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Abstract

Older age is reportedly protective against the detrimental psychological impacts of the COVID-19 pandemic, consistent
with the theory that reduced future time extension (FTE) leads to prioritization of socioemotional well-being. We
investigated whether depression severity and pandemic-related factors (regional severity, threat, social isolation) reduce
FTE beyond chronological age and whether these relationships differ between younger and older adults. In May 2020,
we recruited 248 adults (younger: 18-43 years, older: 55-80 years) from 13 industrialized nations. Multigroup path
analysis found that depression severity was a better predictor of FTE than the reverse association in both age groups,
suggesting an affective foreshortening of future time. In both age groups, older age was protective against depression
severity, and younger age was associated with heightened vulnerability to the negative impacts of pandemic-related
factors. Future research should consider the complex interrelationships between FTE, age, and depression severity and
the potential impacts of the broader psychosocial milieu.
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The COVID-19 pandemic has seen much of the world’s
population endure multiple lockdowns in relative social
isolation along with the unpredictable threat of the
coronavirus. Impacts on mental health have been pro-
found (Holmes et al., 2020). Although older adults have
undoubtedly been affected (Lebrasseur et al., 2021;
Rodrigues et al., 2022; Rutland-Lawes et al., 2021), some
studies report they have coped better than younger
adults (Carstensen et al., 2020; Fields et al., 2022;
Parlapani et al., 2021; Sun & Sauter, 2021), consistent
with findings that emotional well-being improves with
age because decreasing future time horizons led to
prioritization of socioemotional well-being (socioemo-
tional selectivity theory [SST]; Lang & Carstensen, 2002).
The possibility that depression contributes to time hori-
zons in a way that promotes negative well-being is
rarely considered in the SST literature. Given numerous
anecdotal and scientific reports of distorted time per-
ception during the pandemic (Martinelli et al., 2021;
Ogden, 2020, 2021), the current study addressed this

important question in an international sample of adults
from two phases of the adult life span, early in the
COVID-19 pandemic (May 2020).

Temporal horizons are ubiquitous in human experi-
ence; our integration of past and future influences our
present-moment behavior (Lewin, 1942). Although the
experience of psychological time is a fairly stable indi-
vidual difference (Zimbardo & Boyd, 1999), it also
changes dynamically with situational and psychological
factors, such as time constraints (Gable & Poole, 2012).
It is likely that disruption to short-term time constraints
contributed to the perceived slowing of time experi-
enced during the first COVID-19 lockdowns, along with
older age, depression, and social dissatisfaction (Ogden,
2020).
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The pandemic may have also affected aspects of
longer-term future time, such as the perception of one’s
remaining time (future time extension [FTE]; Liao &
Carstensen, 2018). Although invariably linked to chron-
ological age, salience of one’s mortality (e.g., a life-
threatening disease) can elicit a foreshortening of future
time that overrides the potentially protective effects of
chronological age (Baldensperger et al., 2018; Sullivan-
Singh et al., 2015). Although during a pandemic, the
threat to life expectancy remains largely hypothetical
(unless one is infected), the threat of contracting
COVID-19 may nevertheless cause a similar foreshort-
ening of future time. Indeed, Cheung et al. (2003, cited
in Fung & Carstensen, 20006) reported this effect during
the Hong Kong severe acute respiratory syndrome
(SARS) outbreak of 2003. Thus, we expected that during
the COVID-19 pandemic, future time horizons would
scale with perceived personal threat (e.g., individual
risk factors for SARS-CoV-2, being an essential worker)
and the severity of the COVID-19 outbreak in one’s
locale. Although older adults likely experience a higher
degree of threat given most risk factors relate to health
status (Carstensen et al., 2020), they may cope better
with the potential threat than younger adults, and thus
the impacts on FTE may differ across the life span.

FTE can also be affected by less dangerous factors,
particularly those emphasizing anticipated social end-
ings (Fredrickson & Carstensen, 1990). Notably, incar-
ceration—which bears some similarities to lockdowns,
including reduced social support—is associated with
an apparent suspension of time. Studies report that
prison inmates with longer sentences are more present
oriented and view the future negatively, whereas
inmates with social support are more positive about
their futures (Carvalho et al., 2018). Social support can
also offset the foreshortening effects of terminal illness
on FTE (Baldensperger et al., 2018).

Future time horizons have complex associations with
mental health; the evidence as to whether shorter or
longer time horizons are related to good affective out-
comes is mixed and may be related to age. In younger
adults, orientation toward both the near and more dis-
tant future can predict better outcomes. For instance,
focus on shorter-term goals is predictive of lower
depressive symptoms and better well-being (Gamble
et al., 2021), whereas longer future time horizons con-
tribute to self-continuity and ongoing motivation (Lens
et al., 2012) critical for optimal psychological function-
ing (Chandler & Lalonde, 1998). However, in older
adults, shorter FTE is inherently motivational: Anticipa-
tion of social endings increases pursuit of meaningful
goals and enhances well-being (Lang & Carstensen,
2002). Indeed, substantive literature shows that as FTE

Statement of Relevance

The COVID-19 pandemic has forced people to
contend with unprecedented disruptions to every-
day life. Unsurprisingly, impacts on mental health
have been profound, particularly in younger
adults, but other aspects of psychological function
have also been affected, such as the perception
of time. This research investigated how the per-
ception of future time beyond the pandemic
relates to depression severity across two phases
of the adult life span. We found that in both
younger and older adults, more severe depression
was linked to the perception of having less time
left, providing evidence that irrespective of age,
negative mood states can foreshorten our future
time horizons. We found that depression was
more severe in younger adults and was height-
ened by the severity of the pandemic situation,
personal threat of COVID-19, and loneliness. This
finding further highlights the resilience that comes
with older age and the need to support younger
adults beyond the COVID-19 pandemic.

decreases in older age, so do negative emotions,
whereas positive emotions increase (Carstensen et al.,
2000, 2011). This age-related positivity persisted into
the first wave of the pandemic (Carstensen et al., 2020;
Fields et al., 2022), although these findings may be
specific to the United States (see Rutland-Lawes et al.,
2021).

Taken together, these results suggest that the relation
of future time horizons and affective experience may
vary across different phases of the adult life span,
although to our knowledge this has not been directly
tested. This variance likely reflects, at least in part,
movement though life’s changes and transitions, where
at times, present- and near-future thinking is more ben-
eficial than focusing on the distant future and vice versa
(Lens et al., 2012). Moreover, it may reflect the varying
importance of different dimensions of future time per-
spective (of which FTE is only one; Rohr et al., 2017)
at different life phases and across different studies.

In addition to life phase, it is also possible that the
relation of FTE and affective outcomes is different for
subgroups of the population experiencing mental
health conditions. Few studies have directly explored
the possibility of the reverse directional relationship,
whereby negative emotional states predict lower FTE.
There is, however, some evidence suggesting that psy-
chological distress predicts an affective foreshortening
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of future time—not only following traumatic experi-
ences that disrupt self-continuity (Holman & Grisham,
2020) but also in depression (Coudin & Lima, 2011,
Kooij et al., 2018; McKay et al., 2016), in line with
impairments of other forms of future thinking (for meta-
analyses, see Gamble et al., 2019; Hallford et al., 2018).
The pandemic’s disruption of future hopes and plans
(e.g., graduations, weddings) has been salient for
younger adults (Holman & Grisham, 2020); thus we
expect depression-related foreshortenings to be par-
ticularly evident in younger adults. Although still unde-
termined, older adults may likewise experience similar
issues resulting from the pandemic’s impact on their
important socioemotional goals (e.g., time with family),
although whether these effects will be evident over and
above age-related decreases in FTE or increases in posi-
tivity is an open question.

Together, the findings reviewed here suggest that
independently of an expected reduction of FTE with
increasing chronological age, pandemic-related factors
such as regional severity, threat of a potentially fatal
illness, social isolation, and the severity of depression
may all act to foreshorten one’s perceived future time
horizon. In May 2020, we recruited younger and older
adults from 13 industrialized nations across Austral-
asia, Europe, and North America; the international
nature of the sample provided variance in real-time
pandemic severity statistics, perceived threat, and
reported days in isolation (see the Method section).
Here, we report path analyses examining the contribu-
tions of these pandemic-related factors and chrono-
logical age to depressive symptoms and FTE, as well
as the directionality of the relationship between
depressive symptoms and FTE. Given the possibility
that these effects are not uniform across the life span,
we constructed a multigroup path analysis that
included two demographically matched age groups:
younger (18-43 years) and older (55-80 years) adults.
Each group’s 25-year age span enabled us to include
chronological age in the multigroup path analysis and,
critically, to assess whether chronological age effects
differed between these two phases of the adult life
span.

Open Practices Statement

The data and code from these age-group analyses have
been made publicly available at OSF and can be
accessed at https://doi.org/10.17605/OSF.10/3U587.
The materials and preregistered study protocol are pub-
licly available at https://doi.org/10.17605/OSF.10/
7X9TQ); note that the specific analyses reported in this
article were not preregistered.

Method

Participants

A power analysis was conducted using the findRM-
SEAsamplesize() function of the semTools package
(Jorgensen et al., 2021) to determine the minimum sam-
ple size required to achieve a power of .80. When a
multigroup path analysis with two groups and 18
degrees of freedom is constructed (parameters based
on hypothesized models; Fig. 1), a total sample size of
236 would be required to determine close fit (null root-
mean-square error of approximation [RMSEA] = .03;
alternative RMSEA = .08). This study used data from 248
participants drawn from the first time point (May 6-25,
2020) of a larger longitudinal study (Thinking Beyond
COVID-19; https://doi.org/10.17605/0OSF.10/7X9TQ).
English-speaking participants were recruited to partici-
pate in the “entry survey” via online advertisements on
social media and research participation websites (offer-
ing an entry into a prize drawing for a $150 CAD gift
card) or via Prolific.co (offering payment at a rate of £5
per hour). General inclusion criteria were an age of 18
years or older and no history of neurological impair-
ments or learning disabilities that could impact perfor-
mance. Using Prolific’s built-in inclusion/exclusion
function, we made the study available only to individu-
als who met these inclusion criteria. Although this was
primarily a convenience sample, we did target recruit-
ment of Prolific participants older than 55 years in line
with our study aims, as well as those residing in coun-
tries particularly affected early in the pandemic (e.g.,
United States/Canada, United Kingdom, France, Italy,
Spain). To increase the representativeness of our sam-
ple, we also targeted recruitment of participants belong-
ing to minority ethnic groups. This project was approved
by the Research Ethics Board of Baycrest Health Sci-
ences, and participants provided informed and explicit
consent before starting the survey.

Of the 1,060 individuals who consented to the larger
study, 327 participants decided to withdraw during the
initial open-ended narrative questions! and thus did not
complete the questionnaires required for this study;
thus, these participants were excluded. Of the 733 data
sets collected, 53 were excluded for the following rea-
sons: (a) responses on medical history items indicating
that they did not meet inclusion criteria ( = 35), (b)
being from geographical regions with very low partici-
pation rates (n = 9) or from a country employing a herd
immunity strategy in May 2020 (n = 1), and (¢) data
cleaning, where we excluded participants who com-
pleted less than 33% of the survey, completed the
30-min survey in less than 10 min, or failed the attention-
check item and provided inadequate written responses
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Fig. 1. Path diagrams of models specified as hypothesized and respecified following optimization. In all models, single-headed arrows
represent regression paths and their directionality, dashed double-headed arrows represent correlated error terms, and solid double-headed
arrows indicate residual error. Variables on the left-hand side of each model (gray/blue) are exogenous predictors. Variables on the right-
hand side are both endogenous and exogenous (light yellow) or fully endogenous (dark yellow). The hypothesized (a) depression-severity
model (the Patient Health Questionnaire [PHQ] model) and (b) future time extension (FTE) model included paths from regional severity and
personal threat to FTE; chronological age was thought to predict both FTE and depression severity (PHQ), and the two isolation indices were
modeled as predictors of depression severity. The PHQ and FTE models were respecified (¢ and d, respectively) so that regional severity and
personal threat predicted depression severity (blue paths). Path labels have been added in (d) for clarity.

on other survey questions not reported in this study
(n = 8; for more information, see https://doi.org/
10.17605/0OSF.10/7X9TQ). The remaining 680 data sets
comprised the full sample. Briefly, participants repre-
sented 25 countries, 61% were female, ages ranged from
18 to 80 years (M = 36.70, SD = 15.27), and 70% were
recruited via online advertising and Prolific.co; for

detailed demographics of the full sample, see https://
doi.org/10.17605/OSF.10/7X9TQ.

In the full Thinking Beyond COVID-19 sample, there
were 144 participants aged between 55 and 80 years
old; 124 had no missing data on any relevant measures
and thus comprised the older adult group. We then
identified 124 younger adults within a 25-year age span
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Table 1. Demographic Statistics of Younger and Older
Adult Groups

Younger Older
adults adults
Variable and category (n=124) (n=124)
Recruitment source (72)
Online advertising 29 31
Prolific.co 95 93
Age (years)
M 29.17 60.59
SD 6.42 5.42
Range 18-43 55-80
Sex (n)
Female 94 95
Male 30 29
Countries represented in 13 12
sample (72)*
Self-reported ethnicity (1)
Arab 0 0
Asian 19 1
Black 5 1
Latin American 4 0
Maori/Pacific Islander 1 0
North American Indigenous 1 0
White 96 122
Other 5 3
Highest level of education (1)
No schooling 0 0
Primary 1 0
Secondary 33 35
University* 65 63
Graduate or postgraduate 25 26

“For the breakdown of the subsamples by country of residence, see
Table S1 in the Supplemental Material available online. "Because
participants could select more than one ethnicity, the sum of the
ethnic group s is larger than the 7 for the survey. “This category
included undergraduate or similar program at a tertiary education
institution.

(18-43 years old) with complete data who matched the
older adult participants as closely as possible in terms
of country of residence and sex (see Table 1 for demo-
graphics; for more information on matching, see Section
S1 in the Supplemental Material available online).

Materials

Only measures relevant to addressing the current
research questions are described here. These measures
were collected as part of a 30-min survey conducted
using the Qualtrics platform (the full list of measures
collected is available at https://doi.org/10.17605/OSF
10/7X9TQ).

Demographic and pandemic-related variables.

Demographics and medical history. Participants
reported their age, sex, ethnicity, country of residence
at the time of testing, and highest level of education
attained. To confirm that participants met the inclusion
criteria of being free of neurological conditions and
learning disabilities, we included a medical checklist.
Participants responded “yes” or “no” to items includ-
ing alcohol or drug abuse disorder, dementia, epilepsy,
head injury, learning disorder, neurosurgery, psychotic
disorder, stroke, or any decline in cognitive function.
Participants who endorsed any of these items were sub-
sequently excluded.

COVID-19 risk factors and concern. Participants com-
pleted another series of questions about professional and
medical factors that, early in the pandemic (May 2020),
had been identified as likely increasing one’s risk of
contracting COVID-19 and/or the propensity for severe
complications. Risk factors were status as an essential
worker, cancer (including history of cancer), current
smoker or vaper, condition or disease affecting a major
organ (heart, lung, liver, or kidneys), diabetes or hyper-
glycemia, hypertension, and/or immunodeficiency (e.g.,
HIV/AIDS, leukemia). Participants responded “yes” or
“no” (scored 1 and 0, respectively) to each risk factor;
total COVID-19 risk was calculated as the sum of all risk
factors. Participants indicated their level of concern that
COVID-19 would affect them personally on a single item
(0 = not at all concerned, 4 = very concerned).

Social isolation and loneliness. Participants reported
the number of days they had spent in isolation since
COVID-19 was first declared a pandemic on March 11,
2020. They also indicated the number of people living in
their household, which was converted to a binary vari-
able (1 = living alone, 0 = living with people). A single
item was used to probe feelings of loneliness experi-
enced over the past 2 weeks (0 = not at all, 3 = nearly
every day).

Questionnaires. The Patient Health Questionnaire (PHQ;
Kroenke et al., 2001) has nine items that measure the
frequency with which participants have experienced
symptoms of depression over the past 2 weeks; responses
are made on a 4-point scale (0 = not at all, 3 = nearly
every day). Responses are summed, and higher scores
reflect higher severity of depression. Internal consistency
of the measure was high (Cronbach’s a = .88, McDonald’s
o = .88).

The Future Time Perspective Scale (Lang &
Carstensen, 2002) has 10 items that measure the par-
ticipant’s perception of the future as being limited in
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Table 2. Variables Comprising the Regional-Severity, Personal-Threat, and Isolation Indices

Younger adults Older adults

Index and variable (n=124) (n=124)
Regional severity®
Weekly COVID-19 cases: range 2-171,758 2-171,758
Weekly COVID-19 deaths: range 0-11,846 0-11,846
Cumulative COVID-19 cases (raw): range 1,147-1,643,248 1,147-1,486,757
Cumulative COVID-19 deaths (raw): range 21-97,720 21-89,562
Cumulative COVID-19 cases (per 100,000): range 24-496 24-621
Cumulative COVID-19 deaths (per 100,000): range 0-75 0-59
Personal threat
Number of risk factors: M (SD) 0.41 (0.58) 0.84 (0.88)
Personal-concern rating: M (SD) 2.12 (1.25) 2.37 (1.21D)
Isolation-loneliness index
Living alone: percentage of sample 9.68 19.35
Loneliness rating: M (SD) 1.02 (0.93) 0.52 (0.81)
Isolation-days index
Days in isolation: range 0-90 0-120

2COVID-19 statistics were extracted from the European Centre for Disease Prevention and Control (2022)
COVID-19 statistics for each participant based on the week they completed the study.

time. Participants rate how true each statement is for
them personally (1 = very untrue, 7 = very true). Higher
scores represent a more expansive view of the future,
whereas lower scores represent feelings of time as limited
or constrained. Subscale scores for FTE, future time oppor-
tunity (FTO), and future time constraint (FTC) were calcu-
lated by averaging the score for items in each subscale
(Rohr et al., 2017). In this study, we were interested in FTE
specifically. Internal consistency across both the full mea-
sure and the FTE subscale was moderate to high (full scale:
o = .87, ® = .87; FTE subscale: o = .74, ® = .74).

COVID-19 case data. The weekly COVID-19 cases and
deaths, and cumulative cases and deaths (raw and popu-
lation adjusted), were extracted from the European Cen-
tre of Disease Control (2022) COVID-19 case data for
each participant based on the week they completed the
survey.

Data analysis

Data analyses and descriptive statistics were computed
in R (Version 3.6.2, R Core Team, 2019; all code is pub-
licly available at https://doi.org/10.17605/OSF.10/
3U587).

Dimensionality reduction. For use in path analyses,
we first created indices from three sets of variables of
interest described above: (a) COVID case data statistics
(six variables), (b) COVID-19 risk factors and concern
(two wvariables), and (¢) social isolation and loneliness

(three variables; see Table 2). To this end, we used two
multivariate techniques that reduce dimensionality: prin-
cipal components analysis for continuous data and factor
analysis of mixed data (FAMD) for mixed data types.
Because these indices are also used in other studies, they
were created using the full data set (V= 680), and then
loadings for significant latent variables were extracted for
participants comprising the older and younger adult sub-
groups; full methods and results of dimension-reduction
analyses are presented in the Supplemental Material
(Sections S2 and S3, respectively).

Briefly, the regional-severity index comprised load-
ings on the first principal component that corresponded
to shared variance among all COVID-19 case statistics;
higher scores indicated greater regional severity of
SARS-CoV-2 infection. The personal-threat index com-
prised loadings on the one resulting principal compo-
nent, corresponding to shared variance among input
variables (total COVID-19 risk and level of concern
regarding COVID-19); higher scores indicated greater
personal threat. The FAMD on social isolation and lone-
liness variables yielded two significant latent variables
for which higher loadings indicated greater isolation.
The first was a generalized isolation factor capturing
variance associated with living alone and self-reported
feelings of loneliness; loadings on this factor comprised
the isolation-loneliness index. The second factor
reflected pandemic-specific isolation driven by the
number of days spent in isolation since the start of the
pandemic; loadings on this factor comprised the isolation-
days index.
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Path analysis.

Model specification and respecification. We began
by examining two overidentified multigroup path mod-
els based on our hypotheses; the first model predicted
depression severity as the outcome variable (the PHQ
model; Fig. 1a), and the second model predicted FTE as
the outcome variable (the FTE model; Fig. 1b). In both
models, chronological age was modeled as a predictor
of both PHQ and FTE, the isolation indices (isolation-
loneliness and isolation-days) were entered as predictors
of PHQ, and the personal-threat and regional-severity
indices were modeled as predictors of FTE. Thus, the
only difference between the two models was whether
FTE was entered as a predictor of PHQ (when depres-
sion severity is the outcome variable; model PHQ) or
vice versa (when FTE was the outcome variable; model
FTE). Because the younger adults and older adults groups
were matched by country, we constrained the intercept
and variance for the regional-severity index to be equal
between groups. All other 38 parameters were freely esti-
mated (18 per group); with our total sample size of 248,
the ratio of participants to freely estimated parameters
was 0.53:1, exceeding the recommended minimum ratio
of 5:1 (Tanaka, 1987) and minimum sample size of 100
(Anderson & Gerbing, 1984) for path analysis.

Path specification was examined and optimized by
exploring the modification indices and correlations of
residuals. Optimization of the model was considered
for paths where the modification index was above 3.84
(Whittaker, 2012) and/or the correlations of residuals
was greater than || = .10. Modifications were made
only where adding the path was consistent with what
would be hypothesized on the basis of the literature.
By these criteria, in the respecified models for both
depressive severity (Fig. 1c) and FTE (Fig. 1d), per-
sonal-threat and regional-severity indices were entered
as predictors of PHQ rather than FTE.

Model-fit criteria. Multigroup (younger adults vs.
older adult) path analyses were performed in R using the
lavaan software package (Rosseel, 2012), and a maxi-
mum likelihood estimator was used for all analyses. To
examine model fit of the hypothesized and respecified
models, as well as the final models (i.e., after invariance
testing; see below), we computed y*s to test the null
hypothesis that the observed data and predicted model
were equal; p values greater than .05 indicate good
model fit. In addition, four key indices were used to
examine model fit with the following cutoffs for deter-
mining good fit: the comparative fit index (CFI; > .90
was acceptable, > .95 indicated good model fit; Hu &
Bentler, 1999), standardized root-mean-square residual
(SRMR; < .05; Diamantopoulos & Siguaw, 2000), RMSEA
(< .06 indicated good model fit; Hu & Bentler, 1999), and

the Tucker-Lewis index (TLI; > .90 indicated acceptable
model fit, > .95 indicated good model fit; Schumacker &
Lomax, 2016).

Comparison between models. The Bayesian infor-
mation criterion (BIC) was used to make comparisons
between pairs of models that were nonnested. Specifi-
cally, we compared the two hypothesized models with
each other to determine whether the model in which
FTE predicted depression severity (the PHQ model; Fig.
1a) or depression severity predicted FTE (the FTE model;
Fig. 1b) better fitted the data. We also compared each
hypothesized model with its respecified counterpart (i.e.,
Fig. 1a vs. Fig. 1c, and Fig. 1b vs. Fig. 1d) to determine
whether respecification improved model fit. Differences
in BIC values were calculated to determine the strength
of evidence that one model had superior fit compared
with another (models with lower BIC values have supe-
rior fiv): difference of 0-2 = weak evidence, 2-6 = positive
evidence, 6-10 = strong evidence, and > 10 = very strong
evidence (Raftery, 1995).

Invariance testing. To examine differences between
the younger and older adult age groups, we used sys-
tematic invariance testing. First, we examined age-group
differences in the overall models with a global test of
invariance. A y? difference test was used to compare the
free model (i.e., where all paths are free to vary by age
group) with a fully constrained model (where all paths are
constrained to be equal across age groups). After iden-
tifying a global difference between age groups, we then
independently constrained each of the paths a through
[ (see Fig. 1d for path labels). Specifically, each of these
constrained models was compared with the free model;
if an age-group difference for a given path was identified,
as indicated by a significant y? difference test, the path
was allowed to remain freely estimated; if a given path
did not differ significantly, suggesting invariance, it was
constrained to be equal across groups. We then updated
the model on the basis of these results, constraining
or freely estimating paths a through f accordingly (this
updated model is referred to as the partially constrained
model). Finally, we then additionally constrained path g
(Fig. 1d) and compared this more restrictive model to the
partially constrained model; again, if a significant y? dif-
ference test indicated group differences, path g was left
free to vary, or if nonsignificant, path g was constrained
to be equal across groups in the resultant final model.

Mediation analyses. We examined whether factors
contributing to an increase in depression severity had
an indirect effect on FTE via depression severity. Media-
tion analyses were conducted on the final model after
adjustments were made on the basis of invariance testing.
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Table 3. Model-Fit Parameters

Hypothesized models Respecified models

Fit measure PHQ FTE PHQ FTE
% 35.79 26.30 18.14 12.27
D .008 .093 447 833
df 18 18 18 18
Comparative fit index .83 .92 1.00 1.00
Tucker-Lewis index .61 .82 1.00 1.00*
Standardized root-mean-square residual .06 .05 .05 .04
Root-mean-square error of approximation (RMSEA) .09 .06 .01 .00
RMSEA CI [.04, .13] [.00, .11] (.00, .08] [.00, .05]
Bayesian information criterion 7,103.53 7,094.05 7,085.88 7,080.02
Akaike information criterion 6,920.84 6,911.35 6,903.19 6,897.32

Note: PHQ = Patient Health Questionnaire; FTE = future time extension; CI = confidence interval.

“Value > 1 was rounded down.

The direct path between each exogenous variable and
FTE was modeled so that we could calculate and exam-
ine the estimated indirect and total effects of these fac-
tors on FTE. Standard error was estimated using 10,000
bootstrapped samples. Significance was determined by
examining p values and 95% bootstrapped confidence
intervals (CIs; Preacher et al., 2007).

Results

Model fit and respecification

Fit parameters for hypothesized and respecified models
are provided in Table 3. The hypothesized PHQ model
(Fig. 1a) had poor overall fit on all fit parameters. In
contrast, FTE model (Fig. 1b) was found to have accept-
able overall fit, albeit with the exception of the TLI.
Consistent with these observations, a difference in BIC
values of 9.48 between these two models (Fig. 1a vs.
1b) provided strong evidence to favor the FTE model,
therefore indicating that the hypothesized model in
which depression severity predicted FTE (rather than
vice versa) was a significantly better fit for the data. We
next examined modification indices for both hypoth-
esized models, which revealed that for the younger
adult group, the fit of both models would be improved
by including personal threat (PHQ model: index = 9.93,
FTE model: index = 10.01) and regional severity (PHQ
model: index = 11.49, FTE model: index = 9.74) as
predictors of PHQ rather than FTE, as we had hypoth-
esized. Consistent with this interpretation of the modi-
fication indices, correlations of the residuals for
personal threat/regional severity and PHQ were r > .20
for both hypothesized models (Figs. 1a and 1b), indicat-
ing that the unexplained variance of each variable cor-
related with the unexplained variance of PHQ. Given

our expectations that (a) depression severity would
foreshorten FTE, (b) isolation indices would predict
greater depression severity, and (c) personal threat and
regional severity would correlate with isolation indices,
we deemed it possible that PHQ could mediate the
relationship between personal threat/regional severity
and FTE. Thus, paths were modified accordingly (see
respecified models in Figs. 1c and 1d).

There was very strong evidence that changing these
two paths improved overall model fit relative to hypoth-
esized models (i.e., Fig. 1a vs. Fig. 1c; Fig. 1b vs. Fig.
1d), with BIC differences exceeding 10 (PHQ model:
ABIC = 17.65; FTE model: ABIC = 14.03). Inspection of
fit parameters confirmed that, after respecification, both
models (Figs. 1c¢ and 1d) now had good overall fit
(Table 3). Nevertheless, the BIC scores for the two
respecified models (i.e., Figs. 1¢ and 1d) differed by
5.86, providing positive to strong evidence that the FTE
model was still a better fit to the data than the PHQ
model (Fig. 1d). Moreover, following respecification,
only the FTE model had an upper RMSEA 95% CI that
was under the threshold for good model fit. We there-
fore examined group differences only in the respecified
version of the FTE model (henceforth referred to as the
final modeD).

Invariance testing on the final model

To test for age-group differences in the final model (Fig.
1d), we first examined global invariance by constraining
all intercepts and regression paths to be equal between
groups and compared the result with the unconstrained
model. A y? difference test revealed a significant differ-
ence in fit between the free and constrained models,
Ay*(13) = 425.88, p < .001, indicating the presence of
group inequalities. By independently constraining each
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of paths a through f (Fig. 1d), we identified age-group
inequalities for the paths from regional severity, per-
sonal threat, and isolation-loneliness to depression
severity (PHQ), indicating that these paths should
remain free to vary across groups (Table 4). In contrast,
constraining the paths from age to FTE and PHQ, as
well as isolation-days to PHQ did not affect overall
model fit. Finally, we compared this partially con-
strained model with a more restrictive model that addi-
tionally constrained the path from PHQ to FTE (path
g, Fig. 1d). No significant difference was found between
these two models, indicating that the effect of PHQ on
FTE (i.e., that greater depression severity predicted feel-
ings of a more limited future) was statistically equiva-
lent between the younger adults and older adults
groups.

Final model estimation

Overall fit of the final model following invariance test-
ing was good, y%(22) = 15.25, p = .851; CFI = 1.00; TLI >
1; SRMR = .05; RMSEA < .01, p = .968, 95% CI = [.00,
.04]. Path coefficients (see Table 5 and Fig. 2) revealed
that, as expected, a 1-year increase in chronological
age of both younger and older adults was associated
with a 0.05 decrease in FTE (p < .001, 95% CI = [-0.08,
—0.03]. As expected, a 1-year increase in chronological
age in both groups was associated with a 0.20 decrease
in depression severity (p <.001, 95% CI = [-0.29, -0.10D),
whereas a 1-unit increase in the isolation-days index
was associated with a 0.59 increase in depression sever-
ity in both groups (p = .039, 95% CI = [0.03, 1.15)]).
Although a 1-unit increase in the isolation-loneliness
index was associated with an increase of 2.86 in depres-
sion-severity scores (p < .001, 95% CI = [2.02, 3.69]) in
younger adults, the increase in depression-severity
scores was less than half this amount in older adults
(1.23; p < .001, 95% CI = [0.63, 1.83]). Moreover, two
variables influenced depression severity only in younger
adults: (a) A single unit increase in the regional-severity
index was associated with a 0.81 increase in depres-
sion-severity scores in younger adults (p = .006, 95%
CI =1[0.23, 1.39D but not at all in older adults (p =.597,
95% CI = [-0.61, 0.35]), and (b) a single-unit increase
in the personal-threat index was associated with an
increase of 1.31 in depression severity in younger adults
(p =.003, 95% CI = [0.46, 2.16]) but not at all in older
adults (p = .755, 95% CI = [-0.50, 0.69]). Irrespective of
the age-group differences in terms of predictors of
depression severity, an increase in depression severity
by 1 point in both younger and older adults (after
adjusting for all exogenous predictors) was associated
with a 0.05 reduction in their FTE scores (p < .001, 95%
CI = [-0.08, =0.03D).

Mediation analysis

In the final model, we additionally sought to examine
the possibility that factors predicting greater depression
severity in younger and older adults were indirectly
influencing FTE. Results of this analysis (see Table S2)
revealed significant indirect effects of exogenous pre-
dictors on FTE. In younger adults only, a 1-unit increase
in regional severity was associated, via depression
severity, with a 0.04 decrease in FTE (p = .0306, 95% CI =
[-0.08, —0.01]), whereas a 1-unit increase in personal
threat was indirectly associated with a 0.07 decrease in
FTE (p = .036, 95% CI = [-0.14, —0.01]). There was no
evidence that either regional severity (p = .111, 95% CI =
[-0.04, 0.28]) or personal threat (p = .911, 95% CI =
[-0.19, 0.22]) had an independent direct effect on FTE
for younger adults. A 1-unit increase in the isolation-
loneliness index was associated, via increased depres-
sion severity, with a 0.14 reduction in FTE for younger
adults (p = .006, 95% CI = [-0.25, -0.05]) and a 0.06
reduction in FTE for older adults (p = .015, 95% CI =
[-0.19, —-0.02]). There was no evidence that the isola-
tion-loneliness index independently influenced FTE in
younger adults (p = .378, 95% CI =[-0.31, 0.12]) or older
adults (p = .402, 95% CI = [-0.21, 0.08]). There was no
evidence that the isolation-days index was indirectly
associated with FTE for either younger or older adults
(p=.078, b =-0.03, 95% CI = [-0.07, -0.01D.

Discussion

We investigated the possibility that beyond the effects
of chronological age, depression severity and pan-
demic-related factors—such as regional severity, per-
sonal threat of SARS-CoV-2, and social isolation—might
independently reduce FTE. We also investigated
whether these relationships differ across two phases of
the adult life span. We present three key results: (a)
Depression severity was a better predictor of FTE than
the reverse association, (b) both older chronological
age and greater depression severity independently pre-
dicted FTE reductions, and (c¢) the factors contributing
to depression severity largely differed between age
groups.

Despite substantive evidence for shorter time hori-
zons improving emotional experience and affect regula-
tion (Lang & Carstensen, 2002), our findings add weight
to the reverse association: that affective experience
predicts FTE. Specifically, in both younger and older
adults, depression severity as a predictor of FTE
enhanced model fit relative to FTE as a predictor of
depression severity. Additionally, chronological age
exerted the expected influence on FTE independently
of depression severity, such that future time shortened
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Table 4. Results of Invariance Testing on the Final Model

Type of constraint df AIC 2 Ay? Adf p

Unconstrained 18 7,080.02 6,897.32 12.27

Fully constrained 31 7,430.23 7,297.20 438.15 425.88 13 <.001
Path a (age to PHQ) only 19 7,075.43 6,896.24 13.19 0.92 1 338
Path b (personal threat to PHQ) only 19 7,080.09 6,900.91 17.86 5.59 1 .018
Path ¢ (regional severity to PHQ) only 19 7,081.21 6,902.02 18.97 6.70 1 .010
Path d (isolation-days to PHQ) only 19 7,075.43 6,896.25 13.20 0.93 1 .336
Path e (isolation-loneliness to PHQ) only 19 7,083.89 6,904.70 21.65 9.38 1 .002
Path f (age to FTE) only 19 7,075.04 6,895.86 12.81 0.53 1 465

Partially constrained® 21 7,065.87 6,893.71 14.66
Partially constrained + path g (PHQ to FTE) 22 7,060.95 6,892.30 15.25 0.59 1 442

Note: Change values on a given line are relative to the model the line is nested under (e.g., fully constrained vs. unconstrained, path a vs.
unconstrained, etc.). The variable “age” refers to chronological age. Significant p values are given in boldface. BIC = Bayesian information
criterion; AIC = Akaike information criterion; PHQ = Patient Health Questionnaire; FTE = future time extension.

“The partially constrained model allowed the paths from isolation-loneliness to PHQ, regional severity to PHQ, and personal threat to PHQ
to vary across age groups while constraining all other paths from the exogenous variables.

with advancing age. Taken together, these results sup-
port the notion of affective foreshortenings of future
time (Coudin & Lima, 2011; Holman & Grisham, 2020;
Kooij et al., 2018), demonstrating that FTE reductions
are not phenomenologically unique to aging. Foreshort-
enings ahead of chronological age are unlikely to yield
the same motivational benefits typically associated with
age-related reductions in FTE (cf. SST) and may even
be associated with poor psychological outcomes (Cate
& John, 2007).

Our results align with evidence suggesting that
depression severity is associated with reduced future
orientation (McKay et al., 2016; Simon et al., 2022) as
well as deficits in imagining the future (Addis et al.,
2016; Gamble et al., 2019; Hallford et al., 2018) and
goal-oriented future thinking (Gamble et al., 2021).
These difficulties projecting the self beyond the present
and into the future are a candidate mechanism underly-
ing a foreshortening of future time in depression. Future
research is necessary to confirm the mechanistic role
of these cognitive changes in reducing FTE in depres-
sion. It is also possible that other characteristics of
depression, including reduced self-continuity (Chandler
& Lalonde, 1998; Melges, 1982), self-efficacy, persistent
negative rumination, and a tendency to envision nega-
tive future scenarios (MacLeod & Byrne, 1996), contrib-
ute to the magnitude of this foreshortening of future
time.

Our findings raise important considerations for FTE
research. First, the effect of chronological age was lin-
ear and consistent between younger and older adults,
demonstrating that age gradually influences future time
horizons across the adult life span. Thus, some of the
motivational benefits associated with decreasing FTE
may be evident earlier than typically studied—perhaps

as early as 40 when both the awareness of time as
limited and the perceived benefits of aging begin to
positively affect psychological well-being (Brothers
et al., 2016). Thus, the value in longitudinal tracking of
changes in FTE and socioemotional functioning cannot
be overstated. Second, SST research should consider
that older adults with poorer mental health may experi-
ence an affective foreshortening of future time in
advance of what would be expected by age alone—and
potentially with opposite effects on socioemotional
motivation. This finding does not rule out potential
bidirectional associations between FTE and depression
severity, especially given that predicting FTE from
depression severity also had acceptable, albeit poorer,
overall fit. Nevertheless, the results highlight the com-
plexities of the relationships between FTE, age, and
depression severity that should be considered in future
research.

Given that FTE is also affected by situational factors
(Carvalho et al., 2018; Fredrickson & Carstensen, 1990),
we hypothesized that pandemic factors would directly
influence FTE. However, we found that for older adults,
pandemic factors did not influence FTE directly or even
indirectly (via depression severity), perhaps indicating
a ceiling effect because time is already limited by older
age. In contrast, for younger adults, regional pandemic
severity and personal threat indirectly reduced FTE via
depression severity, providing partial support for our
hypothesis. The mediating indirect pathway of this
effect via depression severity dovetails with recent find-
ings linking depression to distorted experiences of time
(Ogden, 2020).

Another important finding to emerge was that, con-
sistent with our hypotheses, chronological age was
protective against depression, although interestingly,
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Table 5. Path Coefficients for the Final Model

Path and age group b z B b 95% CI for b
Path a (age to PHQ)

Younger adults -0.20 -4.19 -0.21 <.001 [-0.29, -0.10]

Older adults -0.20 -4.19 -0.24 <.001 [-0.29, -0.10]
Path b (personal threat to PHQ)

Younger adults 1.31 3.02 0.21 .003 [0.46, 2.16]

Older adults 0.10 0.31 0.03 755 [-0.50, 0.69]
Path ¢ (regional severity to PHQ)

Younger adults 0.81 2.75 0.20 .006 [0.23, 1.39]

Older adults -0.13 -0.53 -0.04 .597 [-0.61, 0.35]
Path d (isolation-days to PHQ)

Younger adults 0.59 2.07 0.09 .039 [0.03, 1.15]

Older adults 0.59 2.07 0.13 .039 [0.03, 1.15]
Path e (isolation-loneliness to PHQ)

Younger adults 2.86 6.70 0.47 <.001 [2.02, 3.69]

Older adults 1.23 4.01 0.33 <.001 [0.63, 1.83]
Path f (age to FTE)

Younger adults —0.05 —4.63 -0.29 <.001 [-0.08, -0.03]

Older adults —0.05 —4.63 -0.27 <.001 [-0.08, —0.03]
Path g (PHQ to FTE)

Younger adults -0.05 —4.10 -0.28 <.001 [-0.08, -0.03]

Older adults —-0.05 -4.10 -0.22 <.001 [-0.08, -0.03]

Note: The variable “age” refers to chronological age. Significant p values are given in boldface. CI = confidence
interval; PHQ = Patient Health Questionnaire; FTE = future time extension.

this effect was evident across both age groups: The
older adults in both age groups exhibited less severe
depression than their younger counterparts. Other
researchers also report that age advantages in emo-
tional experience seen in older adults have persisted
during the pandemic (Carstensen et al., 2020; Fields
et al., 2022), albeit to a reduced degree than in prepan-
demic times (Sun & Sauter, 2021). Our results extend
these findings by demonstrating that age was protective
against depression severity during the pandemic for
both younger and older adults, above and beyond the
detrimental effects of loneliness (in both groups) and
pandemic factors (in younger adults).

Older adults generally face poorer outcomes from
SARS-CoV-2 (Cohen & Tavares, 2020); although our
older sample was relatively healthy—the mean number
of risk factors in this sample was less than 1—that
number was still double that of younger adults. How-
ever, younger adults reported a similar level of personal
risk of being affected by COVID-19, again suggestive
of poorer emotion regulation than older adults. Unsur-
prisingly, we found, in younger adults only, that the
severity of the pandemic in one’s locale and perceived
threat of COVID-19 were associated with depression
severity. It may also be that for younger people, the
perceived threat from COVID-19 extends beyond physi-
cal health. Indeed, pandemic-related disruptions on

employment and education (Environics Institute for
Survey Research, 2021) as well as loneliness (Wickens
et al., 2021) have been felt the greatest by younger
adults. Wickens and colleagues contextualized the age
difference in loneliness in relation to pandemic-related
declines in the quantity (vs. quality) of social interac-
tions that is of higher importance to the young (cf.
Nicolaisen & Thorsen, 2017). Our results show that in
younger adults, loneliness had more detrimental effects
on mental health than in older adults, even though the
number of days in isolation was similar between age
groups. This is not to say that loneliness does not have
negative impacts on older adults; our findings demon-
strate that it does significantly increase depression
severity, albeit to half the degree as it does in younger
adults which likely reflect older adults’ ability to better
regulate their emotions (Lang & Carstensen, 2002).
Indeed, the protective effects of age were weaker than
the detrimental effects of loneliness for both groups.
Nevertheless, the impacts of loneliness and isolation
beyond depression may be more significant in older
adults, given links to cognitive decline and dementia
risk (Griffin et al., 2020).

The results of this research highlight that depression
severity has a role in reducing the extension of self
into the future and that although this relationship was
true for both younger and older adults, the factors
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Fig. 2. Final model predicting future time extension (FTE) from age and depression severity. Modeled covariance (black dashed lines and
boxes) and variance (black solid boxes and double-headed arrows) for each variable are presented. Variables on the left-hand side of the
figure (gray boxes) were fully exogenous predictors of depression severity (partially endogenous) and/or FTE (fully endogenous). Younger
adults (YAs) are represented by dashed red lines, whereas older adults (OAs) are represented by solid blue lines. Asterisks indicate significant
paths (*p < .05, **p < .01, ***p < .001). Paths that did not differ between groups are depicted by solid black arrows. For regional severity, the
intercept and variance were constrained to be equal between groups. Icon graphs depicting group differences are embedded along each
path; the effect of the predictor (x-axis) on the dependent variable (y-axis) for each path is reflected. DEP = depression severity; ISO-L =
isolation-loneliness; ISO-D = isolation-days; RS = regional severity; PT = personal threat.

contributing to depression severity differed across age
groups. Critically, our results do not detract from find-
ings supporting SST (i.e., reduced future time perspec-
tive with age is associated with a more positive affect);
rather, our results add to the wealth of research in this
field by suggesting that the association between emo-
tional well-being and FTE is bidirectional. This study is
not without limitations, including the sample size,
which restricted the number of model parameters and
consequently our ability to examine the bidirectional
relationship between depression severity and FTE. An
important step in examining a bidirectional model

would be to identify factors that uniquely influence FTE
but not depression severity. Recruiting larger samples
and specifically targeting a more diverse range of older
adults in future studies will be important to demonstrate
the replicability of these findings outside of the COVID-

19 context and to facilitate examination of cross-cultural

differences using multilevel regression methods. We
note that the results reported here using these matched
age groups do hold when using our full data set
(younger adults < 50 years; older adult > 50 years),
which included a small number of middle-age adults

(45-55 years old); higher sampling rates in this
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middle-age group are needed to demonstrate the gen-
eralizability of our findings to this group. Despite our
efforts to diversify recruitment, our sample predomi-
nantly comprised White-identifying individuals from
Westernized cultures with secondary or higher educa-
tion and who were technologically literate with the
financial means to access technology; these character-
istics should be considered when interpreting these
results. However, within this sample, we demonstrated
that the reported effects are present after controlling for
sex, education, ethnicity, and geographical region (see
Section S4 and Tables S3 and S4 in the Supplemental
Material). We also matched younger and older partici-
pants by sex and country in order to control for these
variables in our interpretation of differences between
the two age groups. An additional limitation of this study
is its cross-sectional nature; an important future directive
is to examine these effects longitudinally.

In conclusion, this study provides empirical evidence
that, across two phases of the adult life span, both
chronological age and mental health are associated with
reductions in FTE. Although the effect of depression
severity on FTE was similar between younger and older
adults, the underlying factors contributing to depression
severity differed. Future research should focus on lever-
aging these individual differences to enhance treatment
and support for adults of all ages. This research also
supports the conclusion that age advantages for emo-
tional well-being can be reduced when environmental
and psychological stressors are present.
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