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ABSTRACT

The COVID-19 pandemic not only presents a medical and psychological stressor to many, but has also 
led to alterations that many perceived as threatening, such as reduced financial income and job 
insecurity. A symptom of collective worrying were so-called panic- or ‘hamster’ purchases, whereby people 
hoarded food following the introduction of governmental restrictions in response to the pandemic. This 
behavior indicated subjective ‘food insecurity’ in many individuals at a time when loss of income could 
potentially lead to real food insecurity for some. Since both perceived and actual food insecurity, as well 
as stress, are thought to facilitate weight gain as an adaptive response, this study aimed to investigate 
body weight during the pandemic. Specifically, we modeled the effects of both psychological and 
environmental factors such as food insecurity, hoarding behavior and loss of income, on body on weight 
as lockdown measures were introduced and loosened in four European countries. While we observe no 
systematic changes in body weight over the observed period, there was inter-individual variation in 
weight changes. However, contrary to our hypothesis, results show that neither food insecurity, hamster 
purchases, nor loss of income were predictors of weight change or weight/height ratio in our models, and 
none of our machine learning models outperformed a trivial predictor using the mean of all values for 
each prediction. In conclusion, this study does not add support for the notion that perceived food 
insecurity can predict weight gain or a higher weight/height ratio at a time of environmental 
uncertainties. This suggests that acute alterations in appetite reported upon triggering environmental 
harshness have no effect beyond that moment. Possibly life-history strategies acquired earlier in life 
remained stable during this crisis with respect to food consumption and weight.
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INTRODUCTION


Pandemic phenomena

In spring 2020, countries across the world faced one of the biggest acute crises in recent history. 
The spread of SARS-CoV2 causing the COVID-19 pandemic presented a medical and 
psychological stressor and led to governmental restrictions in an attempt to contain the infection 
rates. The severity of the outbreak differed across countries, whilst governmental as well as public 
reactions also varied (Petherick et al., 2020, BBC, 2020). Although some governments relied on 
rigorous rules and timely public information (Bui, 2020), it has been argued that some political 
leaders contributed to public confusion by providing suboptimal guidance (Kerri et al., 2020).


Severely hit countries, such as Spain, experienced a dramatic decrease in access to health care 
and a collapse of the funeral system (Enguix, 2020; Redacció i agèncie la Vanguardia, 2020), and 
declared a nationwide state of alarm (March 14th, Ministerio de la Presidencia, 2020) followed by 
strict curfews. Countries in the average of infection rates, such as Austria, also issued prescribed 
restrictions (Bundesministerium für Soziales, Gesundheit, Pflege und Konsumentenschutz 
[BSGPK], 2020), and even less affected countries such as Poland and Czech Republic relied on 
strict regulations and ‘social isolation’ to halt the spread (Dziennik Ustaw, 2020; Ministry of 
Health of the Czech Republic [MHCR], 2020).


The virus as a worldwide stressor along with the changes in everyday life lead to alterations in 
societal norms and psychological functioning. Curfews, travel restrictions, and ‘physical 
distancing’ deprived people living alone from the support of their family and friends. Prohibitions 
of gatherings including funerals make it harder for families to mourn their loved ones (Velásquez, 
2020). In the general population, increases in anxiety and loneliness have been reported (Brooks 
et al., 2020; Mazza et al., 2020). 


The negative impact of these events was manifested in behavioral changes, such as shifted 
preferences for movies (Scrivner, 2020) and the use of fewer positive words on social media 
(Computational Story Lab, 2020; see Dodds et al., 2011), but also substantial psychological 
problems (e.g. Kim et al., 2020). Another phenomenon that occurred at the beginning of the first 
curfews in some European countries were so called panic- or ‘hamster-purchases’ (Hamsterkauf, 
cf. Steger 2020): Durable food, such as rice and noodles, and – remarkably – toilet paper (Garbe 
et al., 2020), was bought in large quantities and stockpiled at home (Figure 1). This indicates 
subjective food and supply insecurity in parts of the population. However, with few exceptions 
(see Tondo, 2020), the actual availability of food was at no point restricted in Europe, even though 
economic changes due to the crisis may have caused actual uncertainties regarding the financing 
of previously spontaneous purchases (for reports of the global situation of food insecurity see UN, 
2020).
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Figure 1: (A) Empty food racks in an Austrian store by the start of this study. (B) The term 
‘hamster purchases’ refers to buying excessive amounts of food, typically for stockpiling them at 
home. Photo: SJE


Food insecurity and environmental harshness

Considerable research has evidenced that food insecurity is linked to obesity, and weight gain may 
be an adaptive response to threatened food supply (Dhurandhar, 2016). The link between weight 
and food insecurity is typically demonstrated for actual insecurity due to financial shortcomings, 
and has been explained by life-history strategies (Nettle, 2010). Life-history theory provides a 
framework for explaining persistent patterns over an individual’s lifespan, such as how to allocate 
limited resources, as strategies to cope with specific environmental conditions (cf. Del Giudice et 
al., 2016). For example, experiences of environmental harshness favor the adoption of faster life-
history strategies, leading to earlier reproductive ages and less investment in future opportunities. 
A ‘harsh’ environment is described as an environment with scarce resources, higher competition, 
and many pathogens or other threats, altogether often summed up in higher levels of mortality 
(Brumbach et al., 2009) or lower socioeconomic status (Griskevicius et al., 2013). Social factors, 
such as infant-parent attachment security, have also been found to affect life-history strategies 
(Belsky et al., 2010), and as such, they have been shown to predict children’s obesogenic behavior 
(Lamson et al., 2019). Applying life-history theory to eating behavior implies that in response to 
anticipated environmental scarcity or insecurity, currently available resources should be fully 
exploited and stored as ‘buffer fat’ (Insurance hypothesis, Nettle et al., 2017). Whilst the practical 
implications of these theories have been confirmed by a large meta-analysis, the effects only seem 
to hold up for women (Nettle et al., 2017). Nettle and colleagues (2019) show that childhood 
experiences and the current food insecurity interact to influence body weight and higher caloric 
consumptions. Potential proximate explanations come from neuroscientific studies which show 
that neighborhood deprivation alters children’s recruitment of motivational neurocircuits in an 
incentive-delay task (Mullins et al., 2020). These neurological responses could lead to higher 
impulsivity and more immediate resource use when compared to children from areas without 
deprivation. Lack of financial resources has been linked more directly to desire for food as well: 
desire for money links to higher caloric consumptions, and satiety to more financial generosity 
(Briers et al., 2006).


Life-history strategies can also be adjusted over time to fit a current situation (Vigil & Geary, 
2006), and even acute activation of thoughts on environmental harshness have been found to 
increase appetite, more specifically, appetite for high-caloric foods (Laran & Salerno, 2013). 
Similar approaches investigated food preferences and found increased desire for foods with higher 
energy density when participants were primed with scenarios of economic and social harshness 
(Swaffield & Roberts, 2015; cf. Theory of optimal foraging, see Lieberman, 2006). Furthermore, 
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both acute stress and baseline anxiety have been linked to variations in gustatory thresholds (Ileri-
Gurel et al., 2013), which might explain some of the above effects on a physiological level.


However, whilst the comparative studies investigating real life environments focused on 
differences between neighborhoods, and experimental studies artificially and briefly changed the 
context using psychological triggers, actual environmental changes over time and their influence 
on weight or eating behavior are still relatively unexplored.


Other factors: Sports, Sex and Stress

Environmental harshness and food insecurity are not the only factors contributing to weight gain. 
Independent of panic-purchases, shopping behavior in general has been linked to weight status, as 
obese individuals and those classified as in a healthy weight range respond differently to 
deprivation versus satiety when shopping (Nisbett & Kanouse, 1969). Another important 
contributor to body composition is physical activity, although the effects on overall weight gain 
can be positive or negative (Boyce et al., 2008, Fogelholm, 2000). Notably, exercising has not been 
unaffected by the COVID-19 pandemic either, as sport facilities closed in spring 2020 in many 
European countries (e.g. BSGPK, 2020; Dziennik Ustaw, 2020; MHCR, 2020; Ministerio de la 
Presidencia, 2020). More generally, eating behavior and weight is affected by stress (Geiker et al., 
2017; Michaud et al., 1990; Popper et al., 1989), and may thus be affected by a world-wide 
stressor such as the ‘corona-crisis’. However, feeding behavior is not equally affected by acute and 
chronic stress, nor do the same stressors elicit the same eating reactions in different individuals 
(Torres & Nowson, 2007). One factor that has been repeatedly linked to reduced stress resistance 
and general anxiety is low attachment security (Simpson & Rholes, 2017; cf. Simpson, & Belsky, 
2008), a pattern influenced by early life experiences that can extend well into adulthood (Hazan & 
Shaver, 1987). Thus, the perception of environmental stressors may interact with such 
expectations concerning the outcome and value of social interactions. Furthermore, social 
support, which may be partly restricted by curfews, helps coping with stress (Heinrichs et al., 
2003), and activating attachment stress led to higher caloric intake in both stress-eaters and stress-
undereaters (Emond et al., 2016). Similarly, threats to feeling of belonging induce differential 
preferences for ‘comfort food’ depending on attachment styles (Troisi et al., 2015). Sexual 
behavior, too, has been linked to both stress and body weight in humans, specifically, perceived 
weight status seems to interact with the amount of sexual activity (Akers et al., 2009; Leech et al., 
2012) and internal stress is known to cause sexual problems and lessened sexual desire 
(Bodenmann et al., 2006). In turn, sexual activity attenuates the effects of stress in other species 
under controlled experimental conditions (Retana-Márquez et al., 2014).


The current research

The COVID-19 pandemic in spring 2020 along with the diverging trajectories of pathogenic 
threat and stringency of governmental responses in European countries allows to examine the 
relationships between stressors such as worrying about resource shortage, financial threats and 
environmental harshness, as well as physical activity, attachment security and sexual activity on 
weight. The present study investigates participants from Austria, Poland, Spain and Czech 
Republic over seven weeks, precisely as curfews and other strict legal measures were implemented 
and phased out in these countries. Because these are complex interactions of different inter-
individual factors, they require analytical approaches that can capture such dependencies. To meet 
these requirements, we used machine learning models which aim for predicting weight changes 
from the above-mentioned factors in our cross-national sample. We hypothesized that our 
machine-learning models will learn to predict weight changes, and expect that the input factors 
‘food insecurity’, ‘hoarding behavior’, ‘perceived threat of the virus’, ‘change in physical exercise’, 
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‘environmental factors’ such as the stringency of governmental responses, and ‘spread of the virus’ 
have a predictive value.


METHODS


Details concerning procedure, analysis and variables have been described previously and are 
accessible online (see https://osf.io/db4px/; Eder et al., 2020, August 22; Eder et al., 2020, 
September 14).


Participants

Our final sample consisted of 468 adult participants (mean age= 30.74; SD age= 12.16; 344 
female), who repeatedly participated over a 7-week period (N= 1522 surveys). Cases with missing 
variables had to be excluded for the machine learning analyses. Our sample comprised 
participants from Austria (n= 167, mean age= 31.02; SD age= 12.22; 111 female), Poland (n= 
125, mean age= 26.24; SD age= 8.34; 109 female), Spain (n= 91, mean age= 34.50; SD age= 
13.95; 68 female) and Czech Republic (n= 44, mean age= 36.97; SD age= 15.93; 29 female). 
Additionally, 39 participants residing in other countries (Germany, United Kingdom, Ireland and 
Italy) filled in surveys (mean age= 25.47; SD age= 5.48; 28 female).


Procedure

For seven weeks, we sent out surveys via e-mail to participants who had been recruited over social 
media. They received no monetary incentives to participate in the study, but they were informed 
that their participation would be valuable for scientific research. They were also informed that 
they could drop out at any point. Self-reported weight and height was assessed at the beginning 
and the end of this period, whereas other variables (such as fear) were collected on a weekly basis. 
All communication with the participants took place in the national language of each country.


Timeframe and political situation

Administration of our surveys occurred during a phase when all observed countries had already 
implemented various measures to fight the spread of the virus and had varying case numbers of 
COVID-19. The first questionnaire was sent out to all participating countries during the week of 
March 16th to 22nd, and the final questionnaire was to be completed in the week of April 27th to 
May 3rd, 2020. The actual spread and effects of the virus, as well as the defensive measures taken to 
counteract the virus, differed between the observed countries. Importantly, this range allowed us 
to optimally examine the predictive validity of environmental features.


Variables

Due to the curfews in response to the pandemic, all data were collected as self-report measures. 
Our outcome variables, weight (reported in kilogram, as is habitual in health contexts) and height 
(reported in m and cm), were assessed at the beginning and end of the seven-week period. 
Additionally, participants were asked to fill in the Perceived Vulnerability to Disease Scale (PVD, 
Duncan et al, 2009) and the Experiences in Close Relationships Revised (ECR-R, Fraley et al, 
2000; Polish: Lubiewska et al, 2016; Czech: Cígler et al, 2019; Spanish modified from: Fernández-
Fuertes et al, 2011) at two different points in time (four weeks apart). If not available in a 
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country’s language, the questionnaire was translated by a native speaker and reviewed by another 
native speaker. We also collected data on perceived threat of the virus, perceived economic threat 
of the measures, perceived health, physical activity, sexual encounters, as well as demographic 
items such as sex, sexual orientation, relationship status, and country of residence.  For each week 
and country, we also included the stringency index describing the stringency of governmental 
measures as reported by Petherick et al. (2020), as well as confirmed cases and deaths per million 
citizens (Sources: Eurostat 2020; Hale et al., 2020).


Analysis

We fit linear (LASSO [least absolute shrinkage and selection operator], Tibshirani, 1996) and 
non-linear (ET [Extremely Randomized Trees], Geurts et al., 2006) machine learning models 
trying to predict change in weight over time. As a non-longitudinal follow up including more 
participants of the same sample, we apply the same models not to the change in weight over time, 
but to overall body weight (normalized by body height, similar to the often cited body-mass-index 
[BMI]). The models were evaluated with nested stratified cross-validation (90/10, 100 iterations 
each; Cawley & Talbot, 2010), controlling for participant ID to counteract subject cluster 
learning. These sensitive methods allow to efficiently include many input variables without the 
danger of over-fitting to the data, and the non-linear models are capable of capturing even 
complex interactions between multiple input variables if they exist. We compared the models’ 
performance to a trivial predictor, which uses the mean of all target variables for each prediction. 
To estimate the predictive value of the input features, we report the median permutation feature 
importance (PFI) for the better-performing model as the proportional loss of explained variance 
if the input is replaced by a random (non-informative) array of that variable (Breiman, 2001). This 
allows relatively confident statements even about the non-importance of an input factor.


Analyses were conducted in Python 3.7.7. (Scikit-learn 0.22.2., Pedregosa et al., 2011), IBM 
SPSS Statistics (version 25.0) and R (R Core Team, 2017).


RESULTS


Popular resources

37% of the participants in our sample reported to have made at least one ‘hamster-purchase’. In 
addition to hoarding food, 29.14% of the participants bought excessive amounts of drugs, and 
26.50% toilet paper.


Slight decrease in fear 
Over the course of the seven weeks, the fear of existential economic losses remained fairly stable, 
whereas there was a slight decrease in mean fear of the virus and fear of shortages in supply 
(Figure 2), possibly indicating habituation. Actual environmental changes over the course of the 
study are depicted in Eder et al. (2020, August 22).
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Figure 2: Over the course of the study, mean fear of the virus (green) and fear of shortages in 
supply (red) decreased, whereas the fear of existential economic losses (blue) remained fairly 
stable. Means and 95% confidence intervals depicted.




No systematic differences in weight

There were no significant overall differences in weight as reported at the beginning and the end of 
the lockdown (Mpre= 64.49, SDpre= 12.609, Mpost= 64.79, SDpost= 12.841, t(134)= -1.614, p= 
0.109). Nevertheless, there was inter-individual variation in the constancy of participants’ weight: 
55% of participants reported a change in weight of at least 1kilogram (22% a loss of weight, 33% a 
gain in weight).


Predicting changes in weight and overall weight

Inter-individual variation in weight change could not be predicted by our models better than by a 
trivial predictor (LASSO: R2avg= –0.24, p= 1; ET: R2avg= -.30, p= 1, Nparticipants=134, Ntrials= 732). 


We repeated our calculations including more participants with weight divided by height as a 
target variable. This target could not be predicted significantly better than with a trivial predictor, 
either, and the better performing model type would on average only have accounted for 3% of the 
variance in the data (LASSO: R2avg= 0.03, p = .056; ET: R2avg= –.03, p= .805, Nparticipants= 468, N 
trials= 957). Figure 3 further illustrates that none of the models fit the data well, and that even in 
the best-performing models only changes in the predictor physical activity had a predictive value 
slightly above zero. Thus, the variables included in our machine learning models such as the fear 
that there may be shortcomings in food supplies, hoarding behavior, existential threat, sexual 
activity or case counts do not help to predict weight or weight changes during the lockdown in 
unknown participants.
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Figure 3: Illustration of the model fit of linear (A,C) and non-linear (B, D) models predicting 
participants’ weight change (A, B) and weight/height ratio (C, D) by plotting predicted values in 
the testing sets against their true values: The closer the values lie to the red line, the better the 
prediction.(E) Boxplots of permutation feature importance the linear model predicting weight/
height ratio, depicting how much of the predicted variance is proportionally lost if a given feature 
is replaced by a random array of that feature (for categorical features, each category is listed). Only 
‘changes in exercising’ has a median predictive value slightly greater than zero.


DISCUSSION


Influences of food insecurity, environmental harshness and stress on body mass have been well-
documented (Nettle et al., 2017; Torres & Nowson, 2007). We hypothesized that worrying about 
resource shortage, hoarding behavior, loss of income and fear of the virus might be linked to 
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weight change during nationwide movement restrictions and curfews. However, our sensitive 
machine learning analyses did not reveal any effects that any of the included features and their 
interactions might have on weight change or weight/height ratio. This indicates that either (1) 
other features that were not included in our models might contribute most to interpersonal 
variance in our outcome variables, (2) the outcome measures weight change and weight/height 
ratio are not sensitive enough over such a short time span, or (3) weight in a sample of young 
adults is not affected by the effects of the pandemic. Notably, internet-based recruitment of 
participants can lead to less representative samples of the included countries.


Limitations of included features

Perceived threats to supply in food, both throughout life and acute, and harsh environmental 
conditions have been linked to heightened caloric consumption and weight gain (e.g. Dhurandhar, 
2016; Laran & Salerno, 2013; Nettle et al., 2019; Swaffield & Roberts, 2015). However, we find 
no link between weight or changes in weight and our measures of subjective food insecurity or 
environmental harshness, even if combined with other factors typically associated with body 
weight, such as physical activity (Boyce et al., 2008, Fogelholm, 2000). Furthermore, we included 
factors approximating the stress (cf. Geiker et al., 2017) triggered by the COVID-19 pandemic, 
namely the level of fear regarding the virus and threats by the restrictions, as well as factors that 
might modulate the relationship between stressor and stress response, such as social contact 
(Heinrichs et al., 2003), sexual behavior (Akers et al., 2009; Bodenmann et al., 2006) and 
attachment style (Emond et al., 2016; Simpson & Rholes, 2017). Contrary to our expectations, 
neither an individual variable nor the interaction of those variables was of predictive value to inter-
individual variations in weight and weight change in any of our model types. One explanation for 
this is that the variables mostly influencing body mass are not included in our models. More 
candidate features obtained in Laboratory settings or by observations over a longer period of time 
should be included in future exploratory studies, for example reward sensitivity (e.g. Demos et al., 
2012; Franken & Muris, 2005) and childhood experiences of scarcity (Nettle et al., 2019).


Of course, weight alone is no conclusive measure on body composition (see Rothmann, 
2008). We chose self-measured and self-reported overall body weight as the primary measurement 
because of its feasibility when investigating a large sample in times of curfews. Whilst self-reported 
weight has been shown to correlate with measured weight at an effect size of R= 0.97 in a large 
female sample, on average, weight was considerably underreported in that study (by 0.91 
kilogram) (Luo et al., 2019). Here, at least some of the potential inaccuracies in participants’ 
measurement of their own weight might have been mitigated by repeating the calculations with 
overall weight (a much higher figure) rather than the smaller changes in weight. Nevertheless, 
future studies relying on more meaningful methods such as body fat measurements (cf. Prentice, 
& Jebb, 2001) may yield more informative results when investigating the relations between 
environmental factors, subjective food insecurity and ‘buffer fat’.


Furthermore, one of our input features was the number of reported ‘hamster purchases’. 
However, when asked which items were bought in large quantities, around a third of the hamster-
buyers reported to have bought non-edible items such as drugs or toilet paper. This suggests that 
the amount of those purchases extends beyond food insecurity, and reasons to purchase large 
amounts of groceries may not be fear of shortages, but simply avoiding leaving the house more 
often than necessary in times of a pandemic. The shortcomings of our variable ‘hoarding-
behavior’ should, however, have been compensated by the variable directly asking for fear of 
shortcomings.
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No changes in weight during the curfews

We not only sought to predict variations in weight change, but altogether expected to find an 
influence of the pandemic and the unprecedented governmental regulations on weight in our 
sample.


However, we find no overall differences in body mass over the seven weeks. Thus, even if the 
‘corona-crisis’ elicited acute or chronic stress, it did not affect overall mass in our sample. This is 
not expected given the many findings that link stressful periods to changes in body mass (Sinha & 
Jastreboff, 2013; Torres & Nowson, 2007), although the observed time period may have not been 
enough to capture the transition from high stress to chronic stress despite the decrease in mean 
fear. Nonetheless, 55% of individuals do show changes in weight, and in different directions:  22% 
reported to have lost at least one kilogram, 33% had gained at least one kilogram.


Contrary to our hypotheses, food insecurity as well as actual and perceived environmental 
harshness could not explain these inter-individual differences, even though any notable 
differences between those groups should have been detected by our models. Importantly, our 
study deals with unique circumstances and is not immediately comparable to previous studies. 
Rather, our results shed light on relatively uninvestigated aspects of environmental harshness, 
stress and food insecurity. We investigate a less acute situation than the experiments by Laran and 
Salerno (2013), who demonstrate momentary shifts in appetite and preferences upon cues of 
environmental harshness; yet, our study spans a much shorter time period than studies focusing 
on mass development and caloric intake as a function of environmental harshness during 
development (Nettle et al., 2019). Therefore, our results provide insight on this middle ground 
and suggest that momentary changes due to triggers of scarcity are not enough to elicit actual 
changes in body mass. 


A possible interpretation of these results is that early experiences of harshness and scarcity 
seem to drive fast life-history strategies well into adulthood (Griskevicius et al., 2013; Nettle, 
2010), and, despite evidence for brief fluctuations (Laran &Salerno, 2013), they seem to be stable 
against these short-term changes.


Conclusion

In conclusion, this study investigated changes in body mass over several weeks in four European 
countries, and was conducted during a time when the COVID-19 pandemic presented a world-
wide stressor bringing about restrictions to autonomy and movement. Although the pandemic led 
to so-called panic-purchases at the beginning of the crisis, we found no evidence that hoarding 
behavior, subjective food insecurity or fear of the virus predict weight change or weight ratio. Our 
models do not significantly outperform a trivial predictor even if factors typically linked to body 
mass, such as exercising, are included. Our results indicate that reported acute changes in appetite 
and food preferences upon triggers of environmental harshness do not seem to influence 
individually acquired life-history strategies longer than for the moment, despite the continuous 
media coverage of the crisis. This is consistent with ideas that early experiences shape relatively 
stable life-history strategies. Future studies that take into account more informative outcome 
measures may help to clarify the influences of environment and subjective food insecurity on 
body composition in the light of flexible life-history strategies.
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