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Abstract
Purpose  The COVID-19 pandemic brought with it significant social, economic and health uncertainties. These were pro-
posed to impact young people more compared to adults, leading adolescents to report more mental health problems during 
the pandemic. The current study examined whether differences in cognitive risk (tolerance of uncertainty) and protective 
(psychological flexibility) factors accounted for age-related differences in depression and anxiety.
Methods  These associations were investigated in the COVID-19 Risks Across the Lifespan (CORAL) cohort (N = 2280, 
11–89 years).
Results  The results showed that adolescents experienced greater intolerance of uncertainty and lower psychological flexibility 
compared to adults and older adults. Tolerance of uncertainty did not account for age-related differences in depression or 
anxiety. However, psychological flexibility conferred more protective advantage for anxiety in adults compared to adolescents.
Conclusion  The observed age-related differences in risk and protective factors advance our understanding of developmental 
vulnerabilities to depression and anxiety. Implications for mental health interventions in the context of future pandemics 
are discussed.
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Introduction

The COVID-19 pandemic had global health, economic and 
social impacts. Its stressors were accompanied with global 
increases in mental health problems [1], especially in adoles-
cents (10–24 year-olds; [2]), who reported higher depression 
and anxiety symptoms compared to adults [3] and children 
[4]. In contrast, older adults reported lower depression and 
anxiety compared to younger adults, despite perceiving 
greater risk of death from a potential COVID-19 infection 
[5, 6]. Identifying risk factors (e.g., intolerance of uncer-
tainty; IU) and protective factors (e.g., psychological flex-
ibility; PF) that contribute to these age-related differences 
in the mental health impacts of the pandemic is critical to 

inform mental health interventions for potential future dis-
ease outbreaks.

Intolerance of uncertainty and mental 
health across the lifespan

A global pandemic raises uncertainties across domains 
including health, such as virus severity, long-term health 
impacts and vaccine availability and efficacy, along with on-
going economic and social uncertainty. Individuals vary in 
their capacity to tolerate uncertainty. High IU, the tendency 
to react negatively at a cognitive, affective and behavioural 
level in response to uncertainty, is a transdiagnostic risk fac-
tor for mental health problems [7]. During the pandemic, 
high IU was associated with increased mental health prob-
lems in children and adolescents [4], adults [8, 9], and older 
adults [10, 11]. However, it is unclear whether IU differen-
tially impacts mental health across the lifespan.

IU changes across development. The decrease in IU from 
adulthood to older age [12] is supported by the dual-process 
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framework of aging, which suggests that older adults toler-
ate uncontrollability well because they are used to adapting 
to functional losses, such as cognitive and health decline 
[13]. Thus, low IU in older adults may partially account for 
their relatively good mental health during COVID-19. Like 
older adults, adolescents show less behavioural avoidance of 
uncertainty compared to adults [14, 15] and greater readi-
ness to explore uncertain environments [16]. This greater 
exploration of, and exposure to, uncertain environments is 
proposed to confer benefit later in development [17]. How-
ever, this appears in direct contrast with the greater mental 
health impact which high uncertainty during the pandemic 
had on adolescent mental health [18]. A possible account 
for this apparent paradox is that, despite a developmental 
readiness to approach uncertainty, the cognitive and affective 
costs of engaging uncertainty on adolescents may be higher 
than in other age groups [19]. However, age differences in 
cognitive and affective responses to uncertainty and how 
these relate to mental health remain largely unexplored.

Psychological flexibility and mental health 
across the lifespan

Individuals’ perceived need for control and avoidance of 
uncertainty may reinforce rigid behaviours and cognitions 
(e.g., repeatedly checking for news about the virus) during 
periods of great uncertainty such as the pandemic [20]. 
However, mental health resilience during times of adversity 
has been shown to depend on PF instead [21]. PF as defined 
here, refers to individuals’ ability to accept and adopt 
their cognitive, affective and behavioural responses to 
environmental changes (for a review of different definitions 
of PF see Cherry et al. [22]).

PF has been associated with fewer symptoms of 
depression and anxiety in adults [23] and older adults [24]. 
During COVID-19, PF had a protective effect on mental 
health in adults [e.g., [25], and preliminary evidence 
suggests that PF may similarly confer a protective advantage 
on adolescents’ mental health [26]. Despite its robust 
associations with mental health, less is known about the 
development of PF.

Interestingly, older adults show better PF compared 
to younger adults [24], despite overall  lower cognitive 
flexibility in older age [27]. In adolescence, there is 
protracted development of the neural substrates of cognitive 
flexibility [28], which matures in tandem with its underlying 
cognitive correlates [29]. This may in turn partially account 
for increased mental health vulnerability in adolescents, 
especially during times of prolonged stress such as the 
COVID-19 pandemic.

PF may also interact with IU to impact mental health. 
Specifically, PF may serve as a protective factor for mental 
health in individuals who are high on IU but are able to flex-
ibly pursue meaningful goals and values rather than becom-
ing preoccupied with uncertainty. Indeed, studies have found 
that PF moderated the associations between IU and men-
tal health during the pandemic [e.g., [30], although these 
interactions have mostly been investigated cross-sectionally. 
Together, the literature points to IU and PF as risk and pro-
tective factors for mental health that may differentially influ-
ence individuals across the lifespan.

The current study

The current study aimed to examine the role of IU and PF 
in the association between age and mental health during 
COVID-19. Accordingly, data from the COVID-19 Risks 
Across the Lifespan (CORAL) cohort, which measured 
participants three times between May 2020 and April 2021, 
was used. Previous work in this cohort showed that younger, 
relative to older, participants reported greater mental health 
problems [3] and greater negative affect [31] at all three 
timepoints (T1-T3). In the current study we investigated 
whether these age-related differences were associated with 
IU and/or PF. We tested the pre-registered hypotheses 
that: There would be age-related differences in levels of 
cognitive risk (IU; H1a) and protective (PF; H1b) factors 
for mental health, with IU showing a quadratic and PF a 
linear association with age at T1. Second, the association 
between age group and mental health problems would be 
partially accounted for by IU (H2a) and PF (H2b), cross-
sectionally at T1 and across time from T1 to T3. Finally, IU 
and PF were predicted to interact, with change in PF from 
T1 to T3 mediating the association between IU at T1 and 
mental health problems at T3.

Methods

Participants

The present analyses included 2,280 participants from 
the CORAL cohort (N = 3,208), with a mean age of 38.98 
(SD = 16.99) years, 89.82% of whom identified as female 
and 69.39% as high socioeconomic status (Table  S1). 
Participants were based in the US, UK and Australia. Of 
the total participant pool, 84.52% identified as White, 
4.34% as Asian, 3.07% as mixed, 1.75% as Hispanic, 0.7% 
as Black, 0.39% as Aboriginal or Torres Strait Islander 
and 3.95% with another ethnic background. For a full 
breakdown of participant ethnicities, details on recruitment 
and eligibility criteria see supplementary materials (SM). 
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Table S2 includes descriptives and correlations between 
study variables. For attrition analyses as a function of 
demographic characteristics, see Minihan et al. [3].

Measures

Intolerance of uncertainty

IU was measured at T1 using the Intolerance of Uncertainty 
Scale – Short Form [IUS-12; 30]. Participants rated their 
agreement with 12 items (e.g., “unforeseen events upset 
me greatly”) in relation to the past week on a 5-point scale 
(1 = not at all, 5 = very much). The scale showed good 
internal consistency in the present study, ωT = 0.94.

Psychological flexibility

PF was measured at all timepoints using the Mental 
Flexibility Questionnaire–State [MFQ; 31]. Participants 
rated their agreement with eight items (e.g., “I have been 
good at accepting change”) in relation to the past week on 
a 6-point scale (1 = strongly disagree, 6 = strongly agree). 
The scale had good internal consistency in the present study, 
ωT = 0.92-0.93.

Depression

Depressive symptoms were measured at all timepoints 
using the eight-item Patient Health Questionnaire [PHQ-8; 
[34]. Participants rated how often they were bothered by 
such things as “little interest or pleasure in doing things” 
across the past two weeks, on a 4-point scale (0 = not at 
all, 3 = nearly every day). The PHQ-8 had good internal 
consistency in the present study, ωT = 0.93-0.94.

Anxiety

Symptoms of anxiety were assessed at all timepoints with 
the seven-item Generalized Anxiety Disorder Scale [GAD-
7; [35]. Participants rated how often they were bothered 
by such things as “feeling nervous, anxious or on edge” 
during the past two weeks, on a 4-point scale (0 = not at 
all, 3 = nearly every day). The GAD-7 showed good internal 
consistency in the present study, ωT 0.95-0.96).

COVID‑19 risk

At all timepoints, participants provided binary responses to 
indicate whether they or a member of their household had 
been quarantined due to suspected or confirmed COVID-19 
infection; whether they had been hospitalized because of 
COVID-19; and whether they personally knew someone who 

had been diagnosed with, hospitalized because of, or died 
from COVID-19. A weighted composite score was com-
puted (see SM) and included in all analyses as a covariate, 
to control for individual differences in COVID-19 exposure 
and health risk.

Procedure

The CORAL study was administered online on the Qualtrics 
platform at three timepoints: T1 (May 5, 2020–September 
30, 2020), T2 (August 5, 2020–January 29, 2021), and 
T3 (November 5, 2020–April 9, 2021). Participants who 
answered at least 65% of the T1 survey were invited to 
participate in T2 and T3. All participants provided informed 
consent prior to participating and participants under 18 years 
additionally required consent from a parent/guardian.

Data analysis

Two general linear models were specified to investigate the 
effect of age group on IU (H1a) and PF (H1b). To investigate 
the predicted effect of IU (H2a) and PF (H2b) on the 
association between age and mental health, separate models 
were specified for depression and anxiety as outcomes. For 
the cross-sectional analyses at T1, general linear models 
were specified with age group, IU/PF as predictors. For the 
longitudinal analyses, mixed-effects models were specified, 
with time included as a fixed effect, age group and IU as 
time-invariant fixed effects, PF as a time-variant fixed effect, 
and participant ID as a random effect. Interactions between 
age group and IU/PF were also included. To test whether PF 
would account for the association between IU and mental 
health problems, mediation models were specified. IU was 
included as the predictor and change in PF (T3 – T1) as the 
mediator. In a first model, T3 depression was included as 
the outcome and T1 depression as a covariate. In a second 
model, T3 anxiety was included as the outcome and T1 
anxiety as a covariate.

Analyses were conducted in R (Version 4.1.3), following 
a preregistered analysis plan (osf.io/4xd76). For specific 
packages used, see SM. For analyses, age group was 
coded as a numeric variable (1 = early-to-mid adolescents 
(11–17 years); 2 = late adolescents (18–24 years); 3 = adults 
(25–64  years); 4 = older adults (65 + years)). Although 
group sizes were uneven across the age bins (SM Table 1), 
mixed-effects models are able to handle uneven group 
sizes [36]. For analyses with depression or anxiety as the 
outcome, inferences were based on one-tailed p-values with 
Bonferroni-corrected significance threshold set at p < 0.025 
(α/2) to correct for examining two mental health outcomes. 
For all other preregistered analyses, inferences were based 
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on one-tailed p-values with significant threshold set at 
p < 0.05.

Results

Hypothesis 1: age‑related differences in intolerance 
of uncertainty and psychological flexibility

Age-related differences in IU and PF were observed at T1. 
For IU, a model that included linear and quadratic terms 
for age group provided a better fit compared to a linear-
only model (F(1, 2276) = 28.52, p < 0.001). The significant 
linear effect of age group on IU (H1a; F(3, 2276) = 52.82, 
p < 0.001, R2 = 0.06) showed decreasing IU across age 
groups (SM Table 3). There was also a significant quadratic 
effect of age group on IU (SM Table 3; Fig. 1A), with IU 
peaking in late adolescence and then decreasing into older 
age. Furthermore, there was a significant linear effect of age 
group on PF, (H1b; F(2, 2123) = 48.43, p < 0.001, R2 = 0.04), 
with PF increasing as a function of age group (SM Table 3; 
Fig. 1B).

Hypothesis 2: the role of intolerance of uncertainty 
and psychological flexibility in the association 
between age and mental health problems

In contrast to H2a, age group did not interact significantly 
with IU to predict symptoms of depression or anxiety, neither 
cross-sectionally at T1 (SM Table 4) nor longitudinally 
from T1 to T3 (SM Table 5). Similarly, in contrast to H2b, 
age group and PF did not significantly interact to predict 
symptoms of depression at T1 (SM Table 4) nor from T1 
to T3 (SM Table 5). However, age group did significantly 
interact with PF to predict anxiety symptoms at T1 (SM 
Table 4) and from T1 to T3 (SM Table 5).

The significant interaction between age group and PF 
was further examined by investigating the effect of PF on 
anxiety in each age group separately, cross-sectionally at 
T1 and across time from T1 to T3. At T1 (Fig. 2A) the 
protective effect of PF on anxiety was stronger in adults 
(b = − 0.50, SE = 0.02, 97.5% CI [− 0.54, − 0.46], p < 0.001) 
and older adults (b = −  0.49, SE = 0.03, CI [−  0.56, 
− 0.41], p < 0.001) compared to early-to-mid adolescents 
(b = − 0.41, SE = 0.05, CI [− 0.52, − 0.30], p < 0.001) and 
late adolescents (b = − 0.40, SE = 0.05, CI [− 0.51, − 0.29], 

Fig. 1   Age-Related Differences in Intolerance of Uncertainty and 
Psychological  Flexibility at T1. Note. T1 occurred between May 5, 
2020 and September 30, 2020. The following age groups were used: 
early-to-mid adolescent (11–17 years), late adolescent (18–24 years), 
adult (25–64 years), and older adult (65 + years). Boxplots show the 

median and interquartile range. Panel A: Age differences in intol-
erance of uncertainty, measured with the 12-item Intolerance of 
Uncertainty Scale–Short Form [32]. Panel B: Age differences in psy-
chological flexibility, measured with the 8-item Mental Flexibility 
Questionnaire–State [33]
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p < 0.001). The protective effect of T1–T3 PF on T1–T3 
anxiety (Fig. 2B) was again strongest in adults (b = − 0.41, 
SE = 0.01, 97.5% CI [− 0.44, − 0.38], p < 0.001) compared 
to other age groups (early-to-mid adolescents: b = − 0.34, 
SE = 0.04, CI [− 0.44, − 0.24], p < 0.001; late adolescents: 
b = − 0.35, SE = 0.04, CI [− 0.44, − 0.26], p < 0.001; older 
adults: b = − 0.36, SE = 0.02, CI [− 0.42, − 0.30], p < 0.001).

Hypothesis 3: the mediating role of pf 
in the association between intolerance 
of uncertainty and mental health

To investigate whether change in PF across time mediated the 
association between IU and mental health problems, mediation 
models were specified. The longitudinal model included T1 IU 
as predictor, change in PF across time (T3–T1) as mediator, 
T3 depression as outcome, and T1 depression as covariate. 
The analysis was repeated for anxiety. Change in PF from T1 
to T3 did not significantly mediate the association between T1 
IU and T3 depression (indirect effect: b* = 0.000, SE = 0.001, 
z = 0.06, p = 0.954) or T3 anxiety (indirect effect: b* = − 0.000, 
SE = 0.001, z = − 0.100, p = 0.920).

Discussion

The pandemic has disproportionally affected adolescent 
mental health, exacerbating existing trends of increasing 
mental health problems observed over recent decades. In the 
present study, we examined whether age-related differences 
in the way in which individuals tolerate uncertainty—a key 
characteristic of the COVID-19 pandemic—and individuals’ 
ability to flexibly adapt their thoughts or behaviours in the 
context of adversity, may account for age-related differences 
in mental health problems across a year of the pandemic.

Age‑related differences in intolerance 
of uncertainty and psychological flexibility

In contrast with our predictions, IU was greater in 
adolescents compared to adults, with IU peaking in late 
adolescence. The existing literature which has shown less 
uncertainty avoidance in adolescence compared to adulthood 
has studied behavioural responses to uncertainty [12, 13, 
e.g., 15]. Indeed, adolescents (11–17 years) reported higher 
IU compared to the adult normative scores using self-report 
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The following age groups were used: early-to-mid adolescent (11–
17  years), late adolescent (18–24  years), adult (25–64  years), and 
older adult (65 + years). Panel A: Cross-sectional association between 
psychological flexibility and symptoms of  anxiety  at T1. Panel B: 
Longitudinal association between psychological flexibility and symp-
toms of anxiety across time (T1 to T3)
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measures. The uncertainty reflected in behavioural tasks may 
be less threatening (e.g., small monetary gains and losses) 
than real life uncertainties where the stakes are higher 
(e.g., social, health, and economic uncertainty). Indeed, 
task-based and self-report measures of IU show only small 
to moderate correlations in adults [37]. Alternatively, the 
discrepancy observed is a true reflection of conflicting goal 
states in adolescence. That is, while it is developmentally 
beneficial to explore the adult environment [17], our results 
suggest this may come at the cost of psychological distress 
due to high cognitive IU in adolescents. If replicated, this 
conflict may partially account for high levels of negative 
affect observed in adolescents compared to adults, especially 
during times of high uncertainty [31].

Further, adolescence is a period of both heightened threat 
sensitivity and heightened reward sensitivity, which may 
contribute to the observed age-related differences in response 
to uncertainty [19]. Specifically, threat sensitivity and 
reward sensitivity may be differentially activated in the face 
of uncertainty in adolescence, such that when uncertainty 
signals high potential gain (e.g., peer acceptance), 
adolescents tend to show high tolerance of uncertainty (e.g., 
increased risk-taking behaviours; [38]). In contrast, when 
uncertainty signals high potential threat/loss (e.g., social 
isolation), threat sensitivity may override reward sensitivity 
and lead to higher intolerance of uncertainty. This may 
be especially true for late adolescents (18–24 years), who 
typically experience important transitions in educational, 
employment, and/or housing contexts, which were likely 
disrupted by COVID-19.

Supporting our hypothesis, older adults reported the 
lowest IU. This is consistent with the socioemotional theory, 
which posits that people become less concerned with future-
oriented goals such as reducing uncertainty as they age [39].

The observed increase in PF with age is consistent with 
the selection, optimisation, and compensation theory, 
which suggests that older adults compensate for diminished 
cognitive resources by flexibly pursuing new goals or 
relying more on previously under-used resources such as 
social support [40]. The lower PF in younger adolescents 
potentially reflects the ongoing development of its proposed 
cognitive substrate, affective control, which continues to 
develop into late adolescence [28].

Intolerance of uncertainty and psychological 
flexibility impact mental health across age

We found that IU did not account for age-related 
differences in mental health. That is, the relationship 
between IU and mental health outcomes was the same for 
younger and older individuals. One reason for this lack of 
age-related differences may be that age-related variance 
in mental health problems might be tied to more specific 

domains of uncertainty (e.g., health, social, economic). 
For example, it has been proposed that adolescents may 
be especially impacted by social uncertainties [18], which 
may have been particularly salient in the context of the 
pandemic (e.g., when they will next see their friends).

In contrast  to IU, PF did partially account for the 
association between age and anxiety, such that this 
association was stronger in adults compared to other age 
groups. If adolescents have low PF, and PF is also less 
protective against anxiety during adolescence compared 
to adulthood, this may partially explain high rates of 
adolescent anxiety during the pandemic [31]. The greater 
protective effect of PF in adults compared to older adults 
may be that other mechanisms such as social support 
are more predictive of mental wellbeing in older adults. 
Together, these findings suggest that improving PF and 
reducing IU, especially in young people, may benefit 
population mental health, especially during future 
pandemics, or periods of significant uncertainty.

Limitations

These results should be interpreted within the context 
of several limitations. First, the sample was a non-
representative convenience sample. The majority of 
participants were female, limiting the generalisability of 
the findings to other genders. A further limitation is that 
only health-related COVID-19 stressors were controlled 
for. Future work should seek to examine whether distinct 
types of uncertainty (e.g., social, financial, health) 
differentially impact mental health outcomes across the 
lifespan.

Conclusion

Adolescents appear to experience greater cognitive IU and 
lower PF compared to adults and older adults. We found 
no evidence for the argument that age-related differences 
in individuals’ ability to tolerate uncertainty accounted for 
more symptoms of depression and anxiety in young people 
compared to adults. However, the protective effect of PF 
varied across age during the COVID-19 pandemic, with PF 
conferring the greatest benefit to adults. Interventions aimed 
at increasing PF and reducing IU may improve mental health 
across all age groups during future pandemics.
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