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1 | INTRODUCTION

The 2019 coronavirus disease (COVID-19) pandemic has been a
protracted global stressor with pernicious effects on mental health

Philip Cheng?

Summary

The COVID-19 pandemic is a rare stressor that has precipitated an accompanying men-
tal health crisis. Prospective studies traversing the pandemic's onset can elucidate how
pre-existing disease vulnerabilities augured risk for later stress-related morbidity. We
examined how pre-pandemic sleep reactivity predicted maladaptive stress reactions and
depressive symptoms in response to, and during, the pandemic. This study is a second-
ary analysis of a randomised controlled trial from 2016 to 2017 comparing digital cogni-
tive behavioural therapy for insomnia (dCBT-I) against sleep education (N = 208). Thus,
we also assessed whether dCBT-I moderated the association between pre-pandemic
sleep reactivity and pandemic-related distress. Pre-pandemic sleep reactivity was mea-
sured at baseline using the Ford Insomnia Response to Stress Test. In April 2020, partici-
pants were recontacted to report pandemic-related distress (stress reactions and
depression). Controlling for the treatment condition and the degree of COVID-19
impact, higher pre-pandemic sleep reactivity predicted more stress reactions (p = 0.13,
+ 0.07 SE, p = 0.045) and depression (f = 0.22, £ 0.07 SE, p = 0.001) during the pan-
demic. Further, the odds of reporting clinically significant stress reactions and depression
during the pandemic were over twice as high in those with high pre-pandemic sleep
reactivity. Notably, receiving dCBT-I in 2016-2017 mitigated the relationship between
pre-pandemic sleep reactivity and later stress reactions (but not depression). Pre-
pandemic sleep reactivity predicted psychological distress 3-4 years later during the
COVID-19 pandemic, and dCBT-I attenuated its association with stress reactions, spe-
cifically. Sleep reactivity may inform prevention and treatment efforts by identifying

individuals at risk of impairment following stressful events.
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(Aknin et al., 2021). While many individuals have shown resilience
(Gambin et al., 2021; Kimhi et al., 2021; Saunders et al., 2021), consis-
tent with health trajectories following trauma (Galatzer-Levy

et al,, 2018), others have experienced steadily worsening symptoms
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under this chronic stressor (Kimhi et al., 2021). Prospective studies
assessing health factors prior to and during the COVID-19 pandemic
are well positioned to help identify individuals who cope with chronic
stress maladaptively (Bonanno, 2021), thereby elucidating disease risk
factors that can be targeted to reduce morbidity in populations most
vulnerable to dysfunction in response to stress (Chen et al., 2020).
Accumulating evidence points to variability in stress system regulation
as an important determinant of individual responses to adversity
(Galatzer-Levy et al., 2018). Given its transdiagnostic nature, stress-
related sleep dysregulation has gained interest as a robust risk
factor for mental illness in response to stress exposure (Kalmbach
et al., 2018). Further, the recent pandemic illustrated the need to
better understand the role of sleep system dysregulation in the
context of a global stressor.

Sleep reactivity is a vulnerability to sleep disturbances in response
to a stressor (broadly defined) (Drake et al., 2004). Individuals with
highly reactive sleep systems experience sleep disruptions in response
to myriad laboratory challenges (Kalmbach et al., 2018) and naturalis-
tic stressors (Petersen et al., 2013) that, in turn, presage the develop-
ment of insomnia and mental illness over time (Drake et al., 2014;
Kalmbach, Pillai, Arnedt, Anderson, & Drake, 2016). Importantly, sleep
disturbances serve as barriers to adapting to adversity, augmenting
emotional sensitivity and increasing perceived stress (Krause
et al., 2017). For instance, sleep disturbances following trauma are
associated with increased risk for symptoms of depression and post-
traumatic stress disorder (PTSD) (Cox et al., 2017; Fan et al., 2017;
Kim et al., 2021; Koren et al., 2002; von Kanel et al., 2021). Yet, it is
unclear who is at greatest risk of developing these sleep disturbances
following exposure to potential trauma, hindering our ability to opti-
mally prevent their downstream effects. Given that sleep reactivity
precedes sleep disturbances, sleep reactivity may itself be an impor-
tant predictor of psychological reactions to adverse life events, such
as the COVID-19 pandemic.

Indeed, Neylan et al. (2021) recently found evidence that sleep reac-
tivity prospectively predicts outcomes in the wake of trauma (Neylan
et al., 2021). In their ongoing large-scale study of survivors of motor vehi-
cle collisions (MVCs), participants reported pre-MVC sleep reactivity
upon admission to the emergency department (among other sleep char-
acteristics). Notably, pre-MVC sleep reactivity was the most consistent
sleep-related predictor of posttraumatic reactions. Specifically, higher
pre-MVC sleep reactivity predicted PTSD and major depressive episodes
at 8 weeks (Neylan et al., 2021). While consistent with the role of sleep
reactivity in depression (Kalmbach et al., 2018), their novel findings
extend cross-sectional research on sleep reactivity in PTSD (Sanchez
et al., 2020) by indicating pre-trauma sleep reactivity prospectively pre-
dicts posttraumatic psychopathology. In doing so, their study suggests
sleep reactivity might help to identify individuals at risk of dysfunction
following stressful and potentially traumatic events. Taken with emerging
evidence that behavioural treatment effectively reduces sleep reactivity
(Cheng et al., 2022), it may then be feasible to target sleep reactivity to
prevent these deleterious outcomes.

One intervention that has shown promising preventative effects

is digital cognitive behavioural therapy for insomnia (dCBT-I). dCBT-I

is the delivery of CBT-I in a fully automated, online format via a com-
puter and/or mobile device. Like its face-to-face counterpart, dCBT-I
reliably improves insomnia (Zachariae et al., 2016), and accumulating
evidence shows that ameliorating insomnia produces an “upward spi-
ral” effect, whereby improved sleep begets broad, durable improve-
ments across other health domains (Batterham et al., 2017; Cheng
et al.,, 2021; Cheng, Kalmbach, et al., 2019). For instance, in our previ-
ous investigation, dCBT-I improved resilience that in turn buffered
against insomnia and depression 1 year later (Cheng et al., 2022).
Importantly, this protective effect was achieved, in part, by reducing
sleep reactivity. Thus, sleep reactivity is a modifiable risk factor that
could be targeted via dCBT-I to promote resilience to the COVID-19
pandemic.

The current study tested sleep reactivity as a prospective predic-
tor of COVID-19 pandemic-related distress and built on the above
work by addressing two important limitations. First, Neylan et al.
assessed pre-MVC sleep reactivity retrospectively while participants
were in the emergency department, thus potentially introducing recall
bias (Neylan et al., 2021). Second, the researchers used an abridged
measure of the sleep reactivity construct to minimise participant bur-
den. In contrast, the current study used a full, psychometrically sound
measure of sleep reactivity assessed prior to the COVID-19 pandemic
in 2016-2017 to evaluate the predictive value of sleep reactivity. In
addition, we further extended the aforementioned study with a pre-
liminary test of dCBT-I modifying the relationship between sleep reac-
tivity and pandemic-related distress (i.e. stress reactions and
depressive symptoms). Consistent with the literature reviewed, we
expected that higher pre-pandemic sleep reactivity would predict
more severe stress reactions and depressive symptoms during the
pandemic. Furthermore, we hypothesised that receiving dCBT-I in
2016-2017 would diminish the predictive effects of pre-pandemic

sleep reactivity on subsequent pandemic-related distress.

2 | METHOD

21 | Participants and procedure

This study utilised data from participants recruited in southeastern
Michigan for a randomised controlled trial comparing the efficacy of
self-guided digital cognitive behavioural therapy for insomnia (dCBT-I;
n = 358) against a sleep education control condition (n = 300) in
treating insomnia (Cheng, Luik, et al., 2019) and in preventing incident
depression (SPREAD trial; NCT02988375) (Cheng, Kalmbach,
et al., 2019). Participants initially enrolled in the SPREAD trial between
2016 and 2017. Eligible participants met criteria for insomnia disorder
via an online screener based on the DSM-5 (American Psychiatric
Association, 2013). Participants were excluded from the SPREAD trial if
they reported a diagnosis of any untreated sleep disorders besides
insomnia (e.g. obstructive sleep apnea, restless legs, etc.), and bipolar or
seizure disorders. Because the SPREAD trial included a depression pre-
vention aim, individuals with high depression chronicity (self-reported

daily or near daily depressed mood and anhedonia) were excluded (see
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(Cheng, Kalmbach, et al., 2019) for addition details). Individuals random-
ised to the dCBT-l condition completed six sessions of self-guided
dCBT-I directed by an animated “virtual therapist” who reviewed and
guided the participants’ progress. Individuals randomised to the online
sleep education condition received six weekly e-mails based on the NIH
guide to healthy sleep (National Institutes of Health, 2011).

All participants in the SPREAD trial were eligible for follow-up in
the present study (Cheng et al., 2021). Email invitations were sent
during the last week of April 2020, 5 weeks into Michigan's stay-at-
home order, with approximately 40,000 cases and 3800 deaths
reported across the state (Dong et al., 2020). Enrolment was closed in
the first week of May 2020 after achieving the target sample of
200 participants (final N = 208 [dCBT-I: n = 102; control: n = 106];
78.4% women, M,ge = 44.67, SD = 14.13, range = 18-80). Partici-
pants reported being mostly White (71.2%), followed by Black
(23.1%), and Other (5.7%). Informed consent was obtained from all
participants, and all procedures were approved by the Institutional
Review Board at Henry Ford Health.

22 | Measures

221 | Pre-pandemic sleep reactivity

Participants reported their pre-pandemic levels of sleep reactivity in
2016-2017 using the Ford Insomnia Response to Stress Test (FIRST)
(Drake et al., 2004). The FIRST is a nine-item questionnaire of sleep
reactivity as operationalised by a vulnerability to experience sleep dis-
turbances when faced with different stressors (e.g. “After an argu-
ment”). Participants reported the likelihood of having difficulty
sleeping when experiencing stressors using a four-point scale ranging
from not likely (1) to very likely (4), with higher values indicating
greater sleep reactivity prior to the pandemic. The FIRST has good
psychometric properties (Kalmbach et al., 2018), including temporal
stability and test-retest reliability across stressors (Drake et al., 2014;
Jarrin et al., 2016), making it an ideal candidate risk factor for psycho-
logical dysfunction during an ongoing pandemic marked by changing
and unpredictable challenges. Further, there is evidence the FIRST
measures a unique sleep-specific component of stress reactivity that
is distinct from general trait hyperarousal (Jarrin et al., 2014). We used
the pre-pandemic FIRST as our predictor of pandemic outcomes by
computing both a sum score (range = 9-36) and a dichotomised vari-
able, with scores 218 indicating high sleep reactivity prior to the pan-
demic (Kalmbach, Pillai, Arnedt, Anderson, & Drake, 2016). The
internal consistency for the FIRST in this study was good (« = 0.88).

222 | Pandemic-related stress reactions
Participants reported their stress reactions to the pandemic using the
Impact of Events Scale - Revised (IES-R) (Weiss, 2007). The IES-R is a

22-item questionnaire that measures distress over the past week in

Research

response to a stressful or potentially traumatic event along three
symptom clusters: intrusions, hyperarousal, and avoidance. We tai-
lored the IES-R instructions to ask participants about their stress reac-
tions to “the COVID-19 pandemic”, specifically (e.g. I had waves of
strong feelings about it”). Participants indicated how distressed they
were by each stress reaction using a five-point scale ranging from not
at all (0) to extremely (4), with higher scores indicating more severe
stress reactions to the pandemic.

The IES-R is regarded as a measure of post-trauma phenomena
rather than general distress (Beck et al., 2008). It has good psychometric
properties across several trauma-exposed samples, including convergent
validity with PTSD symptoms and the ability to discriminate between
individuals with and without interview-assessed PTSD (Adkins
et al., 2008; Beck et al., 2008; Rash et al., 2008). Several cut-offs have
been developed for the IES-R to facilitate interpretation of stress reaction
severity: IES-R scores 224 indicate clinical concern (Asukai et al., 2002),
and scores 233 indicate clinically significant impairment, providing diag-
nostic sensitivity of 0.91 and specificity of 0.82 in detecting DSM-IV
PTSD (Creamer et al., 2003). We utilised these cut-offs in addition to the
total IES-R score (range = 0-88) as our outcome of maladaptive stress
reactions to the pandemic, and mean scores from each subscale in
follow-up analyses. The internal consistency for the overall IES score and
its subscales in this study were as follows: total score o = 0.91; intrusions
o = 0.91; hyperarousal « = 0.85; avoidance a = 0.73.

It is important to note that the original IES was developed at a
time that predated the inclusion of PTSD as a diagnosis in the DSM-III
(American Psychiatric Association, 1980), and the most recent version
(IES-R) queries about “stressful life events” that may or may not meet
full diagnostic criteria for a DSM-5 Criterion A trauma, an ICD-11
PTSD qualifying event, or both (Norrholm et al., 2021). However, the
IES-R remains an effective tool for assessing the distressful impact of
a significant life event such as the COVID-19 pandemic, at least as a
screening instrument, whereas ultimate PTSD diagnostic status should

be evaluated clinically with full measures and interview.

2.2.3 | Pandemic-concurrent depressive symptoms

Participants reported their depressive symptoms during the pandemic
using the 16-item Quick Inventory of Depressive Symptomatology
self-report (QIDS-SR4¢) (Rush et al., 2003). Participants indicated the
severity of their depression over the past week using a 4-point scale,
with higher scores indicating more severe symptoms. The QIDS-SR4¢
is a reliable and validated instrument for measuring depressive symp-
toms (Reilly et al., 2015). Scores on the QIDS-SR;¢ range from O to
27, with scoring criteria ranging from O to 5 (normal), 6 to 10 (mild),
11 to 15 (moderate), 16 to 20 (severe), and 21 to 27 (very severe)
(Rush et al., 2003). We used both the QIDS-SR4¢ total score as our
outcome of depressive symptoms and a cut-off score > 11 to detect
clinically significant depression during the pandemic (Lamoureux
et al., 2010). The internal consistency for the overall QIDS-SR;¢ score

was good (a = 0.81).
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224 | Degree of COVID-19 impact
When assessing for the ability of individual characteristics to predict
adjustment to adversity, it is important to consider exposure severity
to the event itself (Bonanno, 2020; Chen et al., 2020). Therefore, we
used a modified version of the Life Events Checklist (LEC) (Weathers
et al.,, 2013) to isolate the predictive effects of sleep reactivity beyond
the degree to which participants were impacted by COVID-19.
Participants were presented with three events on the LEC:
(1) exposure to the coronavirus; (2) life-threatening illness or injury
related to the coronavirus; and (3) severe human suffering related to
the coronavirus. Participants indicated the degree to which they expe-
rienced any event along the following response scale: (1) it happened
to me; (2) | witnessed it happening to someone else; (3) | learned
about it happening to a close friend or family member; (4) | was
exposed to it as part of my job; (5) not sure; or (6) it does not apply to
me. Direct impact from COVID-19 was operationalised as any
endorsement of responses 1 to 4 on at least one of the three items
described and used as a covariate.

2.3 | Data analysis

We first screened for data quality and examined correlations and
descriptive statistics using IBM SPSS version 21 (Armonk, NY). We
then performed regression models in R using the stats package

(R Core Team, 2021). We ran the following models:

1. hierarchical linear regressions to analyse pre-pandemic sleep reac-
tivity (FIRST sum score) as a predictor of pandemic-related stress
reactions (IES-R sum score) and pandemic-concurrent depression
(QIDS-SR44 sum score);

2. logistic regressions to estimate the odds ratio (OR) of reporting clini-
cally significant stress reactions (IES-R score > 33) and depressive
symptoms (QIDS-SR;¢ score > 11) during the pandemic among those
with high pre-pandemic sleep reactivity (FIRST score > 18); and

3. moderation analyses to test whether receiving dCBT-l in 2016-
2017 modified the relationship between pre-pandemic sleep reac-
tivity and later distress. Specifically, we tested a two-way interaction
between pre-pandemic sleep reactivity (FIRST sum score) and treat-
ment condition (0 = control, 1 = dCBT-I) in predicting pandemic-
related stress reactions (IES-R sum score) and pandemic-concurrent

depressive symptoms (QIDS-SR14 sum score).

All analyses covaried for treatment condition and COVID-19
impact (O = no direct impact, 1 = direct impact). We also assessed
age in years (from 2020) and sex as potential covariates and
retained each when significant. Additional sensitivity analyses were
conducted to assess changes in non-sleep symptoms; we ran
models with and without the sleep items from the IES-R (intrusion
and hyperarousal subscales; items 2, 15, and 20) and QIDS-SR¢
(items 1-4). Beta weights (B) represent standardised regression

coefficients.

Performing research during a pandemic might be prone to
selection bias (Sullivan, 2020; Zhao et al., 2021). Hence, we utilised
sampling weights for all analyses to mitigate differences in the prob-
ability of selection into the study relative to the original population
of SPREAD trial participants. This sampling weight approach is
described in more detail in our previous publication (Cheng
et al., 2021).

3 | RESULTS

3.1 | Sample characteristics
This sample's average FIRST score was above the 18-point cut-off,
indicating high levels of sleep reactivity prior to the pandemic. The
average |ES-R exceeded the 24-point cut-off indicating clinically
concerning stress reactions to the pandemic, and 30.3% of partici-
pants scored above the 33-point threshold suggestive of clinically
significant and impairing stress reactions. Lastly, the average QIDS-
SR4¢ score during the pandemic was nearing the 11-point cut-off
marking the lower bound of the moderate depressive symptom
range.! All other descriptive statistics and correlations are pre-
sented in Table 1.

Most participants (67.3%) reported being directly impacted by
COVID-19. The breakdown of exposure severity among this portion

of the sample is presented in Table 2.

3.2 | Sleep reactivity predicts pandemic-related
stress reactions 3-4 years later

Qur first linear regression modelled pre-pandemic sleep reactivity
predicting pandemic-related stress reactions (see Table S1). As
expected, higher pre-pandemic sleep reactivity predicted more
severe stress reactions to the pandemic (B = 0.13, +0.07 SE,
p = 0.045). Age and sex were not significant covariates. Follow-up
analyses indicated the effect of pre-pandemic sleep reactivity was
most prominent for hyperarousal (3 = 0.17, + 0.07 SE, p = 0.012)
and intrusions (8 = 0.15, + 0.07 SE, p = 0.027), but not significant
for avoidance.?

We then conducted a logistic regression to estimate the odds of
reporting clinically significant stress reactions for individuals with high
pre-pandemic sleep reactivity (see Table $2).2 The findings revealed
that individuals with higher pre-pandemic sleep reactivity had over
twice the odds of reporting clinically significant stress reactions to the
pandemic (OR = 2.65, 95% CI [1.51, 4.67]).

3.3 | dCBT-I mitigates effect of sleep reactivity on
pandemic-related stress reactions

Our moderation analyses revealed that receiving dCBT-I prior to the pan-

demic exerted a protective effect against pandemic-related stress
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TABLE 1 Descriptive statistics and bivariate correlations among study variables
Scale® 1 2 3 4 5 6 7 8
1. COVID-19 impact —
2. Sleep reactivity 0.05 =
3. Stress reactions 0.27** 0.16* -
4. Intrusions 0.33** 0.17* 0.91** -
5. Hyperarousal 0.20** 0.19** 0.91* 0.80** --
6. Avoidance 0.11 0.02 0.69** 0.39** 0.47** —
7. Depression 0.13 0.22** 0.68** 0.59** 0.75** 0.36** -
8. Age -0.12 —0.16* —0.14* —0.09 —0.14* —-0.13 -0.19* —
Min 0 9 0 0 0 0 2 18
Max 1 36 77 3.63 3.83 3.38 24 80
Mean 0.67 24.70 26.84 1.34 1.33 1.02 10.69 44.67
Median 1.00 25.00 25.00 1.25 1.17 0.88 10.00 45.00
SD 0.47 6.67 14.47 0.87 0.91 0.58 4.35 14.13

Pearson and point-biserial correlations. COVID-19 impact = severity of COVID-19 exposure (no direct impact = 0, direct impact = 1); sleep reactivity = Ford
Insomnia Response to Stress Test sum score; stress reactions = pandemic-related stress reactions (Impact of Events Scale - Revised (IES-R) sum score);
intrusions, hyperarousal, and avoidance = IES-R subscale mean scores; depression = pandemic-concurrent depressive symptoms (16-item self-report Quick

Inventory of Depressive Symptomatology); age = age in years.

2All variables measured in April-May 2020, except sleep reactivity (measured between 2016 and 2017).

*p < 0.05. **p < 0.01.

TABLE 2 Breakdown of COVID-19 exposure severity

It happened
COVID-19 event to me
Exposure to coronavirus 10.3%

Life-threatening illness or injury related to the coronavirus 5.7%

Severe human suffering related to the coronavirus 5.6%

Data are based on a modified version of the Life Events Checklist.

reactions among individuals with high pre-pandemic sleep reactivity
(B = —0.35, + 0.13 SE, p = 0.008), such that they reported significantly
lower levels of stress reactions to the pandemic if they received dCBT-I in
2016-2017 rather than the sleep education control (see Figure 14

Table S3 contains all results from the final step of the moderation model.

3.4 | Sleep reactivity predicts pandemic-
concurrent depressive symptoms 3-4 years later

Our second linear regression examined pre-pandemic sleep reactivity
as a predictor of depressive symptoms during the pandemic
(see Table S1). Consistent with our hypothesis, pre-pandemic sleep
reactivity significantly predicted pandemic-concurrent depressive
symptoms (p = 0.22, + 0.07 SE, p = 0.001).> Age was retained as a
covariate in this and subsequent models of depression, but sex was
not significant.

Our final logistic regression estimated the odds of reporting

clinically significant depressive symptoms for individuals with

I learned about it
happening to a close
friend or family

| witnessed it happening | was exposed to it

to someone else member as part of my job
10.3% 64.4% 14.9%
16.1% 73.6% 4.6%
20.2% 68.5% 5.6%

high pre-pandemic sleep reactivity (see Table S2). Like our previ-
ous model, individuals with high sleep reactivity before the pan-
demic were over twice as likely to report clinically significant
depressive symptoms during the pandemic (OR = 2.72, 95% Cl
[1.69, 4.38]), even while adjusting for age (OR = 2.58, 95% CI
[1.59, 4.16]).

3.5 | dCBT-l does not mitigate effect of sleep
reactivity on pandemic-concurrent depression

Conversely, prior dCBT-1 did not significantly moderate the
relationship between pre-pandemic sleep reactivity and subse-
quent depression during the pandemic, although the beta was
—-0.16, +0.14 SE,
p = 0.232).° Said differently, individuals with high pre-pandemic

in the hypothesised direction (B =

sleep reactivity reported comparable levels of depression during
the pandemic, regardless of whether they received dCBT-I or

the sleep education control in 2016-2017 (see Figure 2). See
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35 4

--4-- dCBT-1

30 A

Pandemic-Related Stress Reactions
(3
(=]

0
Low (-1 SD) High (+1 SD)
Pre-Pandemic Sleep Reactivity
FIGURE 1 dCBT-I buffers the effect of pre-pandemic sleep

reactivity on pandemic-related stress reactions. Control = sleep
education; dCBT-I = digital cognitive behavioural therapy for insomnia;
pandemic-related stress reactions = impact of events scale - revised
sum score (measured in April-May 2020); low versus high pre-
pandemic sleep reactivity = 1 standard deviation below and above the
mean of the Ford Insomnia Response to Stress Test sum score
(measured in 2016-2017). Model adjusted for severity of COVID-19
exposure (no direct impact = O, direct impact = 1)

—— Control
20 A

--4-- dCBT-I

Pandemic-Concurrent Depression

Low (-1 SD) High (+1 SD)
Pre-Pandemic Sleep Reactivity

FIGURE 2 dCBT-I does not buffer the effect of pre-pandemic
sleep reactivity on pandemic-concurrent depression. Control = sleep
education; dCBT-| = digital cognitive behavioural therapy for
insomnia; pandemic-concurrent depression = 16-item self-report
quick inventory of depressive symptomatology sum score (measured
in April-May 2020); low versus high pre-pandemic sleep

reactivity = 1 standard deviation below and above the mean of the
Ford Insomnia Response to Stress Test sum score (measured in 2016-
2017). Model adjusted for severity of COVID-19 exposure (no direct
impact = O, direct impact = 1), as well as age during the pandemic
(in years) because it was a significant covariate with depression
(results did not vary substantially after removing age from model)

Table S3 for all results from the final step of both moderation
models.

4 | DISCUSSION

This study tested pre-pandemic sleep reactivity as a prospective pre-

dictor of distress 3-4 years later, early into the COVID-19 pandemic's

first wave in the USA, and whether receiving dCBT-I in 2016-2017
prevented these outcomes. As expected, sleep reactivity from 2016
to 2017 predicted more severe stress reactions and depressive symp-
toms in response to, and during, the pandemic in April-May 2020.
More precisely, compared with low reactive sleepers, individuals who
were highly reactive sleepers prior to the pandemic were over twice
as likely to report clinically significant stress reactions and depressive
symptoms one month into the pandemic. These effects were indepen-
dent of the degree to which COVID-19 impacted participants, thereby
supporting sleep reactivity as an important predictor of pandemic-
related adjustment that cuts across exposure severity (Bonanno,
2020). Our findings also build on previous evidence that sleep reactiv-
ity predicts posttraumatic sequelae (Neylan et al., 2021) and demon-
strate its predictive utility generalises to other significant and novel
stressors. Moreover, receiving dCBT-I prior to the pandemic mitigated
the predictive effect of pre-pandemic sleep reactivity on stress reac-
tions to the pandemic. Taken together, sleep reactivity may identify
individuals at risk of clinically significant distress following stressors
and potential trauma, and dCBT-I could be one preventative interven-
tion to enhance resilience among this vulnerable group.

Sleep reactivity reflects a predisposition to difficulties falling
and/or staying asleep when confronted with a stressor or challenge
(Drake et al., 2004). As such, one explanation for our findings might
be found in the way disturbed sleep impacts the ability to cope with
stressors (Vandekerckhove et al., 2018). When stressed, highly reac-
tive sleepers exhibit decreased rapid eye movement (REM) sleep and
increased nocturnal arousals (particularly during REM) (Petersen
et al., 2013). It is possible these sleep disruptions hinder the overnight
lowering of noradrenaline during REM, resulting in elevated noradren-
ergic tone during the day that helps to sustain the intensity of emo-
tional experiences and exacerbates affective reactivity (Krause
et al., 2017; Vandekerckhove et al., 2018). This aligns with our explor-
atory findings that sleep reactivity predicted the specific stress
responses of intrusions (e.g. “l thought about it when | didn't mean
to”) and hyperarousal (e.g. “| was jumpy and easily startled”). Though
more work is needed to test these putative mechanisms, our finding
that prior insomnia treatment prevented stress reactions associated
with sleep reactivity underscores the influential role of sleep in this
relationship.

Relative to the sleep education control, individuals with high pre-
pandemic sleep reactivity who received dCBT-I in 2016-2017 exhib-
ited significantly lower levels of pandemic-related stress reactions in
2020. However, receiving dCBT-I did not significantly alter depression
severity during the pandemic for individuals who were reactive
sleepers before the pandemic. This suggests dCBT-I confers protec-
tive effects for reactive sleepers against maladaptive stress reactions,
but not depression. This is difficult to reconcile with our previous
study among this same sample, in which we found dCBT-I resulted in
less severe depressive symptoms during the pandemic (Cheng
et al., 2021). Perhaps the inclusion of sleep reactivity in the current
study accounts for this discrepancy. However, reactive sleepers’ risk
for depression is largely mediated by sleep disturbances (Kalmbach

et al, 2018), and so it is unclear why treating insomnia would be
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insufficient in alleviating the depression risk associated with sleep
reactivity. Alternatively, it is conceivable that we had insufficient
power for these analyses, especially considering dCBT-I interacted
with sleep reactivity in the expected direction (i.e. predicting less
depression). Additional research should be carried out in larger sam-
ples before drawing firm conclusions about these preliminary data.

Overall, our results converge with those of Neylan et al., who
reported sleep reactivity predicted PTSD and major depressive
episodes 8 weeks after motor vehicle collisions (MVCs) (Neylan
et al., 2021). Due to their study's design in recruiting acutely trauma-
tised patients, however, pre-MVC sleep reactivity was assessed retro-
spectively while in the emergency department and using an abridged
version of the FIRST. Our study therefore builds on theirs by
using pre-event data on the full FIRST as a prospective predictor of
post-event distress. Further, our use of pandemic outcomes, mea-
sured 3-4 years after the FIRST, provides evidence that the predictive
effect of sleep reactivity is both generalisable to a unique stressor and
stable across relatively distal timepoints. Our findings also indicate
sleep reactivity was not simply predicting the sleep disturbances
associated with either depression or the hyperarousal and intrusion
stress reactions, as they remained significantly related even when
these sleep items were removed from their respective scales. Taken
together, sleep reactivity appears to be a potential risk factor for dele-
terious outcomes after traumatic and adverse life events that could
be prevented with insomnia treatment. Individuals most vulnerable
to experiencing dysfunction following stressful life events may be
identified a priori using the FIRST and subsequently triaged by high
versus low sleep reactivity to receive CBT-l to prevent or minimise
posttraumatic sequelae. More studies are needed to evaluate this
approach, however, including whether CBT-I confers resilience when
delivered shortly after trauma exposure (e.g. emergency department
patients).

4.1 | Limitations and strengths

Our findings must be interpreted within the context of several limita-
tions. First, our sample had insomnia during our assessment of pre-
pandemic sleep reactivity. Individuals with insomnia have significantly
elevated FIRST scores relative to those without a lifetime history of the
disorder (Kalmbach, Pillai, Arnedt, & Drake, 2016), perhaps due in part to
the development of insomnia itself (Kalmbach et al., 2016). Although this
limits the generalisability of our study, it is notable that our findings
nonetheless dovetail with those from trauma survivors presenting to the
emergency department (Neylan et al., 2021). Taken together, this con-
vergent evidence supports a sensitive sleep system as a prognostic indi-
cator for future clinically significant distress following adversity.

Second, our data on pandemic-related functioning were collected
at a single timepoint shortly after the onset of the pandemic. Thus,
although we discuss sleep reactivity as a potential risk factor for psy-
chological distress during the pandemic, it is possible we captured
transient reactions that would have remitted over repeated assess-

ments or later waves of the pandemic. Future research may examine
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how sleep reactivity predicts outcome trajectories across multiple
timepoints to elucidate its relationship with longer-term adjustment
to adversity, including how it distinguishes between individuals with
acute, delayed, or chronic reactions (Bonanno, 2020). Still, our finding
that pre-existing sleep reactivity predicts variability in post-event dis-
tress satisfies a necessary step toward including sleep reactivity in
studies designed to forecast risk for psychopathology following
potential trauma (Chen et al., 2020). Moreover, despite the prolifera-
tion of research uncovering predictors of pandemic-related distress,
much of this relies on cross-sectional data that severely restricts their
generalisability (Manchia et al., 2022). This study addresses an urgent
need for researchers to utilise prospective designs to more precisely
uncover variables relevant to psychological adjustment during the
COVID-19 pandemic (Bonanno, 2020).

Third, we must emphasise our outcomes on stress reactions do
not necessarily reflect PTSD symptoms. This is because the COVID-
19 pandemic subsumes myriad experiences of variable intensity that
do not always meet the Criterion A definition of trauma required for
PTSD, as outlined by the Diagnostic and Statistical Manual of Mental
Disorders, Fifth edition (American Psychiatric Association, 2013;
Norrholm et al., 2021). Additional work using more methodologically
rigorous designs (e.g. interviews) is needed to delineate adequately
the conditions under which individual COVID-19 experiences qualify
as Criterion A traumas. Even so, our use of the LEC allowed us to
characterise participants’ COVID-19 experiences more precisely,
revealing that nearly three quarters of our sample learned about a
close friend or family member enduring life-threatening illness or
injury related to COVID-19. This distinguishes the relatively acute
nature of our sample's COVID-19 exposure from the lower magni-
tude, chronic threat of potential exposure befalling the broader popu-
lation (Norrholm et al., 2021). Taken together with previous evidence
sleep reactivity predicts PTSD onset (Neylan et al., 2021), these data
collectively point to sleep reactivity as a candidate risk factor for

PTSD warranting further investigation.

5 | CONCLUSION

A pre-existing vulnerability to sleep disturbances (sleep reactivity) was
related to more distress 3-4 years later in response to, and during, the
COVID-19 pandemic. More specifically, the odds of reporting clinically
significant stress reactions and depression in April-May 2020 were
over twice as high among individuals who were highly reactive sleepers
in 2016-2017. Yet, receiving dCBT-1 in 2016-2017 buffered the
effects of pre-pandemic sleep reactivity on subsequent stress reactions
to the pandemic (but not depression). Sleep reactivity may detect indi-
viduals most vulnerable to dysfunction after adversity and implement-
ing dCBT-I prior to stressors may promote resilience among this at-risk
group.
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ENDNOTES
1 Comparable to pre-treatment QIDS-SR1¢: M = 11, SD = 4.69.

2 After removing the sleep items from the IES-R, the linear relationship
between pre-pandemic sleep reactivity and the overall IES-R became
null (8 = 0.11, + 0.07 SE, p = 0.116), yet pre-pandemic sleep reactivity
remained a significant predictor of both the hyperarousal (3 = 0.14,
+0.07 SE, p = 0.042) and intrusions subscales (3 = 0.14, + 0.06 SE,
p = 0.034). This suggests the relationship between sleep reactivity and
the overall IES-R may have been obfuscated by the inclusion of the
avoidance subscale, while also highlighting that the relationship between
sleep reactivity, hyperarousal, and intrusions is not specific to the sleep
disturbances associated with these symptom clusters.

w

Logistic regression models were not re-run with sleep items omitted from
the IES-R and QIDS-SR;¢ because doing so would alter these scales' psy-
chometrically derived cutoff scores we used for our outcomes.

IS

Moderation results remained consistent after removing the sleep items
from the IES-R (3 = —0.38, + 0.13 SE, p = 0.004).

Linear regression results remained consistent after removing the sleep
items from the QIDS-SR4¢ (B = 0.20, + 0.07 SE, p = 0.002).

¢ Moderation results remained consistent after removing the sleep items
from the QIDS-SR4¢ (B = —0.16, + 0.14 SE, p = 0.240).

w

REFERENCES

Adkins, J. W., Weathers, F. W., McDevitt-Murphy, M., & Daniels, J. B.
(2008). Psychometric properties of seven self-report measures of
posttraumatic stress disorder in college students with mixed civilian
trauma exposure. Journal of Anxiety Disorders, 22(8), 1393-1402.
https://doi.org/10.1016/j.janxdis.2008.02.002

Aknin, L. B., De Neve, J. E,, Dunn, E. W., Fancourt, D., Goldberg, E.,
Helliwell, J., Jones, S., Karam, E., Layard, R. Lyubomirsky, S.,
Rzepa, A., Saxena, S., Thornton, E., VanderWeele, T., Whillans, A.,
Zaki, J., Caman, O. K., & Amor, Y. B. (2021). Mental health during the
first year of the COVID-19 pandemic: A review and recommendations
for moving forward [reprint]. PsyArXiv. https://doi.org/10.31234/0sf.
io/zw93g

American Psychiatric Association. (1980). Diagnostic and statistical manual
of mental disorders (3rd ed.).

American Psychiatric Association. (2013). Diagnostic and statistical manual
of mental disorders: DSM-5 (5th ed.). American Psychiatric Publishing.

Asukai, N., Kato, H., Kawamura, N., Kim, Y., Yamamoto, K., Kishimoto, J., ...
Nishizono-Maher, A. (2002). Reliabiligy and validity of the Japanese-
language version of the impact of event scale-revised (les-RJ): Four
studies of different traumatic events. The Journal of Nervous and Men-
tal Disease, 190(3), 175-182. https://doi.org/10.1097/00005053-
200203000-00006

Batterham, P. J., Christensen, H., Mackinnon, A. J., Gosling, J. A,
Thorndike, F. P., Ritterband, L. M., Glozier, N., & Griffiths, K. M.
(2017). Trajectories of change and long-term outcomes in a random-
ised controlled trial of internet-based insomnia treatment to prevent
depression. BJPsych Open, 3(5), 228-235. https://doi.org/10.1192/
bjpo.bp.117.005231

Beck, J. G, Grant, D. M, Read, J. P., Clapp, J. D. Coffey, S. F,
Miller, L. M., & Palyo, S. A. (2008). The impact of event scale-Revised:
Psychometric properties in a sample of motor vehicle accident survi-
vors. Journal of Anxiety Disorders, 22(2), 187-198. https://doi.org/10.
1016/j.janxdis.2007.02.007

Bonanno, G. A. (2020). Psychological adjustment during the global out-
break of COVID-19: A resilience perspective. Psychological Trauma:
Theory, Research, Practice, and Policy, 12(S1), S51-S54. https://doi.
org/10.1037/tra0000685

Bonanno, G. A. (2021). The end of trauma: How the new science of resilience
is changing how we think about PTSD (1st ed.). Basic Books.

Chen, S., Bagrodia, R., Pfeffer, C. C., Meli, L., & Bonanno, G. A. (2020). Anx-
iety and resilience in the face of natural disasters associated with cli-
mate change: A review and methodological critique. Journal of Anxiety
Disorders, 76, 102297. https://doi.org/10.1016/j.janxdis.2020.102297

Cheng, P., Casement, M. D., Kalmbach, D. A, Castelan, A. C, &
Drake, C. L. (2021). Digital cognitive behavioral therapy for insomnia
promotes later health resilience during the coronavirus disease
19 (COVID-19) pandemic. Sleep, 44(4), zsaa258. https://doi.org/10.
1093/sleep/zsaa258

Cheng, P., Kalmbach, D. A., Hsieh, H.-F., Castelan, A. C., Sagong, C., &
Drake, C. L. (2022). Improved resilience following digital cognitive
behavioral therapy for insomnia protects against insomnia and depres-
sion one year later. Psychological Medicine, 1-11. https://doi.org/10.
1017/50033291722000472

Cheng, P., Kalmbach, D. A, Tallent, G., Joseph, C. L., Espie, C. A, &
Drake, C. L. (2019). Depression prevention via digital cognitive behav-
ioral therapy for insomnia: A randomized controlled trial. Sleep, 42(10),
z52150. https://doi.org/10.1093/sleep/zsz150

Cheng, P., Luik, A. |, Fellman-Couture, C., Peterson, E., Joseph, C. L. M,,
Tallent, G., Tran, K. M., Ahmedani, B. K, Roehrs, T., Roth, T. &
Drake, C. L. (2019). Efficacy of digital CBT for insomnia to reduce depres-
sion across demographic groups: A randomized trial. Psychological Medi-
cine, 49(3), 491-500. https://doi.org/10.1017/50033291718001113

Cox, R. C,, Tuck, B. M., & Olatunji, B. O. (2017). Sleep disturbance in posttrau-
matic stress disorder: Epiphenomenon or causal factor? Current Psychiatry
Reports, 19(4), 22. https://doi.org/10.1007/511920-017-0773-y

Creamer, M., Bell, R., & Failla, S. (2003). Psychometric properties of the
impact of event scale—Revised. Behaviour Research and Therapy,
41(12), 1489-1496. https://doi.org/10.1016/j.brat.2003.07.010

Dong, E., Du, H., & Gardner, L. (2020). An interactive web-based dash-
board to track COVID-19 in real time. The Lancet Infectious Diseases,
20(5), 533-534. https://doi.org/10.1016/51473-3099(20)30120-1

Drake, C., Richardson, G., Roehrs, T., Scofield, H., & Roth, T. (2004).
Vulnerability to stress-related sleep disturbance and hyperarousal.
Sleep, 27(2), 285-291. https://doi.org/10.1093/sleep/27.2.285

Drake, C. L., Pillai, V., & Roth, T. (2014). Stress and sleep reactivity: A pro-
spective investigation of the stress-diathesis model of insomnia. Sleep,
37(8), 1295-1304. https://doi.org/10.5665/sleep.3916

Fan, F., Zhou, Y., & Liu, X. (2017). Sleep disturbance predicts posttraumatic
stress disorder and depressive symptoms: A cohort study of Chinese


https://orcid.org/0000-0002-2783-1678
https://orcid.org/0000-0002-2783-1678
https://orcid.org/0000-0003-3107-0522
https://orcid.org/0000-0003-3107-0522
https://orcid.org/0000-0002-5906-0994
https://orcid.org/0000-0002-5906-0994
https://doi.org/10.1016/j.janxdis.2008.02.002
https://doi.org/10.31234/osf.io/zw93g
https://doi.org/10.31234/osf.io/zw93g
https://doi.org/10.1097/00005053-200203000-00006
https://doi.org/10.1097/00005053-200203000-00006
https://doi.org/10.1192/bjpo.bp.117.005231
https://doi.org/10.1192/bjpo.bp.117.005231
https://doi.org/10.1016/j.janxdis.2007.02.007
https://doi.org/10.1016/j.janxdis.2007.02.007
https://doi.org/10.1037/tra0000685
https://doi.org/10.1037/tra0000685
https://doi.org/10.1016/j.janxdis.2020.102297
https://doi.org/10.1093/sleep/zsaa258
https://doi.org/10.1093/sleep/zsaa258
https://doi.org/10.1017/S0033291722000472
https://doi.org/10.1017/S0033291722000472
https://doi.org/10.1093/sleep/zsz150
https://doi.org/10.1017/S0033291718001113
https://doi.org/10.1007/s11920-017-0773-y
https://doi.org/10.1016/j.brat.2003.07.010
https://doi.org/10.1016/S1473-3099(20)30120-1
https://doi.org/10.1093/sleep/27.2.285
https://doi.org/10.5665/sleep.3916

REFFI ET AL.

Journal of

Sleep ESRSVM 9 of 10

adolescents. The Journal of Clinical Psychiatry, 78(7), 882-888. https://
doi.org/10.4088/JCP.15m10206

Galatzer-Levy, I. R., Huang, S. H., & Bonanno, G. A. (2018). Trajectories of
resilience and dysfunction following potential trauma: A review and
statistical evaluation. Clinical Psychology Review, 63, 41-55. https://
doi.org/10.1016/j.cpr.2018.05.008

Gambin, M., Oleksy, T., Sekowski, M., Wnuk, A., Wozniak-Prus, M.,
Kmita, G., Holas, P., Pisula, E., tojek, E., Hansen, K., Gorgol, J.,
Kubicka, K., Huflejt-tukasik, M., Cudo, A, tys, A. E., Szczepaniak, A., &
Bonanno, G. A. (2021). Pandemic trajectories of depressive and anxi-
ety symptoms and their predictors: Five-wave study during the
COVID-19 pandemic in Poland. Psychological Medicine, 1-3. https://
doi.org/10.1017/50033291721005420

Jarrin, D. C., Chen, I. Y., Ivers, H., Drake, C. L., & Morin, C. M. (2016). Tem-
poral stability of the ford insomnia response to stress test (FIRST).
Journal of Clinical Sleep Medicine, 12(10), 1373-1378. https://doi.org/
10.5664/jcsm.6192

Jarrin, D. C., Chen, I. Y., Ivers, H., & Morin, C. M. (2014). The role of vulner-
ability in stress-related insomnia, social support and coping styles on
incidence and persistence of insomnia. Journal of Sleep Research, 23(6),
681-688. https://doi.org/10.1111/jsr.12172

Kalmbach, D. A., Anderson, J. R., & Drake, C. L. (2018). The impact of
stress on sleep: Pathogenic sleep reactivity as a vulnerability to insom-
nia and circadian disorders. Journal of Sleep Research, 27(6), e12710.
https://doi.org/10.1111/jsr.12710

Kalmbach, D. A, Pillai, V., Arnedt, J. T., Anderson, J. R., & Drake, C. L.
(2016). Sleep system sensitization: Evidence for changing roles of etio-
logical factors in insomnia. Sleep Medicine, 21, 63-69. https://doi.org/
10.1016/j.sleep.2016.02.005

Kalmbach, D. A, Pillai, V., Arnedt, J. T., & Drake, C. L. (2016). Identifying
at-risk individuals for insomnia using the ford insomnia response to
stress test. Sleep, 39(2), 449-456. https://doi.org/10.5665/sleep.5462

Kim, S. Y., Kim, S. I., & Lim, W. J. (2021). Association between change in
sleep duration and posttraumatic stress symptoms in natural disaster
victims: The mediating role of resilience. Sleep Medicine, 82, 110-116.
https://doi.org/10.1016/j.sleep.2021.03.042

Kimhi, S., Eshel, Y., Marciano, H., Adini, B., & Bonanno, G. A. (2021).
Trajectories of depression and anxiety during COVID-19 associations
with religion, income, and economic difficulties. Journal of Psychiatric
Research, 144, 389-396. https://doi.org/10.1016/j.jpsychires.2021.
10.043

Koren, D., Arnon, I., Lavie, P., & Klein, E. (2002). Sleep complaints as early
predictors of posttraumatic stress disorder: A 1-year prospective study
of injured survivors of motor vehicle accidents. American Journal of
Psychiatry, 159(5), 855-857. https://doi.org/10.1176/appi.ajp.159.
5.855

Krause, A. J., Simon, E. B., Mander, B. A., Greer, S. M,, Saletin, J. M,,
Goldstein-Piekarski, A. N., & Walker, M. P. (2017). The sleep-deprived
human brain. Nature Reviews Neuroscience, 18(7), 404-418. https://
doi.org/10.1038/nrn.2017.55

Lamoureux, B. E., Linardatos, E., Fresco, D. M., Bartko, D., Logue, E., &
Milo, L. (2010). Using the QIDS-SR16 to identify major depressive
disorder in primary care medical patients. Behavior Therapy, 41(3),
423-431. https://doi.org/10.1016/j.beth.2009.12.002

Manchia, M., Gathier, A. W., Yapici-Eser, H., Schmidt, M. V., de
Quervain, D., van Amelsvoort, T., Bisson, J. I, Cryan, J. F,
Howes, O. D., Pinto, L., van der Wee, N. J., Domschke, K,
Branchi, 1., & Vinkers, C. H. (2022). The impact of the prolonged
COVID-19 pandemic on stress resilience and mental health: A critical
review across waves. European Neuropsychopharmacology, 55, 22-83.
https://doi.org/10.1016/j.euroneuro.2021.10.864

National Institutes of Health. (2011). Your guide to healthy sleep. National
Institutes of Health.

Neylan, T. C., Kessler, R. C., Ressler, K. J., Clifford, G., Beaudoin, F. L.,
An, X, Stevens, J. S., Zeng, D., Linnstaedt, S. D., Germine, L. T.,

Research

Sheikh, S., Storrow, A. B., Punches, B. E., Mohiuddin, K., Gentile, N. T.,
McGrath, M. E., van Rooij, S. J. H., Haran, J. P.,, Peak, D. A, ...
McLean, S. A. (2021). Prior sleep problems and adverse post-traumatic
neuropsychiatric sequelae of motor vehicle collision in the AURORA
study. Sleep, 44(3), zsaa200. https://doi.org/10.1093/sleep/zsaa200

Norrholm, S. D., Zalta, A., Zoellner, L., Powers, A., Tull, M. T., Reist, C,,
Schnurr, P. P., Weathers, F., & Friedman, M. J. (2021). Does COVID-19
count?: Defining criterion a trauma for diagnosing PTSD during a
global crisis. Depression and Anxiety, 38(9), 882-885. https://doi.org/
10.1002/da.23209

Petersen, H., Kecklund, G., D'Onofrio, P., Nilsson, J., & Akerstedt, T.
(2013). Stress vulnerability and the effects of moderate daily stress on
sleep polysomnography and subjective sleepiness: Moderate daily
stress and vulnerability. Journal of Sleep Research, 22(1), 50-57. https://
doi.org/10.1111/j.1365-2869.2012.01034.x

R Core Team. (2021). R: A Language and environment for statistical comput-
ing. R foundation for statistical computing. https://www.R-project.org/

Rash, C. J., Coffey, S. F., Baschnagel, J. S., Drobes, D. J., & Saladin, M. E.
(2008). Psychometric properties of the IES-R in traumatized substance
dependent individuals with and without PTSD. Addictive Behaviors,
33(8), 1039-1047. https://doi.org/10.1016/j.addbeh.2008.04.006

Reilly, T. J., MacGillivray, S. A., Reid, I. C., & Cameron, I. M. (2015). Psycho-
metric properties of the 16-item quick inventory of depressive symptom-
atology: A systematic review and meta-analysis. Journal of Psychiatric
Research, 60, 132-140. https://doi.org/10.1016/].jpsychires.2014.09.008

Rush, A. J., Trivedi, M. H., lbrahim, H. M., Carmody, T. J., Arnow, B,
Klein, D. N., Markowitz, J. C., Ninan, P. T., Kornstein, S., Manber, R.,
Thase, M. E., Kocsis, J. H., & Keller, M. B. (2003). The 16-item quick
inventory of depressive symptomatology (QIDS), clinician rating
(QIDS-C), and self-report (QIDS-SR): A psychometric evaluation in
patients with chronic major depression. Biological Psychiatry, 54(5),
573-583. https://doi.org/10.1016/S0006-3223(02)01866-8

Sanchez, S. E., Friedman, L. E., Rondon, M. B., Drake, C. L,
Williams, M. A,, & Gelaye, B. (2020). Association of stress-related sleep
disturbance with psychiatric symptoms among pregnant women. Sleep
Medicine, 70, 27-32. https://doi.org/10.1016/j.sleep.2020.02.007

Saunders, R., Buckman, J. E. J.,, Fonagy, P., & Fancourt, D. (2021). Under-
standing different trajectories of mental health across the general pop-
ulation during the COVID-19 pandemic. Psychological Medicine, 1-9.
https://doi.org/10.1017/50033291721000957

Sullivan, S. G. (2020). The need for robust epidemiological evidence during
a pandemic. Clinical Infectious Diseases, 71(16), 2289-2290. https://
doi.org/10.1093/cid/ciaa770

Vandekerckhove, M., Wang, Y., & Faculty of Psychology and Educational
Sciences, Vrije Universiteit Brussel, 1050 Etterbeek, Belgium, & Depart-
ment of Data Analysis, Faculty of Psychological and Pedagogical Sci-
ences, University of Gent, B-9000 Gent, Belgium. (2018). Emotion,
emotion regulation and sleep: An intimate relationship. AIMS Neurosci-
ence, 1(1), 1-22. https://doi.org/10.3934/Neuroscience.2018.1.1

von Kinel, R, Meister-Langraf, R. E., Pazhenkottil, A. P., Barth, J.,
Schnyder, U., Schmid, J.-P., Znoj, H., & Princip, M. (2021). Insomnia
symptoms and acute coronary syndrome-induced posttraumatic stress
symptoms: A comprehensive analysis of cross-sectional and prospec-
tive associations. Annals of Behavioral Medicine, 55(10), 1019-1030.
https://doi.org/10.1093/abm/kaaal28

Weathers, F. W., Blake, D. D., Schnurr, P. P. Kaloupek, D. G,
Marx, B. P., & Keane, T. M. (2013). The life events checklist for DSM-5
(LEC-5). www.ptsd.va.gov

Weiss, D. S. (2007). The impact of event scale: Revised. In J. P. Wilson &
T. Keane (Eds.), Cross-cultural assessment of psychological trauma and
PTSD (pp. 219-238). Springer US. https://doi.org/10.1007/978-0-
387-70990-1_10

Zachariae, R, Lyby, M. S., Ritterband, L. M., & O'Toole, M. S. (2016).
Efficacy of internet-delivered cognitive-behavioral therapy for
insomnia—A systematic review and meta-analysis of randomized


https://doi.org/10.4088/JCP.15m10206
https://doi.org/10.4088/JCP.15m10206
https://doi.org/10.1016/j.cpr.2018.05.008
https://doi.org/10.1016/j.cpr.2018.05.008
https://doi.org/10.1017/S0033291721005420
https://doi.org/10.1017/S0033291721005420
https://doi.org/10.5664/jcsm.6192
https://doi.org/10.5664/jcsm.6192
https://doi.org/10.1111/jsr.12172
https://doi.org/10.1111/jsr.12710
https://doi.org/10.1016/j.sleep.2016.02.005
https://doi.org/10.1016/j.sleep.2016.02.005
https://doi.org/10.5665/sleep.5462
https://doi.org/10.1016/j.sleep.2021.03.042
https://doi.org/10.1016/j.jpsychires.2021.10.043
https://doi.org/10.1016/j.jpsychires.2021.10.043
https://doi.org/10.1176/appi.ajp.159.5.855
https://doi.org/10.1176/appi.ajp.159.5.855
https://doi.org/10.1038/nrn.2017.55
https://doi.org/10.1038/nrn.2017.55
https://doi.org/10.1016/j.beth.2009.12.002
https://doi.org/10.1016/j.euroneuro.2021.10.864
https://doi.org/10.1093/sleep/zsaa200
https://doi.org/10.1002/da.23209
https://doi.org/10.1002/da.23209
https://doi.org/10.1111/j.1365-2869.2012.01034.x
https://doi.org/10.1111/j.1365-2869.2012.01034.x
https://www.r-project.org/
https://doi.org/10.1016/j.addbeh.2008.04.006
https://doi.org/10.1016/j.jpsychires.2014.09.008
https://doi.org/10.1016/S0006-3223(02)01866-8
https://doi.org/10.1016/j.sleep.2020.02.007
https://doi.org/10.1017/S0033291721000957
https://doi.org/10.1093/cid/ciaa770
https://doi.org/10.1093/cid/ciaa770
https://doi.org/10.3934/Neuroscience.2018.1.1
https://doi.org/10.1093/abm/kaaa128
http://www.ptsd.va.gov
https://doi.org/10.1007/978-0-387-70990-1_10
https://doi.org/10.1007/978-0-387-70990-1_10

woof10 | R oo

REFFI ET AL.

Research

controlled trials. Sleep Medicine Reviews, 30, 1-10. https://doi.org/10.
1016/j.smrv.2015.10.004

Zhao, Q., Ju, N., Bacallado, S., & Shah, R. D. (2021). BETS: The dangers of
selection bias in early analyses of the coronavirus disease (COVID-19)
pandemic. The Annals of Applied Statistics, 15(1), 363-390. https://doi.
org/10.1214/20-A0AS1401

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Reffi, A. N., Drake, C. L., Kalmbach,

D. A, Jovanovic, T., Norrholm, S. D., Roth, T., Casement,

M. D., & Cheng, P. (2022). Pre-pandemic sleep reactivity
prospectively predicts distress during the COVID-19
pandemic: The protective effect of insomnia treatment.
Journal of Sleep Research, e13709. https://doi.org/10.1111/jsr.
13709



https://doi.org/10.1016/j.smrv.2015.10.004
https://doi.org/10.1016/j.smrv.2015.10.004
https://doi.org/10.1214/20-AOAS1401
https://doi.org/10.1214/20-AOAS1401
https://doi.org/10.1111/jsr.13709
https://doi.org/10.1111/jsr.13709

	Pre-pandemic sleep reactivity prospectively predicts distress during the COVID-19 pandemic: The protective effect of insomn...
	1  INTRODUCTION
	2  METHOD
	2.1  Participants and procedure
	2.2  Measures
	2.2.1  Pre-pandemic sleep reactivity
	2.2.2  Pandemic-related stress reactions
	2.2.3  Pandemic-concurrent depressive symptoms
	2.2.4  Degree of COVID-19 impact

	2.3  Data analysis

	3  RESULTS
	3.1  Sample characteristics
	3.2  Sleep reactivity predicts pandemic-related stress reactions 3-4years later
	3.3  dCBT-I mitigates effect of sleep reactivity on pandemic-related stress reactions
	3.4  Sleep reactivity predicts pandemic-concurrent depressive symptoms 3-4years later
	3.5  dCBT-I does not mitigate effect of sleep reactivity on pandemic-concurrent depression

	4  DISCUSSION
	4.1  Limitations and strengths

	5  CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	Endnotes
	REFERENCES


