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ARTICLE INFO ABSTRACT

Keywords: The COVID-19 pandemic has had a profound impact on many people’s lives, including the use of bio-secure

A“Xiety_ environments to facilitate the continuation of professional sport. Although it is well documented that the

‘?\qussflon pandemic has negatively impacted mental health, the impact of bio-bubbles on mental health is yet to be
ellbeing

investigated. In the present study we sought to identify the impact of bio-bubbles on the mental health of those
residing within, and then to explore the underlying mechanism of any such impact. Individuals (n = 68) who
resided in England and Wales Cricket Board (ECB) created bio-bubbles between March 2020 and April 2021
provided data, regarding their time inside and outside of bio-bubbles, on measures of mental health and basic
psychological need satisfaction and frustration. Analysis revealed that bio-bubbles increased anxiety and
depression and reduced wellbeing. Additionally, MEMORE mediation analyses revealed that autonomy frus-
tration mediated the relationship between bubble status and all mental health markers. Furthermore, compared
to men, women were more likely to experience elevated levels of anxiety and depression inside the bubble. The
findings suggest that bio-bubbles negatively impact mental health and further suggest that satisfaction and
frustration of basic psychological needs is a contributing factor. Findings suggest organizations tasked with
creating bio-bubbles would do well to tailor their environment with an awareness of the importance of basic
psychological needs and sex differences in relation to mental health. To the best of our knowledge, this research
represents the first investigation of the impact of bio-bubbles on mental health.

Basic psychological needs
Sex differences

As a consequence of COVID-19, many countries around the world
entered into lockdown during 2020. To allow international cricket fix-
tures to be played during the pandemic and within consequent re-
strictions, the England and Wales Cricket Board (ECB) created bio-
secure bubbles (hereafter bio-bubbles); the first to be created in sport.
Many other sports subsequently adopted similar environments to enable
the continuation of competition. People entered the ECB bio-bubbles
after testing and completing a quarantine period to ensure that they
were not carrying COVID-19 and they then remained inside the bubble
without physical contact with the “outside world”. For such bubbles to
be effective, players, support staff, officials, and events management
were all required to remain within the bio-bubble throughout the event.
Friends and family were not permitted within the bubble and individuals
were not able to leave without going through a ‘bridging’ process
(quarantine period and testing) before re-entry. Given these restrictions,
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E-mail address: george.ely@bangor.ac.uk (G. Ely).
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in addition to the other pressures of elite sport (Woodman & Hardy,
2001), there was the potential for bubble inhabitants’ wellbeing to be
detrimentally affected. This research is an investigation of the impact of
such an environment on mental health. Specifically, we provide the first
exploration of how life in bio-bubbles influences mental health with a
concomitant examination of potential mechanisms. We also explore sex
differences in mental health markers in the ECB bubbles.

Early research suggested that COVID-19 could negatively impact
mental health on a global scale (Torales et al., 2020); a prediction that
has since been confirmed, with COVID-related estimated prevalence
rates of mental health issues significantly higher than pre-COVID norms
(Nochaiwong et al., 2021). For example, in the UK, anxiety and
depression levels increased from pre-COVID norms (Jia et al., 2020)
whilst subjective wellbeing decreased (Kwong et al., 2021). Although
increases in anxiety and depression were observed in both men and
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women, symptoms were higher for women than for men during the first
lockdown (Fancourt et al., 2020).

Within sport, early concerns regarding the impact of COVID-19 on
athlete mental health (Reardon, Bindra et al., 2021) have been actual-
ized across many studies. Depression (Pillay et al., 2020), anxiety
(Chandler et al., 2021), and sleep disruption (Chandler et al., 2021) all
increased. Research has also looked beyond prevalence. Facer-Childs
et al. (2021) suggested that changes to athlete sleep patterns were a
cause of increased depression and anxiety levels, and Pensgaard et al.
(2021) evidenced that financial concerns caused by the pandemic
contributed to increases in anxiety and depression. Given the initial
evidence that the pandemic negatively affected mental health for those
in sport, and that bio-bubbles were being proposed as a solution, the
current study looked to investigate the specific impact that these unique
environments would have on resident wellbeing.

Research suggests that bio-bubbles would negatively impact mental
health. For example, quarantine and isolation are known to negatively
impact mental health (Henssler et al., 2021). Additionally, living in a
bio-bubble for an extended period of time where close family and friends
are not permitted could potentially cause loneliness, which can
contribute to a range of health problems such as the development of
depressive symptoms (Cacioppo et al.,, 2010), anxiety (Hawkley &
Cacioppo, 2010), alcoholism, and aggressive behavior (Cacioppo et al.,
2015). Moreover, the many restrictions on day-to-day life likely results
in individuals experiencing low levels of autonomy, which has been
identified within the prison setting as contributing to poor mental health
(Awofeso, 2010). Whilst we are not suggesting bio-bubbles are like
prisons, the social distancing, isolation, and restricted movement invite
comparisons. Consequently, the possibility that bio-bubbles cause
loneliness, social isolation, and reduced autonomy leads bubbles to have
the potential to exert a significant negative impact on mental health.

With the aforementioned issues in mind, in this study we examined
how mental health is impacted by residing in a bio-bubble. We focused
on anxiety, depression, and subjective wellbeing as measures of mental
health. Measuring anxiety and depression allowed us to quantify the
prevalence of two common mental health problems in a new environ-
ment which was being proposed as the solution to the continuation of
elite sport during the pandemic. Additionally, focusing on these aspects
allowed us to add to the aforementioned research regarding the mental
health of athletes during COVID-19, which has largely focused on anx-
iety and depression. Further, as mental health is not merely the absence
of mental illness (Westerhof & Keyes, 2010), measuring subjective
wellbeing also provides insight into mental health. Due to the multitude
of reasons that bio-bubbles might negatively impact mental health and a
scarcity of evidence suggesting anything otherwise, we hypothesized
that being within bio-bubbles would increase anxiety and depression
symptoms and reduce wellbeing.

1. Basic psychological needs and their impact on mental health

A cornerstone of Self Determination Theory (SDT; Deci & Ryan,
2000; Ryan & Deci, 2000) is that the satisfaction of three basic psy-
chological needs (BPN; autonomy, competence, relatedness) is a sine
qua non of human thriving (Deci & Ryan, 2000). Conversely, the frus-
tration of these BPN results in maladaptive functioning (Vansteenkiste &
Ryan, 2013). For example, whilst the experience of connection and in-
timacy with others satisfies the need for relatedness (Ryan, 1995), need
frustration refers to instances where these needs are actively thwarted
(Chen et al., 2015). Thus, a lack of intimacy would be regarded as low
need fulfilment whilst feelings of loneliness or relational exclusion
would be regarded as the need being frustrated (Chen et al., 2015).

Contextualizing satisfaction and frustration of BPN in the prediction
of mental health, Chen et al. (2015) found that BPN satisfaction exclu-
sively predicted subjective wellbeing whilst BPN frustration predicted
immediate ill-being. Studies have previously revealed a relationship
between BPN frustration and mental health in athletes (Bartholomew

Psychology of Sport & Exercise 68 (2023) 102447

et al., 2011) and have also shown that long-term thwarting leads to the
development of maladaptive behaviors, such as alcohol use, which in
turn contributes to ill-being (Vansteenkiste & Ryan, 2013).

Given that part of the impact of bio-bubbles on mental health is likely
to be the forced separation from close family and a lack of control over
actions, thwarting of BPN is likely to act as a mechanism for the effect of
bio-bubbles on mental illness. Additionally, aligning with the findings of
Chen et al. (2015), changes in wellbeing are likely attributable to BPN
satisfaction. Consequently, we hypothesized that BPN satisfaction would
mediate the negative relationship between being in a bio-bubble and
subjective wellbeing and that BPN frustration would mediate the posi-
tive relationship between being in a bio-bubble and anxiety and
depression.

2. Sex differences

A pre-COVID investigation of mental health in the UK (McManus
et al., 2016) found that symptoms of common mental disorders (CMD),
including but not exclusively referring to depression and anxiety, were
more prevalent for women (19.1%) than for men (12.2%). Women are
twice as likely as men to suffer from anxiety or depression as an affective
disorder (Altemus et al., 2014) and are more likely to experience anxiety
and depression at a sub-clinical level (Hankin, 2009). During the
COVID-19 pandemic, research revealed that lockdown measures
magnified women’s greater susceptibility to mental health problems
(see Kwong et al., 2021). This aligns with research conducted prior to
the pandemic regarding the effects of quarantining in hospital. Specif-
ically, whilst quarantined, women were at greater risk of suffering from
depression and were more likely to experience general mental health
impairments (Henssler et al., 2021). As such, women may be more
affected than men by bio-bubbles.

In summary, the aim of this study was to investigate whether bio-
bubbles have a negative impact on mental health. Based on research
conducted in similar environments (hospitals, prisons) and our pre-
dictions regarding BPN, we hypothesized that anxiety and depression
would increase inside the bubble and that wellbeing would decrease
inside the bubble. Following Chen et al. (2015), we also hypothesized
that the frustration of autonomy, competence, and relatedness would
mediate the relationship between bubble status (in or out) and anx-
iety/depression, and that the satisfaction of autonomy, competence, and
relatedness would mediate the relationship between bubble status and
wellbeing. Finally, we hypothesized that sex would moderate the rela-
tionship between bubble status and anxiety, depression, and wellbeing.
Specifically, given that women are more likely than men to experience
psychological impairments when quarantined (Henssler et al., 2021), we
hypothesized that women would have significantly higher anxiety and
depression and significantly lower wellbeing inside the bubble.

3. Method
3.1. Participants

The sample size was governed by resource constraints (cf. Lakens,
2021). Specifically, the applied implications of possible findings meant
completing this research in a timely manner was of importance and
prolonging the data gathering period to possibly increase sample sizes
was not possible. Additionally, the population from which a sample
could be gathered was relatively small. Individuals were eligible if they
had spent time in at least one of the bio-bubbles associated with the
England and Wales Cricket Board (ECB) between March 2020 and April
2021 and were 18 years old or older. Only individuals whose contact
information was held by the ECB were invited to participate. Sixty-eight
participants (Mage = 37.88, SD = 10.52; men = 36, women = 31, un-
disclosed = 1) out of a possible 148 completed the survey. The sample
comprised players (n = 19), coaches (n = 11), medical staff (n = 11),
other team-specific staff (n = 9), events management (n = 8), umpires (n
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similar method to that of Rammstedt and John (2007) and analyzed the
factor structure of the shortened BPNSFS to determine whether our item
pairs represented the full questionnaire from which they were derived
(see Rammstedt & John, 2007). Confirmatory Factor Analysis (CFA)
confirmed that the item pairs for basic psychological need satisfaction
and frustration had the same factor structure as the BPNSFS. We ob-
tained substantial mean loadings on the intended factor (mean loading
= 0.73) and negligible loadings on each of the five unintended factors
(loadings less than 0.19). All items were scored on a five-point Likert
scale from 1 (completely untrue) to 5 (completely true).

3.3. Procedure

Following institutional ethical approval, prospective participants
were invited via email to complete an online survey (Qualtrics, 2011).
The survey was disseminated on February 12th’ 2021 and available for
completion until April 14th’ 2021. The time between a person residing
within a bubble and their taking the survey varied across participants.
Specifically, 30 participants reported spending time in bio-bubbles only
in the UK during the summer of 2020, 38 participants were in later
bubbles (tours abroad during the UK winter), or completed the survey
whilst in a bio-bubble. Participants who had experienced multiple
bubbles (27 participants were in the UK summer bubbles and part of
various touring parties abroad during the 2020-2021 winter) were
asked to aggregate their responses (see below for more detail).

After providing informed consent and their mental health code (see
Referral section for more details of this code), participants completed a
series of demographic questions regarding age, sex, team within the
bubble, ethnicity, relationship status, parental status, longest amount of
time spent in a bio-bubble, role in the bubble, bio-bubbles of which they
had been part, and whether they were in a bubble at the time of survey
completion. Following the demographics, participants completed the
PHQ-9, the GAD-7, the WHO-5, and a reduced version of the BPNSFS.
We changed the stem to all questionnaires so that individuals were
specifically asked about their time inside bio-bubbles. Following each
item, to assess their out-of-bubble experience, individuals were asked to
compare their in-bubble answer to their experience outside of the bub-
ble since the pandemic began (March 2020). This was done using a five-
point Likert scale from I have experienced this a lot less to I have experi-
enced this a lot more. For example, for the first item of the PHQ-9, in-
dividuals were asked how often during their time in-the-bubble they had
“little interest or pleasure in doing things” and responded using a four-
point Likert scale ranging from not at all to nearly every day. Inmediately
after this Likert scale they were presented with another Likert scale, this
time asking them whether they had experienced “little interest or
pleasure doing things” out of the bubble a lot more, a little more, the same,
a little less or a lot less than they had in-the-bubble (see Supplementary
Information 1 for visual representation of how this was formatted). We
deemed this approach the most efficient method of gathering retro-
spective data for two conditions. It minimized the time taken to com-
plete the survey, aided memory recall, and actively encouraged
comparison between the two conditions. Additionally, when conducting
preliminary analysis, this dual Likert scale acted as a form of attention
checking (see Results section for more details). When completing both
the in-bubble and out-of-bubble portions of an item, participants were
instructed to aggregate their experiences and refer to their total time
inside and outside of bubbles, respectively. This aggregation meant it
did not matter whether people were inside or outside of a bubble when
completing the survey (which was varied) and allowed us to include past
bubbles within our research.

We used this comparison process to create out-of-bubble scores for
each individual for every item. For example, if a participant scored 3 for
the in-bubble response to a particular item, and then answered the out-
of-bubble item with I have experienced this the same, their out-of-bubble
score for that item would also be 3. However, if they answered, I have
experienced this a little more, or, I have experienced this a lot more, their out
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of bubble score for that item was scored at 4 or 5, respectively (i.e., one
and two more than their in-bubble score for the item, respectively).
Conversely, if participants answered, I have experienced this a little less or
I have experienced this a lot less, then their out-of-bubble value was scored
at 2 and 1, respectively. If it was not possible to score two points less
than their in-bubble score, they scored one point less. If it was not
possible to score one point less (e.g., if the response was not at all) then
their out-of-bubble score was the same as their in-bubble score - zero.
Scores generated from the comparative out-of-bubble Likert scale could
not be below zero or exceed the maximum limit possibly scored on the
item in the original questionnaire (e.g., the PHQ-9 has a top score of
three on each item; see Supplementary Information 1 for a scoring
example).

3.4. Data analysis

We used Mplus (Version 8; Muthén & Muthén, 1998 - 2017) to
conduct the previously discussed CFA. We analyzed all other data using
the Statistical Package for the Social Sciences (SPSS, Version 27).
Additionally, to test the mediating role of BPN we used the MEMORE
macro designed to test mediation in repeated measures designs (V2.1;
Model 1; Montoya & Hayes, 2017). Prior to analysis, we checked all data
for missing values and outliers and examined means and standard de-
viations for demographic information. We analyzed Alpha coefficients
for the in-bubble scores of the PHQ-9, GAD-7, and WHO-5. We also
conducted paired samples t-tests to examine the difference between
in-and-out of bubble scores. As noted, we used the MEMORE macro,
designed to test mediation in repeated measures designs, to test whether
basic psychological needs satisfaction or frustration mediated the rela-
tionship between bubble status (out, in) and mental health markers
(anxiety,  depression,  wellbeing). @ MEMORE allows the
within-participant change in variables (e.g., autonomy satisfaction)
between two conditions (e.g., being inside and outside of a bio-bubble)
to be used as a mediator of within-participant change in an outcome
variable (e.g., anxiety), thus enabling mediation analysis with repeated
measures data. For each outcome variable we ran two models, one
containing the BPN satisfaction variables as the mediators and another
containing the BPN frustration variables as the mediators. We used 10,
000 bootstrap samples to compute 95% confidence intervals (CI). An
effect was significant if the CI did not encompass zero.

We used repeated measures multivariate analysis of variance
(MANOVA) to assess whether sex moderated the relationship between
bubble status (in, out) and mental health. Alpha levels of 0.05 were used.
2 x 2 repeated measures analysis of variance (ANOVA) further investi-
gated the effect for specific mental health markers, with follow-up
paired samples Bonferroni-adjusted t-tests.

3.5. Referral

Although research was the primary aim of this data collection, the
study provided an opportunity to identify individuals who might need
support. To make this support process possible, we pseudo-anonymized
participants’ data. Specifically, we gave prospective participants a
unique code that they inputted at the beginning of the survey. Only the
ECB employee who created the codes, the same person who distributed
the survey, had access to the document linking codes to individuals. This
ECB employee did not have access to the data. If a participant met
referral criteria, an automatic email stating which referral criterion had
been met was sent from the survey-hosting platform to the aforemen-
tioned ECB employee who then referred the individual for appropriate
clinical support. Referral criteria and protocol for making a referral were
devised by a governance group (consisting of medical personnel and
mental health professionals), which was established by the ECB.
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4. Results
4.1. Data screening and preliminary analysis

The out-to in-bubble comparison response provided a form of
attention check that we used to screen the data. For example, we
removed participants if they responded to an item in such a way as to
indicate that they had experienced a symptom of mental illness (anxiety
or depression) not at all whilst inside the bubble, but then claimed that
they had experienced this symptom a little less whilst outside the bubble.
We removed seven participants who provided invalid responses.
Descriptive statistics and Pearson correlations are presented in Table 1.

4.2. The impact of bio-bubbles

As hypothesized, paired samples t-tests revealed that anxiety, t(60)
= 5.45, p < .001, d = 0.70, and depression were significantly higher
inside the bubble, t{(60) = 4.50, p < .001, d = 0.58. Also, wellbeing was
significantly lower inside the bubble, t(60) = 3.52, p = .001, d = 0.45
(see Table 1).

4.3. Basic psychological needs

To test the hypothesis that basic psychological needs (BPN; auton-
omy, competence, relatedness) satisfaction and frustration would
mediate the relationship between bubble status (out, in) and mental
health markers (anxiety, depression, wellbeing), we conducted multiple
mediation analyses.

4.3.1. The effect of basic psychological needs frustration on the bubble
status-anxiety relationship

As depicted in Fig. 1.1, there was a significant positive indirect effect
of bubble status on anxiety via autonomy frustration (indirect effect =
1.14, SE = 0.36, 95% CI [0.60, 2.01]). Bubble status was positively
associated with autonomy frustration (B = 1.08, SE = 0.18, 95% CI
[0.71, 1.45]), and autonomy frustration was positively associated with
anxiety (B = 1.05, SE = 0.26, 95% CI [0.54, 1.57]). There was no sig-
nificant indirect effect of bubble status on anxiety via competence
frustration (B = 0.35, SE = 0.24, 95% CI [-0.07, 0.84]) or via relatedness
frustration (B = —0.14, SE = 0.15, 95% CI [-0.47, 0.15]). Interestingly,
despite the nonsignificant indirect effect via competence frustration,
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examination of the separate effects indicated that bubble status was
significantly (and positively) associated with competence frustration (B
=0.43, SE =0.14, 95% CI [0.16, 0.71]) and competence frustration was
significantly (and positively) associated with anxiety (B = 0.81, SE =
0.37, 95% CI [0.06, 1.55]). Bubble status was associated with related-
ness frustration (B = 0.42, SE = 0.14, 95% CI [0.14, 0.69]) but there was
no association between relatedness frustration and anxiety (B = —0.33,
SE = 0.30, 95% CI [-0.94, 0.28]). The separate effects from bubble status
to mediator reported in this model are the same for all models investi-
gating bubble status on outcomes via BPN frustration and so are not
reported further. The direct effect of bubble status on anxiety was sig-
nificant (B = 1.11, SE = 0.41, 95% CI [0.29, 1.93].

4.3.2. The effect of basic psychological needs frustration on the bubble
status-depression relationship

There was a significant positive indirect effect of bubble status on
depression via autonomy frustration (indirect effect = 1.58, SE = 0.51,
95% CI [0.81, 2.82], see Fig. 1.2). Examination of the separate effects
revealed a positive association between autonomy frustration and
depression (B = 1.46, SE = 0.36, 95% CI [0.74, 2.18]). There was no
significant indirect effect of bubble status on depression via competence
frustration (B = 0.31, SE = 0.27, 95% CI [-0.19, 0.86]) or via relatedness
frustration (B = —0.20, SE = 0.20, 95% CI [-0.63, 0.20]). Separate ef-
fects revealed no significant relationship between competence frustra-
tion (B = 0.71, SE = 0.52, 95% CI [-0.33, 1.75]) or relatedness
frustration (B = —0.47, SE = 0.42, 95% CI [—1.32, 0.37]) and depres-
sion. The direct effect of bubble status on depression was nonsignificant
(B = 0.83, SE = 0.57, 95% CI [-0.32, 1.97]).

4.3.3. The effect of basic psychological needs frustration on the bubble
status-wellbeing relationship

As depicted in Fig 1.3, there was a significant negative indirect effect
of bubble status on wellbeing via autonomy frustration (indirect effect
= —1.35, SE = 0.46, 95% CI [—2.43, —0.63]). Examination of the
separate effects revealed an association between autonomy frustration
and wellbeing (B = —1.25, SE = 0.41, 95% CI [-2.07, —0.43]). There
was no significant indirect effect for bubble status on wellbeing via
competence frustration (B = —0.15, SE = 0.29, 95% CI [-0.73, 0.44]) or
for relatedness frustration (B = 0.33, SE = 0.25, 95% CI [-0.12, 0.88]).
Separate effects revealed no association between competence frustration
(B = —0.34, SE = 0.59, 95% CI [—1.53, 0.85]) or relatedness frustration
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Fig. 1. Multiple Mediation Models. 1.1. Bubble status on anxiety via basic psychological needs (BPN) frustration (upper left quartile); 1.2. Bubble status on
depression via BPN frustration (upper right quartile); 1.3. Bubble status on wellbeing via BPN frustration (lower left quartile); 1.4. Bubble status on wellbeing via BPN
satisfaction (lower right quartile). * Confidence intervals that did not encompass zero indicating significance (p < .05).
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(B = 0.80, SE = 0.48, 95% CI [-0.16, 1.76]) and wellbeing. The direct
effect was nonsignificant (B = —0.82, SE = 0.65, 95% CI [—2.12, 0.49]).

4.3.4. The effect of basic psychological needs satisfaction on the
relationship between bubble status and mental health markers

There was no significant indirect effect of bubble status on anxiety,
depression, or wellbeing via autonomy satisfaction, competence satis-
faction, or relatedness satisfaction (see Supplementary Table 2). How-
ever, there was a significant total indirect effect of bubble status on
wellbeing via autonomy satisfaction, competence satisfaction, and
relatedness satisfaction (total indirect effect = —1.00, SE = 0.48, 95% CI
[—2.00, —0.144]; see Fig. 1.4). For all three models concerning BPN
satisfaction, examination of the separate effects indicated that bubble
status was negatively associated with autonomy satisfaction (B = —0.58,
SE = 0.12, 95% CI [-0.88, —0.29]) and relatedness satisfaction (B =
—0.83, SE = 0.21, 95% CI [—1.25, —0.41]) but not competence satis-
faction (B = —0.22, SE = 0.12, 95% CI [-0.45, 0.02]). There was no
association between any aspect of need satisfaction and anxiety,
depression, or wellbeing (see Supplementary Table 3). There was a
significant direct effect of bubble status on anxiety (B = 1.95, SE = 0.48,
95% CI [0.98, 2.92]) and depression (B = 1.59, SE = 0.63, 95% CI [0.33,
2.84]) but no significant direct effect of bubble status on wellbeing (B =
—0.98, SE = 0.63, 95% CI [—2.25, 0.29]).

4.4. Sex differences

There was a significant multivariate interaction between sex and
bubble status, Fo 56 = 5.14, p < .01, np2 = 0.15; Wilks” A = 0.85. To
probe this omnibus effect, we conducted 2x2 repeated measures analysis
of variance for each of the mental health markers, which yielded sig-
nificant interactions for anxiety, (Fy s = 6.99, p = .01, r]p2 =0.11, see
Fig. 2), and depression (F; 55 = 9.00, p < .01, np2 = 0.13, see Fig. 2).
Follow-up paired sample Bonferroni-adjusted t-tests revealed that being
in the bubble had a greater detrimental effect on mental health for
women than for men, consistent with the hypotheses. Regarding well-
being, there was a significant main effect for sex, F; 53 = 5.97, p < .05,
T]p2 =0.09, and for bubble status F; 5s = 14.73, p < .001, np2 =0.20, and
no interaction. WHO-5 scores were significantly lower for women (M =
14.41, SD = 5.01) than for men (M = 16.84, SD = 4.88) and were
significantly higher outside of the bubble (M = 16.50, SD = 4.41) than
inside the bubble (M = 14.47, SD = 5.67). See Supplementary Table 4
for means, standard deviations, and follow-up tests.

5. Discussion

The aim of the present study was to investigate the effect of bio-
bubbles on mental health. We found that anxiety and depression
significantly increased inside the bubble and that wellbeing significantly
decreased. We also found support for basic need frustration and
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satisfaction as mediators of this relationship. As hypothesized, auton-
omy frustration significantly mediated the relationship between bubble
status and anxiety and depression whilst autonomy satisfaction,
competence satisfaction, and relatedness satisfaction collectively medi-
ated the relationship between bubble status and wellbeing. Additionally,
autonomy frustration significantly mediated the relationship between
bubble status and wellbeing, which was not hypothesized. Sex moder-
ated the relationship between bubble status and anxiety and depression,
as hypothesized. Conversely, sex did not moderate the relationship be-
tween bubble status and wellbeing.

5.1. Impact of bio-bubbles on mental health

Some research has suggested that the return to sport during the
pandemic might positively impact mental health (Grimson et al., 2021;
Pillay et al., 2020). The data from the present study revealed that being
in a bio-bubble had a substantial negative effect on mental health.
Although a return to sport is a step toward pre-pandemic norms and
sport participation benefits wellbeing (Silva et al., 2020), a return to
sport facilitated by bio-bubbles creates a plethora of additional stressors,
which are not typically associated with elite sport (Woodman & Hardy,
2001). Further, for bio-bubbles to exist, people other than athletes (e.g.,
support staff) have to reside in them. For these non-players, it is possible
that bio-bubbles simply create stressors that are additional to the typical
touring stressors, and without the positive benefits of sport participa-
tion. For example, in the present study, medical staff had to monitor
adherence to social distancing measures — something they were only
tasked with because they were in bubbles. As sample constraints in the
present study made investigating such differences not viable, future
research concerning restrictive environments may wish to explore
possible differing impacts due to role (e.g., athlete or non-athlete).
Regardless, these results demonstrate that bio-bubbles can negatively
impact mental health and therefore indicate that bio-bubbles should be
used with caution and only when the threat of not residing within a
bio-secure environment outweighs the potential detrimental impact of
bio-bubbles on mental health.

5.2. The influence of basic psychological needs on mental health

Autonomy frustration emerged as the predominant mediating vari-
able. As we hypothesized, autonomy frustration mediated the relation-
ship between bubble status and anxiety and depression. However, it also
mediated the relationship between bubble status and wellbeing. This
finding aligns with Awofeso’s (2010) suggestion that the lack of au-
tonomy within the prison setting is a cause of mental health problems for
prisoners. This finding suggests that autonomy, as it pertains to the
frustration of needs, plays a more central role for mental health than do
the needs for competence and relatedness. This suggestion is also sup-
ported by Glendinning et al. (2021), who found that the importance of
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Fig. 2. 2.1. The relationship between bubble status and anxiety is moderated by sex (left graph); 2.2. The relationship between bubble status and depression is
moderated by sex (right graph). *A significant change from out-of-bubble to in-bubble score.
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autonomy, competence, and relatedness varied for individuals in certain
circumstances, and that satisfying the most important basic need had the
strongest effects on subsequent wellbeing. Thus, it is possible that those
who had the strongest need for autonomy were most affected by
bio-bubbles. Specifically, our findings and those of Glendinning et al.
suggest that if a person’s strongest need is for autonomy, their mental
health is likely to be most affected by bio-bubbles. However, those
whose strongest need is for competence or relatedness may still have
been able to satisfy their strongest need and consequently bio-bubbles
may have had a limited impact on their mental health. Such a propo-
sition would be worthy of future investigation.

More broadly, our findings regarding BPN frustration support
research regarding the impact of need-thwarting environments (Van-
steenkiste & Ryan, 2013). Research has predominantly focused on
children within these settings (e.g., Joussemet et al., 2008) and the
long-term impact of continuous BPN frustration. However, the present
research demonstrates that environments indicative of need thwarting
may also have immediate negative implications for mental health in
adults. Although bio-bubbles are uncommon habitual environments, the
present findings clearly indicate that need-thwarting environments can
have a significant negative impact on mental health. As such, re-
searchers would do well to investigate the impact of need-thwarting
climates on mental health in more common environments both inside
(e.g., World Cups, Olympics) and outside (e.g., school, workplace) of
sport.

Chen et al. (2015) previously found that frustration of BPN exclu-
sively predicted ill-being and satisfaction of BPN exclusively predicted
wellbeing. However, we also found an association between BPN frus-
tration and wellbeing. It is possible that this finding may be due to the
unique setting of bio-bubbles or the context within which they were
created. It is important to remember that these bio-bubbles were created
in a time where the outside landscape was atypical; that is, most of the
sample’s nation (i.e., the UK) was in lockdown and the pandemic pre-
sented many challenges and uncertainties. Regardless, the findings
suggest that BPN frustration may predict wellbeing as well as ill-being in
certain circumstances. As such, further exploration regarding BPN
frustration and wellbeing is warranted.

5.3. Sex differences

Our findings regarding sex differences in the experience of mental
health problems inside the bubble partially supported our predictions.
Women showed substantially greater increases in anxiety and depres-
sion when inside the bubble compared to out and generally had lower
wellbeing than men. Collectively, these findings are supportive of
research regarding sex differences experienced during the COVID-19
pandemic (Kwong et al., 2021) and before (McManus et al., 2016). It
has been suggested that one of the reasons women are more likely to
experience anxiety or depression is their increased sensitivity to things
such as separation and isolation (Altemus et al., 2014). Given that the
purpose of a bio-bubble is to create separation and isolation (on a
physical level), it is thus perhaps unsurprising that women’s mental
health displayed a greater susceptibility to these bio-bubble environ-
ments. Separation and isolation certainly seem to be strong mediator
candidates for further exploring our understanding of the causes of sex
differences in mental health.

5.4. Applied implications

Applied implications abound from this study. First, the decision to
use bio-bubbles to facilitate the continuation of events would clearly
benefit from considering the potential impact of such environments on
mental health. The balance of such decision-making processes is a fine
one. For example, organizations may need to balance the potentially
harmful mental health effects of a bio-bubble environment with the
alternative risks of not residing in a bio-bubble (e.g., catching a virus or
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not playing sport, which carries its own concomitant potential detri-
mental effects on mental health). Second, if residing within bubbles is
deemed necessary, then our findings suggest that mental health needs to
be monitored, with appropriately trained individuals on hand to provide
support. Third, the extent to which a bio-bubble meets or frustrates basic
psychological needs (BPN) may play a pivotal role in reducing the
negative impact that bubbles might have on mental health. Thus, if bio-
bubbles are seen as a necessary precaution, we suggest that those tasked
with creating the bubble consider how the environment can be devel-
oped to allow those within the bubble to satisfy their psychological
needs, and to explore ways in which need frustration can be prevented,
on an induvial-by-individual basis (see Glendinning et al., 2021).
Finally, in the present study, women were more at risk than men of
suffering from anxiety or depression as a result of residing within a
bio-bubble. However, men’s health was also affected by being in the
bio-bubble. We suggest that those creating and monitoring future bub-
bles be conscious of sex differences in relation to the mental health
consequences of bio-bubbles and provide tailored support where
needed.

The unique socio-cultural climate that led to the creation of bio-
bubbles suggests that generalizing the present findings should be done
with caution. Nonetheless, it is possible that similar environments exist
beyond those associated with the COVID-19 pandemic. Specifically,
within sport, international events such as tours, World Cups, and the
Olympics/Paralympics require people to reside in artificially-created
environments for a sustained period of time. Although each environ-
ment is different and the context within which people enter is unique to
them, the common trait of all these environments is they are often
foreign to the residents and there are often restrictions on movement
outside of hotels or training bases. This lack of familiarity and any
associated restriction on movement may also be need thwarting, which,
as evidenced within our research, can significantly impact mental
health. Consequently, the points raised regarding the applied implica-
tions of this research may also be applicable to more common sporting
environments as well as other potentially need-thwarting settings. Given
this potential generalizability and the significant decreases in people’s
mental health, empirical research is certainly required to examine
whether settings such as sporting tours abroad have a similarly detri-
mental impact on mental health and wellbeing.

It is important to note that the England and Wales Cricket Board
(ECB) commissioned this research with a view to understanding the
impact of bio-bubbles on the mental health of its members with a view to
implementing learnings for the benefit of all players and staff. Such an
initiative is itself clearly positive. Equally, the rules surrounding bio-
bubbles (e.g., social distancing, family not being allowed to enter) are
such that they remove autonomy. As such, it will be an ongoing chal-
lenge for all organizations to work within the societal, government, and
sporting regulations while also attempting to optimize the mental health
of its members. Allowing greater flexibility on the bio-bubble rules is a
parsimonious implication of the current data, and the ECB have already
made many changes in light of the present findings. Such a stance is a
clear step forward for the mental health of ECB members. Equally, the
risk of contracting a physical disease such as COVID-19 is a clear health
risk of such a strategy and all organizations would do well to balance
such risks and benefits in this way. We view the ECB’s position as
constructively evolutionary by shining a light on its members’ mental
health during a global pandemic and beyond.

5.5. Limitations

It would clearly have been preferable to collect data from partici-
pants in a prospective repeated-measures in- and out-of-bubble frame-
work. However, due to the nature of the COVID-19 pandemic and the
subsequent implementation of bio-bubbles, a reflective approach to data
collection was the only method possible for the present study. To limit
the possible negative impact of the approach taken, we asked
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participants to think carefully about their experience as a whole and
gave them as much time as they needed to complete the survey.
Although asking them to think about all their bubble experiences
allowed us to gather data for multiple bubbles, comparison between
bubble environments (which were not identical) may have added
contextual relevance. Furthermore, we invited direct in- and out-of-
bubble comparisons and we were able to identify and remove in-
dividuals who gave answers that were not possible, possibly caused by
memory recall issues. Even if such a limitation impacted the in- and out-
of-bubble differences, they would not explain the mediation of basic
psychological needs or indeed the sex differences. Finally, we reduced to
item pairs each construct of the Basic Psychological Need Satisfaction
and Frustration Scale, which one might view as a limitation despite the
retained factor integrity across the scales. Nonetheless, given the clear
importance of psychological need satisfaction/frustration, future
research would benefit from retaining complete measures when
assessing BPN.

5.6. Conclusion

To the best of our knowledge, the present study is the first investi-
gation of the impact of bio-bubbles on mental health. Using established
measures of anxiety, depression, and wellbeing, this study has identified
bio-bubbles as a potential risk to mental health and has laid the foun-
dation for future research in the specific domain of bio-bubbles and
other domains where psychological needs might be compromised (e.g.,
tours, large events). Basic psychological needs appear to be key mech-
anisms for explaining the relationship between bubble status and mental
health, offering guidance to policy makers and those wishing to create
interventions aimed at mitigating the unintended risk of bio-bubbles and
isolating environments. Additionally, women were identified as
suffering from greater increases in depression and anxiety inside the
bubbles, which requires careful consideration in preparing and moni-
toring isolating environments.
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