collected. Our operationalization of defensive emotions was inspired by the threat imminence 
framework, an ecological model of how humans and animals respond to varying levels of threat. 
We found that perceived COVID‑19 threat was associated with higher levels of everyday altruism 
(assessed by the Self‑report Altruism scale). Importantly, there was a robust association between 
experiencing acute anxiety and high physiological arousal during the pandemic (responses typically 
characteristic of higher perceived threat imminence), and propensity to engage in everyday altruism. 
Non‑significant or negative associations were found with less acute defensive responses like stress. 
These findings support a real‑life relation between defensive and altruistic motivation in humans, 
which may be modulated by perceived threat imminence.

The beginning of 2020 was met with an unprecedented global challenge—the novel coronavirus outbreak. A 
defining feature of the COVID-19 pandemic, especially its earlier stages, was a widespread feeling of being under 
an invisible threat, a feature likely to profoundly impact psychological functioning and behaviour. Indeed, a 
wealth of laboratory research has demonstrated how defensive processes triggered by stressful or threatening 
situations affect not only psychological  health1 and decision-making2, but also prosocial  behaviour3. Still, little is 
known about how ecological threats of varying proximity impact behaviour outside the laboratory setting. The 
pandemic presented a unique opportunity to answer this question. Here, we examined the association between 
changing COVID-19 threat and prosocial behaviour, particularly everyday altruism.

There is a long held popular view that human nature is inherently self-serving, and presumably more likely 
to reveal itself in challenging contexts or when resources are  scarce4. These characteristics are applicable to 
early stages of a pandemic, wherein the fear of infection co-occurred with that of losing one’s job and/or access 
to essential goods like medication, food, or even toilet paper. However, the notion of a fundamentally selfish 
human nature is called into question by the ubiquitous nature of everyday altruism in modern  societies5,6, and 
by instances of extraordinary altruism in highly risky (e.g., heroic rescues; https:// www. carne giehe ro. org/) or 
costly scenarios (e.g., non-directed organ donation)7. Importantly, it has been suggested that challenging contexts 
may in fact promote rather than hinder altruistic  motivation3,8. Previous studies have shown that inducing acute 
social stress through paradigms like the Trier Social Stress Test increases prosocial behaviour in subsequent 
economic  exchanges9 and hypothetical moral  decisions10, as well as the ability to empathize with others’  pain11. 
Other studies, however, indicated the link between stress and prosocial behaviour is more nuanced, as it may be 
shaped by additional individual and situational  variables12–14.
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One such variable could be the imminence of danger, and the way it is subjectively perceived by individuals. 
It has been proposed that, in humans and other species, defensive responses vary based on the spatiotemporal 
proximity of the threat, along a so-called threat imminence  continuum15. Distal threats predominantly trigger 
vigilance, risk assessment and more flexible escape strategies, whereas imminent threats activate more stereotyped 
avoidance responses (e.g., freezing and fight-or-flight)15–17. The terms pre-encounter, post-encounter, and circa-
strike have been used to describe different defensive contexts along the imminence continuum, and research in 
both animals and humans has begun to elucidate the neural circuitries implicated in adaptively responding to 
each context  (see17 for a review). Importantly, it has been proposed that human behaviours, cognitions and emo-
tions that characterize states like anxiety, fear and panic may be understood as contiguous transitions in response 
to the perceived imminence of a  threat17–19. For example, intermittent anticipatory anxiety accompanied by cogni-
tive control and reappraisal strategies are typical in response to an unpredictable threat that is not immediately 
present but may appear at any point (pre-encounter). By contrast, encounter anxiety may result from a threat 
that is already present but has consequences that are still somewhat unpredictable (post-encounter), and acute 
fear or panic may arise from a threat that is present and predictable, for which immediate avoidance is needed 
(circa-strike). An important point is that defensive responses are known to be variable between  individuals20–22, 
and it is thus reasonable to expect some degree of inter-individual variability in this defensive continuum, i.e., 
a threat may be perceived as more imminent by some than others, giving rise to varying defensive behaviours 
to the same external event.

There is laboratory evidence that defensive states along the imminence continuum may have different effects 
on prosocial behaviour. Specifically, we have recently demonstrated that healthy individuals were more likely to 
help a co-participant avoid aversive electrical shocks (at the risk of also being shocked) when helping decisions 
were made immediately before the shock delivery (imminent threat) than in the beginning of the trial (distal 
threat)23. Further, responses made during imminent relative to distal threats were faster, and accompanied by 
increased heart rate. These findings suggested that acute defensive states triggered in situations of imminent 
danger not only enable self-preservation responses, but may also promote motivation to defend/help  others24. It 
is, however, unknown whether the link between threat imminence and altruistic motivation would persist in a 
larger spatiotemporal scale and in a real-life context. The COVID-19 pandemic offered the opportunity to exam-
ine this question. In the United States, the first confirmed case of COVID-19 was reported on January 21st, and 
the government declared the outbreak a Public Health Emergency on February 3rd. On March 11th, the World 
Health Organization officially classified the outbreak as a global pandemic. By then, other countries like China, 
Italy and Iran had already recorded a rampant number of cases. This sequence of unfolding events presumably 
contributed to a perception of increased threat imminence, as individuals witnessed the negative impact of the 
virus in other countries, and anticipated similar consequences in their own country.

Our main goal here was to determine the association between COVID-19 threat and everyday altruism, 
defined as voluntary actions that benefit others at a variable personal cost (e.g., money, time, effort). Based on 
our findings that increased threat imminence favors helping  decisions23, and evidence that acute stress promotes 
 prosociality3,9–11, we hypothesized that increased COVID-19 threat over time would be accompanied by an 
increase in self-reported altruistic behaviours at the population level. To test this, we performed four independent 
data collections (cross-sectional design), corresponding to one-week apart time points during the COVID-19 
pandemic (March–April), during which number of confirmed cases and COVID-19 fatalities were objectively 
increasing. At each time point, self-report measures of everyday altruism, perceived COVID-19 threat, and 
experienced defensive emotional states were collected (see “Methods”). We then examined whether perceived 
COVID-19 threat and everyday altruism increased over those 4 weeks. Given the expected inter-individual 
variability in responding to threat imminence, we also hypothesized that individuals experiencing more acute 
defensive states (presumably linked with perception of higher threat imminence) would report higher engage-
ment in everyday altruism. This prediction was tested by modelling everyday altruism as a function of different 
defensive emotions, while accounting for week-by-week variation. Our measure of everyday altruism was the 
Self-report Altruism  Scale26, which assesses the frequency with which participants have engaged in different eve-
ryday altruistic behaviours in their lifetime. These ratings are believed to reflect both the frequency of performed 
acts, and the individual’s endorsement of helping others, thus being considered both a measure of self-reported 
behaviour and dispositional  altruism25. This is an important point to keep in mind when interpreting our results, 
as they can reflect both behavioural and trait-level associations between defence and altruism.

Results
Changes in everyday altruism and perceived COVID‑19 threat over time. The total number of 
confirmed COVID-19 cases increased over the 4 weeks of data collection, but we found no evidence that per-
ceived COVID-19 threat increased over time (F(3, 596) = 1.82, p = 0.14; Fig. 1). Regarding levels of everyday 
altruism assessed by the SRA, although the ANOVA suggested changes across the four weeks (F(3, 596 = 3.04, 
p = 0.03), follow-up pairwise comparisons were not statistically significant (all ps > 0.15).

Because some of the items of the SRA describe actions that may be difficult to perform during a lockdown 
(e.g., helping a stranger with car troubles), we repeated the ANOVA using as dependent variable a subset of SRA 
items referring to donations, given that the ability to carry out those behaviours should be less affected. When 
using the SRA-donations score, results suggested changes over the 4 weeks (F(3, 596) = 3.69, p = 0.012). Pairwise 
comparisons revealed the only significant difference was a decrease between Week 1 and 2 (p = 0.012).

Altogether, our results provided limited evidence about how population levels of overall altruism changed 
over the 4 weeks of data collection, but we found some indication that donation behaviour may have decreased 
from the first to the second week. These results could have been impacted by the non-changing threat perception, 
and/or limitations in the SRA’s ability to capture behavioural changes in that time period.
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Modelling everyday altruism (SRA) as a function of perceived threat and defensive emo‑
tions. To examine whether experiencing different defensive emotional states during the pandemic was asso-
ciated with altruism at the individual level, we adopted a Generalized Linear Mixed Models (GLMMs) approach. 
This allowed us to account for variation in everyday altruism that was explained by our variables of interest 
(fixed effects), as well as by random sampling of timepoint (random effect) (see “Methods” and  Supplementary 
material for a detail description of all the modelling checks and steps).

We first examined how everyday altruism (SRA) varied as a function of our key fixed effects of interest 
(Model 1), namely:

a) Perceived COVID-19 threat (assessed by the COVID-19 Risk Perception Scale,  RP26);
b) Stress, defined as feelings of uncontrollability and unpredictability, which are characteristic in response to 

situations of lower threat imminence (assessed by Perceived Stress Scale-10, PSS-1027);
c) Anxiety, defined as a state of high autonomic arousal, acute anxiety and panic, consistent with emotional 

responses to threats perceived as predictable and imminent (assessed by the Depression Anxiety Stress Scales, 
DASS-2128).

Although not the focus of our hypotheses, Depression (assessed by the DASS-21) was also included as a 
fixed effect, since it is thought to have important associations with stress and anxiety-related  responses29. Results 
showed only perceived COVID-19 threat and anxiety were significantly associated with increased everyday 
altruism (Table 1, Fig. 2A). When modelling these variables with only random intercept per week, we found 
additionally that stress and depression were negatively associated with altruism (see Supplementary material—
Addressing model singularity, Table m1.1).

We next examined the association between other demographic variables and everyday altruism, focusing on 
age, gender, socio-economic status and employment. Rather than introducing all these additional fixed effects 
in the main model, we instead first modelled them separately, with the goal of identifying those significantly 
associated with altruism. This strategy helped limit the complexity of the main model and avoid convergence 
problems (see Supplementary material for results of the model with all predictors, fixed effects of interest plus 
additional demographics, which did not converge but showed results in the same direction and significance as 
those reported here). Age was found to be positively associated with altruism, and employment was margin-
ally negatively associated (Supplementary material). We thus added these variables to the main model (Model 
2). Results showed that age, perceived COVID-10 threat, and anxiety were uniquely associated with increased 

Figure 1.  Total number of confirmed cases averaged across states, over the 4 weeks of data collection (top left); 
Perceived COVID-19 threat over the 4 weeks of data collection (top right ); Everyday altruism over the 4 weeks 
of data collection (SRA total and donations only score, bottom panel). The dashed line connects the mean across 
samples (i.e. weeks). Note that the distributions shown here correspond to independent samples collected on 
each week.
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everyday altruism (Table 2, Figs. 2B and 3). When using a simpler model with only a random intercept by week, 
in addition to these effects, we found depression, stress and unemployment were negatively associated with 
altruism (Supplementary material Table m3.3).

Overall, results showed higher perceived COVID-19 threat, and higher acute anxiety were robustly associ-
ated with increased everyday altruism, with some evidence emerging for a negative association with stress. This 
pattern of results can be interpreted as higher threat perception and acute defence during a crisis being linked 
with increased engagement in altruism, or alternatively that those higher in altruistic tendencies are more likely 
to experience threat and acute anxiety in response to a crisis.

Modelling other indicators of altruism during the pandemic. We next examined whether the 
observed associations between everyday altruism, perceived COVID-19 threat, and anxiety would hold when 
using an indicator that specified altruistic action during the pandemic, namely the reported frequency of altru-
istic behaviours towards strangers or charity in the last few weeks. Results showed that anxiety and age were 
positively associated with reporting altruistic behaviours towards a stranger or charity during the COVID-19 
pandemic (Table 3).

Table 1.  Model 1 estimates (DV: Everyday altruism, SRA).

Estimate Std. Error df t value Pr(>|t|) CI_lower CI_upper

(Intercept) − 0.006 0.070 3.084 − 0.091 0.933 − 0.143 0.131

Perceived COVID-19 threat 0.169 0.050 5.565 3.377 0.017* 0.071 0.267

Stress − 0.146 0.085 3.282 − 1.719 0.176 − 0.312 0.020

Anxiety 0.305 0.055 9.893 5.526 0.000* 0.197 0.414

Depression − 0.172 0.088 3.570 − 1.945 0.132 − 0.345 0.001

Figure 2.  (A) Beta values and SEs for Model 1. (B) Beta values and SEs for Model 2. Dependent variable in 
both models is everyday altruism (SRA).
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Table 2.  Model 2 estimates (DV: Everyday altruism, SRA). *Reference class = Employed.

Estimate Std. Error df t value Pr( >|t|) CI_lower CI_upper

(Intercept) 0.119 0.070 3.580 1.694 0.174 − 0.019 0.256

Perceived COVID-19 threat 0.156 0.051 4.674 3.090 0.030* 0.057 0.256

Stress − 0.084 0.063 5.228 − 1.327 0.239 − 0.208 0.040

Anxiety 0.296 0.052 9.196 5.641 0.000* 0.193 0.399

Depression − 0.132 0.069 5.115 − 1.915 0.112 − 0.268 0.003

Age 0.314 0.042 577.963 7.498 0.000* 0.232 0.396

Employment* = Student − 0.120 0.119 8.789 − 1.009 0.340 − 0.352 0.113

Employment = Unemployed − 0.416 0.149 3.231 − 2.786 0.063 − 0.708 − 0.123

Figure 3.  Model 2 predictions of everyday altruism (SRA) as a function of Anxiety (top left), Perceived 
COVID-19 threat (top right), Age (bottom left) and Stress (bottom right), depicting estimated random slopes 
per week.

Table 3.  Model 3 estimates (DV: Help stranger). 1 Reference class = Employed.

Estimate Std. error df t value Pr( >|t|) CI_lower CI_upper

(Intercept) 0.040 0.081 3.994 0.493 0.648 − 0.120 0.200

Perceived COVID-19 threat 0.047 0.068 2.601 0.686 0.549 − 0.087 0.180

Stress − 0.050 0.132 1.170 − 0.380 0.761 − 0.309 0.209

Anxiety 0.267 0.079 3.389 3.380 0.036* 0.112 0.422

Depression − 0.137 0.155 1.068 − 0.883 0.532 − 0.441 0.167

Age 0.230 0.067 291.869 3.419 0.001* 0.098 0.362

Employment (1 = Student)1 0.099 0.162 16.485 0.611 0.549 − 0.219 0.417

Employmen (2 = Unemployed) − 0.130 0.171 1.585 − 0.759 0.544 − 0.465 0.205
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We also replaced the SRA total score with that referring to donations only in the full model (Model 4). Results 
showed that anxiety and age remained significantly associated with increased donation behaviours. Additionally, 
Depression was negatively associated with those behaviours (Table 4).

Finally, we re-ran the full model using the Prosocial Behavioral Intentions (PBI) score as dependent measure. 
We found no evidence of a significant association between prosocial intentions and any of our predictors (Sup-
plementary material). Of note, this measure assesses the willingness to engage in future prosocial behaviour 
rather than self-reported performed behaviours. Also, visual inspection of the PBI data revealed skewed distribu-
tions, with the majority of scores concentrated in the upper end of the scale. This suggests participants generally 
rated their behavioural intentions as very highly prosocial (maybe due to social desirability), and variability in 
responses was low (see Supplementary material). This limitation of the measure could have contributed for the 
disparity in findings between prosocial intentions and the other altruistic measures.

Associations among measures of prosociality and defensive emotions. At an exploratory level, 
we examined the associations between everyday altruism, other measures of prosocial behaviour, and measures 
assessing defensive emotional states (anxiety and stress). Correlation analyses (corrected for multiple compari-
sons, all reported ps < 0.00065) revealed moderate positive correlations between everyday altruism and other 
indicators of prosocial behaviour, including prosocial behavioural intentions, and frequency of altruistic behav-
iours towards friends, acquaintances, strangers, ingroup and outgroup members (Fig. 4). Perceived COVID-19 

Table 4.  Model 4 estimates (DV: Donations). 1 Reference class = Employed.

Estimate Std. error df t value Pr( >|t|) CI_lower CI_upper

(Intercept) 0.109 0.072 3.366 1.520 0.216 − 0.032 0.250

Perceived COVID-19 threat 0.129 0.051 4.868 2.534 0.054 0.029 0.228

Anxiety 0.210 0.061 5.125 3.471 0.017* 0.092 0.329

Depression − 0.158 0.063 20.345 − 2.510 0.021* − 0.281 − 0.035

Stress − 0.027 0.067 5.632 − 0.398 0.705 − 0.157 0.104

Age 0.282 0.055 3.992 5.115 0.007* 0.174 0.391

Employment (1 = Student)1 − 0.039 0.125 6.831 − 0.313 0.764 − 0.285 0.207

Employment (2 = Unemployed) − 0.443 0.149 3.336 − 2.975 0.051 − 0.735 − 0.151

Figure 4.  Zero-order correlations between indices of prosocial behaviour and defensive responses. The 
numbers in each cell correspond to the Pearson r coefficients. Cells with a white background correspond to 
correlations that did not survive correction for multiple comparisons. Covid19_th: Perceived COVID-19 threat; 
PSS: Perceived Stress Scale; Depression: DASS-21 Depression scale; Stress: DASS-21 Stress scale; Anxiety: DASS-
21 Anxiety scale; SRA: Self-report Altruism; PBI: Prosocial Behavioural Intentions scale; stranger: Frequency 
of altruistic acts towards stranger; friend: Frequency of altruistic acts towards a friend; relative: Frequency of 
altruistic acts towards a relative; ingroup: Frequency of altruistic acts towards an ingroup member; outgroup: 
Frequency of altruistic acts towards an outgroup member; acquaint: Frequency of altruistic acts towards an 
acquaintance.
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threat was positively associated with state measures of anxiety and stress. In line with the main analysis, everyday 
altruism was positively correlated with perceived COVID-19 threat and anxiety. There results point to a coherent 
network of associations between measures assessing defensive and prosocial behaviour, respectively, and further 
support a unique link between altruistic behaviour and acute defensive responses to the pandemic.

Discussion
This study investigated the association between everyday altruistic behaviour, changing level of COVID-19 threat 
over time (objective threat imminence), and type of defensive emotions experienced by individuals during this 
period (perceived threat imminence). It has been proposed that emotional states like stress, anxiety, fear and 
panic can be understood as reflecting contiguous defensive responses to varying levels of perceived  threat17,19. 
Based on observations that defensive responses to increased threat  imminence23 and acute  stress3 may facilitate 
prosocial action in experimental settings, we hypothesized that experiencing more acute defensive emotions 
during the pandemic would be associated with higher levels of self-reported altruism. Our results supported 
this hypothesis, showing that individuals reporting higher perceived COVID-19 threat and experiencing higher 
acute anxiety (conceptualized as high physiological arousal and feelings of being close to panic), also reported 
higher everyday altruism. These associations persisted while controlling for additional variables such as age, and 
employment status. The association between everyday altruism and acute anxiety was particularly strong and 
consistent both across, and within each week (when each week was analysed separately, acute anxiety emerged 
as a robust predictor of everyday altruism—see Supplementary material), suggesting that acute defensive states 
may be particularly predictive of altruistic outcomes.

Our findings are consistent with previous reports that acute social stressors promote prosocial behaviour. 
For instance, individuals submitted to the Trier Social Stress Test, a paradigm that increases salivary cortisol 
and heart rate in experimental studies, have been shown to subsequently display increased levels of trustwor-
thiness and  sharing9,30, empathy for others’  pain11, and self-reported emotional  empathy31. Of note, despite the 
different terminology, “acute stress” in these experimental studies has a physiological manifestation and is more 
closely related to our operationalization of acute anxiety. That acute social stressors promote affiliative behaviour 
has often been interpreted with reference to the “tend-and-befriend” hypothesis by  Taylor32,33. This hypothesis 
proposes an oxytocin-mediated biobehavioural system that, on the one hand, fosters affiliative behaviours that 
maximize species survival (tending), and, on the other, reduces stress through the establishing of social bonds 
(befriending). The “tend-and-befriend” proposal thus highlights the role of oxytocin in promoting social bonds 
and, as a result, in dampening defensive responses in social stressful situations. However, animal and human 
research have demonstrated that oxytocin plays a more general role in regulating individual defensive behaviour 
in non-social contexts as  well34. For instance, oxytocinergic neurons in the central amygdala are implicated in 
allowing transitions between freezing and active defense (fight-or-flight) in response to imminent  danger35,36. 
Moreover, in rodents, the oxytocin-mediated ability to inhibit freezing in favor of active threat coping behaviours 
is necessary to allow females to engage in offspring  defense37. In light of these data, one possibility is that acute 
defensive states enable prosocial action regardless of the social nature of the stressor, by recruiting active coping 
mechanisms also implicated in dealing with first-hand threats. This is consistent with recent experimental data 
showing that the induction of fight-or-flight states by increasing threat imminence promotes costly helping deci-
sions in  humans23. It is also consistent with previous theoretical accounts suggesting acute physiological stress 
(versus diffuse or chronic stress) promotes caregiving specifically in situations of immediate  need8,38. While open 
questions remain regarding the underlying mechanisms, our results demonstrate a positive relation between 
acute defensive states and prosocial behaviour, which generalizes beyond time bounded laboratory experiments 
to real-life threatening contexts that extend over time.

Interestingly, we found either a non-significant or negative association (depending on how the models were 
defined) between altruism and stress, characterized here by diffuse anxiety and feelings of uncontrollability and 
unpredictability. One possible interpretation for this finding, is that the association between altruism and threat 
perception is modulated by perceived threat imminence. i.e., altruism is differently associated with defensive 
emotions typical of higher perceived threat imminence (acute anxiety), and those eventually elicited when threat 
imminence is perceived to be lower (stress). It should be noted however, that our questionnaire measures do not 
directly assess perceived threat imminence. Rather, our measures of stress mainly tapped onto feelings of control-
lability and unpredictability. Therefore, our interpretation, and the potentially dissociable association between 
altruism and perceived threat imminence, warrants further examination in more controlled experiments (e.g.,23). 
Additionally, because the (negative) relation between stress and altruism was not as robust as the (positive) 
relation with acute anxiety, replication of the stress effect in future well-powered studies is especially warranted.

One aspect to consider is that our main indicator of altruism, the Self-report Altruism Scale (SRA), does not 
specify a time window for the occurrence of behaviour, and thus altruistic behaviours reported by participants 
may have included actions not necessarily undertaken during the pandemic. We have accounted for this in the 
analysis by testing our model with an index of altruistic behaviours performed during the pandemic, having 
confirmed the same pattern of results with acute anxiety. In addition, the SRA includes actions that could be dif-
ficult to perform during the lockdown. Our analysis also accounted for this aspect, demonstrating results in the 
same direction with acute anxiety while using only SRA items related to donation behaviours, which although 
still hindered to some extent by the lockdown context (e.g., donating blood)could more easily be undertaken 
(e.g., charity donations). Despite these limitations (which we have accounted for in the analysis), the SRA has the 
advantage of being the only validated and well-established measure of self-reported altruistic behaviour in our 
study. Crucially, even if understood as trait measure, our findings with the SRA suggest that altruistic dispositions 
are associated with the propensity to experience acute anxiety (but not stress) during a real-life crisis. Such trait-
level association has important theoretical implications, since it further supports a link between neurobiological 
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systems responsible for defensive responding and those implicated in empathy and care. Future research would 
benefit from considering additional trait level moderators of interest in the association between defense and 
altruism, such as individual differences in threat sensitivity and dispositional empathy.

We had also hypothesized that increased COVID-19 threat over time (i.e., increasing number of cases and 
fatalities) would result in increasing indices of everyday altruism at the population level. Our results for this 
hypothesis were inconclusive. Although donations decreased from Week 1 to Week 2, no clear indications of 
increase or decrease in altruism emerged over the 4 weeks of data collection. Critically, our inability to detect 
meaningful alterations in altruism may have been due to the fact that, despite the increasing number of cases and 
fatalities, subjective perception of COVID-19 threat did not significantly change over those 4 weeks. There are 
several potential, not mutually exclusive reasons for the disparity between objective and subjectively perceived 
threat. For one, the use of different samples each week may have compromised our power to capture changes 
over time. Another likely reason is that our study had insufficient temporal resolution to detect changes in sub-
jective threat perception that accompanied the course of the pandemic. It is possible that individuals perceived 
the COVID-19 situation to be substantially more severe prior to the first data collection on March 24th, and that 
perception became relatively stable over the following weeks. Indeed, in the early stages of the pandemic in the 
United States, information about the coronavirus and its transmission was still limited and unclear. The percep-
tion of danger in these early stages was therefore presumably higher, as suggested by the outages of toilet paper 
and other goods at supermarkets (https:// www. mckin sey. com/ indus tries/ consu mer- packa ged- goods/ our- insig 
hts/ us- food- supply- chain- disru ptions- and- impli catio ns- from- covid- 19), and increase in gun sales across the 
country (https:// www. thegu ardian. com/ us- news/ 2021/ may/ 31/ us- gun- sales- rise- pande mic). Some research sup-
ports this interpretation, with data suggesting that more substantial changes in COVID-19 risk perception may 
have occurred prior to the beginning of our  study39,40. Another possibility is that objective indices of COVID-19 
threat, like number of cases and deaths, are not the only contributing factor for subjective threat perception. For 
instance, knowledge about the measures that are being implemented to control the virus spread may modulate 
how severe individuals perceive the situation to be. In that regard, the start of the lockdown in the US during 
the data collection period may have mitigated the perceived threat. Accounting for the state of residence of the 
participants could also have improved the sensitivity of the analysis to detect changes in threat perception, since 
the evolution of the pandemic was quite heterogeneous across different locations. Our dataset had an uneven 
number of cases per US state in each week, substantially limiting statistical power of any spatially-based analyses. 
However, even accounting for the number of COVID-19 cases specifically in the participants’ state of resident, 
we did not find indication that it was associated with perceived COVID-19 threat (r = 0.006, p = 0.88). In sum, 
given that we cannot discount the influence of between-sample variation in our data, that our time resolution 
may have been insufficient, and that perceived threat did not change significantly over the 4 weeks, our study 
was inconclusive to assess a potential link between changing threat imminence over time and population levels 
of altruistic behaviour. Future research on population-level effects would benefit from including information 
regarding location, as well as additional demographic aspects, such as having children or not, and health status 
of the participants.

As a final note, it is worth pointing out the strong association that emerged between age and altruism. This 
association has been previously documented, e.g.,41–46, including in relation to situations of acute  stress47. The 
positive association between age and altruism is likely explained by a combination of biological and sociocultural 
factors, which are out of the scope of the present study. Of note, we did not find indication that this association 
was driven by other demographical aspects (such as employment or socio-economic level), which likely covary 
with age but were controlled for in our analysis. The inclusion of additional variables, such as having children 
and health status, could help to further clarify the apparent positive impact of age on everyday altruism. It should 
also be noted that the strength of the age effect we found could, to some extent, be driven by how the SRA scale 
is formulated, i.e., in measuring accumulated behaviour over time, older participants might by default report 
more engagement in altruistic behaviours.

Some specificities of our study should be acknowledged. At the conceptual level, it is important to note that, 
while our operationalization of different defensive states was informed by the threat imminence framework, it 
does not entirely match how threat imminence has been previously manipulated in experimental studies. Specifi-
cally, experimental studies have typically manipulated features of threatening stimuli (e.g., spatial proximity), 
thereby changing actual threat imminence. Conversely, in our study, we took two approaches: first, we inferred 
threat imminence indirectly based on the number of COVID-19 cases; and second, we quantified individual 
defensive responses that are thought to reflect variation in perceived threat imminence. This difference in actual 
versus perceived threat should be taken into account when interpreting our results, although it is noteworthy 
that our results were consistent with a recent experimental study that directly manipulated threat  imminence23.

A related limitation refers to the self-report measures used to index different defensive states. While these 
measures (DASS-21 scales and Perceived Stress Scale) tapped into dimensions closely related to varying threat 
imminence (e.g., predictability/controllability, versus high arousal and feelings of panic), they did not provide 
a direct measure of perceived threat imminence. Moreover, our ability to capture extreme levels of stress and 
anxiety may have been limited by the fact that high scorers in those measures (e.g., individuals with small chil-
dren at home, or caring for ill relatives) may be less likely to participate in an online study. Finally, it is worth 
acknowledging the difficulty in measuring altruistic behaviour during the pandemic due to, among other reasons, 
reliance on self-report, and behavioural restrictions imposed by lockdown.

https://www.mckinsey.com/industries/consumer-packaged-goods/our-insights/us-food-supply-chain-disruptions-and-implications-from-covid-19
https://www.mckinsey.com/industries/consumer-packaged-goods/our-insights/us-food-supply-chain-disruptions-and-implications-from-covid-19
https://www.theguardian.com/us-news/2021/may/31/us-gun-sales-rise-pandemic
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Methods
Participants. 602 participants were recruited through the Prolific participant pool (Prolific.co). The sample 
size was decided based on resource availability (largest N possible with available resources), and not a formal 
power calculation. To mitigate the lack of a power calculation, we performed simulation-based power analysis 
after completing the study, fixing the sample size to the one we used to determine our power to detect effect sizes 
of different magnitudes. This procedure provides an estimate of how much power our study had, without relying 
on the obtained effects  sizes48,49. This analysis suggested that our sample size and design would have between 88 
and 94% power to detect a 0.3 effect size (d) (details on this analysis and power curve in Supplementary mate-
rial).

Participant inclusion criteria were Nationality and residence in the United States, and fluency in English. Data 
were collected at 4 timepoints, over a 4-week period: 24-03-2020 (Week 1, n = 150), 31-03-2020 (Week 2, n = 150), 
07-04-2020 (Week 3, n = 150), and 14-04-2020 (Week 4, n = 151). Data collection took place at approximately 
20:30 (CEST) each week (i.e., the study was set to active on Prolific at that time). The collection of 4 samples at 
different timepoints (rather than N = 600 at one timepoint) provided a way of examining the robustness of the 
findings across independent samples, which combined with the statistical approach adopted (Generalized Lin-
ear Mixed Effects Models, see below) has been suggested to improve the generalizability of research  findings50.

Participants completed an online survey consisting of several questionnaire measures, in addition to demo-
graphical information, namely age, gender, employment status, state of residence, socio-economic status and 
education level. The full survey (available here: https:// osf. io/ c8zhn/) took about 15 min to complete. One entry 
was excluded because the data appeared to be a duplicate (i.e., two entries had identical responses in open-ended 
fields for participant comments and questions, and all demographics except age were identical). The data seemed 
otherwise valid, and thus only the first entry was retained. Another participant was excluded due to incomplete 
information regarding state of residence, yielding a total of 600 participants in the final sample (Mage = 31.16, 
SDage = 10.70, 56.1% female, 2.0% other; Fig. 5). All participants provided informed consent prior to participating.

All methods and experimental protocols were carried out in accordance with relevant guidelines and regula-
tions, and approved by the Karolinska Institutet (Sweden) and the Etikprövningsmyndigheten (Ethics review 
authority).

Questionnaire measures. Everyday altruism. Everyday altruism was measured through the widely used 
Self-Report Altruism  Scale51 (M = 50.83, SD = 11.44, range = [24, 98]; SRA normative data  from51 mean = 55.40 
and SD = 10.57), in which participants rate the frequency (1 = never, 5 = very often) with which they engaged in 
20 different everyday altruistic behaviours (e.g., “I have given money to a charity”, “I have offered my seat on a 
bus or train to a stranger who was standing”). These ratings are believed to reflect both the frequency of per-
formed altruistic acts, and the individual’s endorsement of helping others in everyday  situations51.

The SRA does not specify a timeframe for the occurrence of altruistic actions, thereby including both acts 
performed in the weeks leading up to the moment of data collection (i.e., during the pandemic), as well as prior in 
the participant’s life. To obtain more detailed information about self-reported altruistic actions specifically during 
the timeframe of the study, we created 5 additional items in which participants rated the frequency of altruistic 
actions towards different targets: “In the last few weeks, think of anything you may have done to help or benefit 

Figure 5.  Demographic information for the sample collected in each week.

https://osf.io/c8zhn/
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another person, without any benefit for yourself. Examples would be donating money, clothes or food, caring 
for someone who was unwell, assisting someone in a task they were unable to complete on their own, etc. If any 
of these or similar behaviours occurred in the last few weeks, how many of those behaviours were directed at…”. 
Subsequently, participants rated the amount of such behaviours that were directed at a relative (Help relative), a 
friend (Help friend), an acquaintance (Help acquaintance), a stranger or a charity (Help stranger), a person having 
a lot in common with (Help ingroup), and a person having nothing or very little in common with (Help outgroup; 
1 = none, 4 = all). The idea to include these measures arose after the study had been initiated, and therefore these 
additional items are only available for Weeks 3 and 4 (n = 300).

Additionally, to assess prosocial intentions (rather than performed behaviour), we used the Prosocial Behav-
ioural Intentions  Scale52, wherein individuals rate how likely they would be to engage in 4 types of prosocial 
actions (“Comfort someone I know after they experience a hardship”, “Help a stranger find something they lost, 
like their key or a pet”, “Help care for a sick friend or relative”, “Assist a stranger with a small task (e.g., help carry 
groceries, watch their things while they use the restroom”).

Perceived COVID‑19 threat and defensive emotional responses. Perceived COVID-19 threat was operation-
alized through the COVID-19 Risk Perception Scale (RP) developed by Wise and  collaborators26 (M = 45.27, 
range = [10, 70]), which measures self-reported feelings and thoughts about the COVID-19 pandemic, including 
perceived risk of infection and economic repercussions (e.g., “How likely do you think you are to catch the virus”, 
1 = min, 7 = max).

Defensive emotional responses were assessed through the Perceived Stress Scale-10 (PSS-1027) and the 
Depression Anxiety Stress Scales (DASS-2128). The PSS-10 (M = 20.73, range = 3, 40]) includes 10 items assess-
ing experienced stress, specifically the degree to which individuals perceived their lives to be unpredictable, 
uncontrollable, and overloaded in the past month (e.g., “How often have you been upset because something that 
happened unexpectedly?”, 1 = never, 5 = very often).

The DASS-21 includes 21 items assessing states of stress, anxiety and depression over the past week, using a 1 
(Did not apply to me at all), to 4 (applied to me very much or most of the time) scale. The Stress scale (M = 15.29, 
range = [0, 42]) measures difficulty relaxing, unspecific nervousness, and being easily upset and impatient (e.g., 
“I found it hard to wind down). The Anxiety scale (M = 8.23, range = [0, 40]), on the other hand, assesses states 
of acute anxiety, characterized by high autonomic arousal and skeletal muscle effects (e.g., “I was aware of dry-
ness of my mouth”, “I felt close to panic”), presumably more characteristic of higher perceived threat imminence 
(post-encounter and circa-strike contexts). Finally, the Depression scale (M = 14.2, range = [0, 42]) assessed 
feeling of dysphoria, hopelessness, devaluation of life, self-deprecation, lack of interest, anhedonia, and inertia 
(e.g., “I couldn’t seem to experience any positive feeling at all”). Although not the focus of the present study, the 
depression scale was included to account for shared variance with stress and anxiety.

All questionnaires were used at all time points, with the exception of the items assessing frequency of altruistic 
behaviours towards different targets, which were only measured on Weeks 3 and 4.

The COVID-19 Data Repository by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins 
University (https:// github. com/ CSSEG ISand Data/ COVID- 19/) was used as a resource for obtaining objective 
COVID-19 data during the time window of the study, including the number of cases and fatalities per state in 
the United States. Objective COVID-19 threat was operationalized by the number of total confirmed cases per 
state of residence.

Statistical analysis. Changes in everyday altruism and perceived COVID‑19 threat over time. Our first 
question was whether increased COVID-19 threat over time was accompanied by higher frequency of self-
reported altruistic behaviours at the population level. To test our hypothesis, we performed one-way ANOVAs, 
using perceived COVID-19 threat and everyday altruism as dependent variables. Our main indicator of eve-
ryday altruism was the SRA score. Because some of the items of the SRA describe actions that may be difficult 
to perform during a lockdown (e.g., helping a stranger with care troubles), we repeated the ANOVA using as 
dependent variable a subset of SRA items referring to donations, given that the ability to carry out those be-
haviours should be less affected (items: 4. I have given money to a charity, 5. I have given money to a stranger 
who needed it (or asked me for it), 6. I have donated goods or clothes to a charity, 7. I have done volunteer work 
for a charity, 8. I have donated blood; Cronbach’s alpha for SRA donations = 0.7). In each ANOVA, we assessed 
whether Perceived COVID-19 threat and indices of everyday altruism (SRA and SRA-donations) varied over the 
4 weeks of data collection.

Modelling everyday altruism (SRA) as a function of perceived COVID‑19 threat and defensive emotions. Our 
second question was whether experiencing different defensive emotional states during the pandemic was associ-
ated with self-reported altruism at the individual level. To assess this question, we adopted a Generalized Linear 
Mixed Models (GLMMs) approach. GLMMs explicitly model variance in a hierarchical fashion, in keeping with 
the hierarchical structure of datasets in which different observations belong to different groups or were collected 
at different timepoints (e.g., week). Thus, this approach allowed us to account for variation in everyday altruism 
(SRA; dependent variable) that was explained by our variables of interest (fixed effects), as well as by random 
sampling of timepoint (random effect). Initially, both state of residence and week were included as random 
effects. However, given (a) the limited and unbalanced number of observations from some US states, (b) the 
high number of random effect estimates necessary to model state as a random effect, and c) the negligible vari-
ance explained by the random effect of state, we opted to exclude state from the model. Week was modelled as a 
random effect, with random intercept and slope per each fixed effect (details in Supplementary material).

https://github.com/CSSEGISandData/COVID-19/
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Key fixed effects of interest included in Model 1 were: (1) perceived COVID‑19 threat (COVID-19 RP scale); 
(2) stress (PSS), defined as feelings of uncontrollability and unpredictability, which are more characteristic in 
response to situations of lower threat imminence; and, (3) anxiety (DASS-21 Anxiety), defined as a state of 
high autonomic arousal, acute anxiety and panic, consistent with emotional responses to threats perceived as 
predictable and imminent. Of note, the PSS score was chosen over the DASS-21 Stress scale to index stress due 
to the stronger correlation between DASS-21 Stress and Anxiety (Fig. 4). Importantly, we verified that includ-
ing DASS-21 Stress instead of PSS in the models did not change the direction of results (see Supplementary 
material). Although not the focus of our hypotheses, Depression was also included as a fixed effect, since it is 
thought to have important associations with stress and anxiety-related  responses29. Including Depression in our 
models was critical to account for shared variance with stress and anxiety, especially given we hypothesized the 
opposite association between altruism and acute defensive emotions (positive) to that previously described for 
Depression (negative)53,54. Multicollinearity diagnostics using the Kappa statistic and Variance Inflation Factor 
(VIF) did not suggest problematic collinearity when stress, anxiety and depression were included in the same 
models (all kappas < 3.66; all VIFs < 5). Also, including Depression did not affect the direction or significance of 
the main findings (Supplementary material).

In addition to the fixed effects of interest, we modelled demographic variables with a presumed association 
with altruistic motivation, namely age, gender, socio-economic status and employment (Model 2). Briefly, (1) 
age has been shown before to be positively associated with prosocial  tendencies55,56; (2) gender may modulate 
prosocial  behaviour6,57, particularly in stressful  situations32; and (3) socio‑economic and employment status could 
compromise one’s ability to carry out some types of altruistic acts (e.g., money donations), and affect subjective 
wellbeing, which has been previously linked with  altruism7.

Modelling other indicators of altruism during the pandemic. Because our main measure of every-
day altruism (SRA) does not specify a timeframe for the reported behaviours, we performed additional GLMM 
using the Help stranger item as dependent variable (Model 3). This item assessed the frequency of altruistic acts 
towards a stranger or charity in the last few weeks. This measure was chosen because: (1) it specifies a timeframe 
consistent with the pandemic; (2) in assessing altruism towards a stranger/charity, it was deemed a “purer” meas-
ure of altruism than the items assessing frequency of altruistic actions towards relatives, friends or acquaint-
ances, which can be inherently rewarding, or reciprocity-based.

Another limitation of using the SRA is that some of its items describe actions that may be difficult to perform 
during a lockdown (e.g., helping a stranger with care troubles). To minimize this potential concern, we also 
repeated the GLMM analysis using the SRA-donations as dependent variable (Model 4).

Finally, we repeated the analysis using the Prosocial Behavioral Intentions scale (PBI).
The description of the different models tested is presented together with the respective results in the next 

section, to improve readability. Also, for the sake of conciseness, not all steps of the modelling were included 
in the main text. All modelling steps and results, code, model assumptions, as well as an analysis assessing the 
robustness of the effects within each week are available in Supplementary material.

Correlations among measures of prosociality and defensive emotions. Finally, at an exploratory level, we used 
zero-order Pearson correlations to examine associations between self-reported altruism, other measures of 
prosocial behaviour (Prosocial Behavioral Intentions Scale, items assessing altruistic behaviours towards dif-
ferent targets), and measures assessing defensive emotional states (anxiety and stress). These analyses were per-
formed across all weeks (N = 600), except for the items assessing altruism towards different targets, for which 
only two Week 2 and 3 were available (N = 300). Correlation analyses between these items were Sidak-corrected 
for multiple comparisons.

All analyses were implemented in R, and the GLMMs performed using lme4  package58 with standardized 
variables. The significance level was set at α < 0.05. In line with open science practices, all analytical decisions 
and steps are detailed in Supplementary material, and all data, study materials and code are publicly available 
on the OSF project page (https:// osf. io/ c8zhn/).

Data availability
All data, code and study materials are publicly available on OSF (https:// osf. io/ c8zhn/).
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