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ARTICLE INFO ABSTRACT
Keywords: Objective: A life-disrupting stressor (e.g. pandemic) may cause or exacerbate poor sleep health; resilience may
Sleep quality offset impacts. We assessed relationships between pre-pandemic psychological resilience to trauma and sleep-
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related outcomes during the first year of the pandemic among current and former nurses.

Methods: Using data from 18,670 women in the Nurses’ Health Study II, we characterized pre-pandemic resil-
ience by cross-classifying experiences of higher versus lower lifetime trauma burden with unfavorable, adequate,
and favorable psychological health (through January 2020). Sleep was measured before (2017) and during the
pandemic, including: changes, quality, and duration. We modeled trajectories of sleep duration assessed at five
time points (pre-pandemic in 2017, and then in four COVID-19-related surveys, 2020-2021) using latent class
growth analysis.

Results: We observed four trajectories of sleep duration, all showing stable patterns, with averages ranging from
5.5 to 6 to 8.5-9 h of sleep per 24 h. Women with higher trauma/unfavorable psychological health had the
highest risk for all poor sleep outcomes (e.g., RR for being in the shortest sleep trajectory versus healthy sleep
duration: 2.53; 95 % CI: 2.21, 2.91). Relative to women categorized as most resilient, only women with lower
trauma/favorable psychological health showed lower risk of getting less sleep after the pandemic started
compared to no change (RR: 0.76; 95 % CI: 0.70, 0.83). This same pattern was observed for poor sleep quality.
Conclusion: Higher pre-pandemic resilience may have protected women against poor sleep outcomes during the
pandemic. Findings could have long-term health implications, particularly if they generalize to other stressors.

1. Introduction psychological distress have all been identified as risk factors for poor
sleep health [1,2]. The COVID-19 pandemic represents an intense col-

Sleep quality and duration are closely intertwined with physical and lective stressor, during which time many individuals reported worse
mental health. Stress, female sex (particularly in older age groups) and overall sleep [3] and increased psychological distress [4], particularly in
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the first year of the pandemic. Research also suggests that women were
disproportionately affected by these negative psychological health ef-
fects, partially due to greater caregiving burdens [3]. An open question
is whether psychological resilience can protect sleep health in the face of
significant stressors. This study investigates relationships between pre-
pandemic psychological resilience and sleep health among female
nurses in the first year of the COVID-19 pandemic. Given the nature of
the stressor, nurses are a particularly relevant study population as they
were more likely to be on the front lines of the pandemic and experi-
encing some of the highest related burdens. Although the pandemic has
ended, insights from this distinct time period may provide insight to
inform prevention and response efforts during future collective
stressors.

Poor sleep quality and unhealthy sleep duration (too little or too
much sleep) are robustly associated with multiple serious physical
health problems and premature mortality [5,6,7,8]. Poor sleep health is
an established risk factor for the development of cardiovascular health
problems [9,10,11]. Importantly, lack of quality sleep can impair im-
mune system and cognitive functioning, which may increase suscepti-
bility to a range of physical and mental health conditions [12]. As
essential workers, health care professionals working on the front lines
during the pandemic faced additional occupational and COVID-19-
related stresses and may have been getting less sleep early in the
pandemic as a result [12].

1.1. Resilience to trauma and its relation to sleep and long-term health

Prior exposure to trauma may put individuals at heightened risk for
poor health outcomes in the face of subsequent stressors, as posited by
the stress sensitization hypothesis [13]. Conversely, psychological
resilience to trauma may protect against poor health outcomes following
later stress. Resilience is a multidimensional construct, which has often
been conceptualized as an individual capacity or trait, usually measured
by individual self-assessment [14,15]. Prior research has shown higher
trait resilience to be associated with getting the recommended number
of hours of sleep per night (7-9) among older women [16] and with
better long-term physical health outcomes [17,18,19]. However, over
time resilience has increasingly been understood as involving several
components that may not be captured by self-reported trait measures,
and which may be inferred through observable outcomes such as by
expressing favorable aspects of psychological well-being [20,21] and/or
low levels of psychological distress [22,23], despite exposure to a
potentially traumatic event. Much of the literature linking resilience to
sleep outcomes has utilized trait measures of resilience [24,16,25],
while few have examined resilience as a combination of prior trauma
exposure, psychological distress, and well-being (i.e., considering both
lived experience and psychological functioning). Thus, the current study
utilizes this type of outcome-based resilience measure, building on
recent work considering how resilience to trauma may influence
downstream biobehavioral and health outcomes [26].

A systematic review of the link between resilience and chronic dis-
eases suggested that higher psychological resilience is health promotive
and is negatively associated with depression, anxiety, and progression of
physical illness [17]. In research considering psychological resilience
during the COVID-19 pandemic specifically, higher trait resilience was
associated with greater physical activity and lower psychological
distress among Australian adults [19], and lower resilience was associ-
ated with reduced sleep quality in a cross-sectional analysis of 64 adult
women [25].

1.2. Present study

In the current study, our primary aim was to investigate the re-
lationships between different levels of psychological resilience assessed
prior to the pandemic and sleep quality and duration in the first year of
the pandemic, using longitudinal data from the Nurses’ Health Study II,
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a large, well-characterized cohort of female current and former health-
care professionals. By defining resilience as having higher levels of
psychological health (including both favorable wellbeing and low levels
of psychological distress) in the aftermath of trauma exposure, we
extend the literature in this area to examine how adaptive responses to
trauma may relate to sleep outcomes during a time of collective stress (i.
e., the early COVID-19 pandemic). We hypothesized: 1) that lower pre-
pandemic resilience would be associated with higher risk of adverse
changes in sleep duration and worse sleep quality early in the pandemic;
2) that lower pre-pandemic resilience would be associated with trajec-
tories of sleep duration characterized by shorter sleep over time
throughout pandemic follow up; and 3) in an exploratory hypothesis,
that these relationships between resilience and sleep outcomes might
differ among nurses who were versus were not working on the front line
(i.e., not working remotely or retired), due to the immense additional
stress at work during the COVID-19 pandemic. Investigating these re-
lationships may highlight protective effects of intervenable psycholog-
ical assets on biobehavioral outcomes, revealing opportunities for
fostering resilience to trauma as a health promotive intervention on both
individual and population level scales.

2. Methods
2.1. Study sample

The Nurses’ Health Study II (NHSII) began in 1989, enrolling
116,429 female registered nurses across the United States, aged 24 to 42
years at baseline. The participants have completed regular follow-up
surveys every two years since, assessing sociodemographic, medical,
and behavioral factors. In addition to these biennial questionnaires,
smaller sub-studies have investigated more specific research questions
on subsets of the larger cohort. As part of one sub-study focusing on
trauma and post-traumatic stress disorder (PTSD) beginning in 2018,
51,486 women who completed the 2017 biennial questionnaire and had
a known email address were invited to complete an online survey [27].
Between August 2018 and January 2020, 33,845 participants responded
to this sub-study (65.7 % response rate). Beginning in May 2020, an
additional online sub-study was initiated to investigate the effects of the
COVID-19 pandemic, inviting 55,925 currently active cohort partici-
pants. By August 2020, 39,564 women had completed the COVID-19
baseline questionnaire (70.7 % response rate). These participants were
then subsequently invited to complete follow-up questionnaires on a
rolling basis, beginning one month after they finished the prior ques-
tionnaire and eventually moving to a schedule of every three months
since they finished the prior survey, up to one year after completing the
baseline COVID-19 questionnaire. Our sample for this study comprised
women who competed the regular 2017 biennial questionnaire, the
2018-2020 PTSD sub-study, and at least the baseline survey of the
COVID-19 sub-study (n = 23,766 overall). The sample was then further
restricted to participants who had valid data on the psychological health
variables used to measure psychological resilience (n = 22,626). Finally,
we restricted the analyses to include only women who reported one or
more traumatic events before the pandemic (on the 2018-2020 PTSD
sub-study), because experiencing trauma (and thus being at risk for
PTSD) is part of the definition of psychological resilience. In total,
18,670 women met these criteria (Fig. S1).

This study protocol was approved by the Institutional Review Boards
of the Brigham and Women’s Hospital and the Harvard T.H. Chan School
of Public Health. Return of completed questionnaires implied consent.

2.2. Exposure: psychological resilience

We created a 6-level categorical measure of pre-pandemic resilience
to prior trauma by cross-classifying higher versus lower lifetime trauma
burden (assessed in 2018-2020) by unfavorable, adequate, and favor-
able psychological health (measured in 2017-2020). Psychological
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health was defined as a composite of validated measures of both distress
in various forms (depression, PTSD, generalized anxiety disorder (GAD))
and psychological well-being in various forms (optimism, purpose, life
satisfaction), consistent with prior work [22,28]. See Fig. S2 and
Table S1 for details on the timing and measurement of these variables,
briefly described below.

To measure trauma burden (assessed on the 2018-2020 PTSD sub-
study), we used a modified version of the Brief Trauma Questionnaire
which included 16 different types of traumatic experiences [27,29].
Following prior work [30,31], we then split the number of types of
traumas at the sample mean (after excluding those with no trauma), to
estimate lower trauma burden (1-2 trauma types) vs. higher trauma
burden (3 or more trauma types). In prior work within this cohort using
the same resilience construct, findings were comparable in sensitivity
analyses comparing different cut points of trauma burden [22]. Oper-
ationalizing trauma burden in this way is consistent with research
highlighting the cumulative impacts of trauma exposure [32,33]. For
psychological health, favorable was defined as not meeting validated
cut-offs for any measure of distress and meeting the cut-off for at least
one measure of positive well-being. Adequate psychological health was
defined as scoring below validated cut-offs for any of our distress mea-
sures, but also scoring below cut-offs for all measures of positive well-
being. Unfavorable psychological health was defined as meeting the
validated cut-off for at least one measure of distress, regardless of pos-
itive well-being.

Measures of distress included depression, measured with the short
form Center for Epidemiologic Studies Depression Scale (in 2018-2020)
[34]; PTSD, measured with a modified version of the PTSD Checklist for
DSM-5 (in 2018-2020) [35,27,36]; and anxiety, measured with the
GAD-7 (in the biennial questionnaire beginning in 2017) [37]. The well-
being aspect of psychological health included measures previously
identified as characterizing subjective well-being and eudemonic well-
being: life satisfaction (5-item Satisfaction with Life Scale [38],
completed in 2018-2020), optimism (6-item Life Orientation Test-
Revised [39], reported in 2018-2020), and purpose (3-item purpose in
life subscale of the Psychological Well-being Scale [40], reported in
2017). Sample median splits were used for these three cut-offs. Addi-
tional information on definitions and cut-offs are in Table S1.

The overall categorical resilience variable was then defined by cross-
classifying trauma burden (lower versus higher) by psychological health
(unfavorable, adequate, and favorable psychological health). This yiel-
ded six groups representing a conceptual gradient of psychological
resilience: those with higher trauma burden but favorable psychological
health (representing the highest resilience to trauma); those with higher
trauma burden but adequate psychological health, or those with lower
trauma burden and favorable psychological health (both representing
high resilience levels); those with lower trauma burden and adequate
psychological health (representing moderate resilience levels); and
finally, those showing unfavorable psychological health with either
higher or lower trauma burden (representing the lowest resilience
levels). See [22] for a graphical representation of this conceptualization
of categorical resilience.

2.3. Outcomes: sleep measures

Perceived change in sleep duration since the start of the pandemic
and perceived sleep quality at the start of the pandemic were both
assessed on the COVID-19 baseline survey. Perceived sleep change was
queried with the question, “Has the amount of sleep you get changed
since the pandemic started?” and response options “decreased”, “no
change”, or “increased”. For the regression, we modeled risk of reporting
less sleep since the start of the pandemic (“decreased” sleep), compared
to no change in sleep amount. Perceived sleep quality at the start of the
pandemic was assessed on the same survey with the question, “In the
past 7 days, how would you rate your sleep quality overall?” and
response options “very good”, “fairly good”, “fairly bad”, or “very bad”.
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For the regression, we dichotomized these options into fairly bad or very
bad, compared to very good or fairly good sleep quality.

Average sleep duration per 24-h period was first assessed pre-
pandemic, on the 2017 NHSII biennial questionnaire, with response
options of less than 4 h, 5, 6, 7, 8, 9, or 10 or more hours. Average sleep
duration per 24-h period was then queried at four of the COVID-19
surveys: at baseline; beginning 56 days after baseline survey comple-
tion (heretofore referred to as “COVID-19 time 2”); beginning 168 days
after baseline survey completion (“COVID-19 time 3); and beginning
336 days after baseline survey completion (“COVID-19 time 4”, roughly
one year after baseline). On the COVID-19 surveys, average sleep
duration in the past 7 days had the same response options as in the 2017
survey, but with the addition of an “11 or more hours” category, which
we combined with the 10 h category to match the “10 or more hours”
response option in the 2017 survey.

To assess how well participants’ self-report of changes in sleep
duration since the start of the pandemic (at the COVID-19 baseline
survey) matched what they reported for the pre-pandemic duration in
2017 (i.e., their recall), we compared their responses to the perceived
sleep change question to the estimated numerical difference between
their reported 2017 sleep duration response and their COVID-19 base-
line sleep duration response. We found responses were consistent
overall, suggesting accurate reporting; more detail is available in the
Appendix.

2.4. Covariates

We adjusted for a range of potential confounders including socio-
demographic and health characteristics that could influence both psy-
chological resilience and sleep patterns. Potential confounders included
age (in years, at the time of the 2018-2020 PTSD sub-study), race
(categorized into white and non-white given small numbers of in-
dividuals’ self-report being of non-white race, measured in 1989), ed-
ucation (Associate degree, Bachelor’s, Master’s, Doctorate, or missing/
other; reported in the 2018-2020 sub-study), marital status (married,
divorced/separated, widowed, single, other; reported in the 2018-2020
sub-study), living arrangement at the start of the pandemic (living with
others, living alone, missing; reported on the baseline COVID-19 sur-
vey), quartile of census tract-level median family income (measured in
2013 based on the 2010 Census), history of common chronic health
conditions (cancer, stroke, heart attack; reported on biennial question-
naires through 2017), sleep quality in 2017 (restless or very restless
compared to average, sound, or very sound), and sleep duration in 2017
(categorized into 6 or fewer hours, 7-8 h, 9 or more hours). Sleep quality
and duration in 2017 were used as covariates only for the outcomes of
less sleep since the start of the pandemic and poor sleep quality at the
start of the pandemic (i.e., not for the models predicting trajectory
groups, given that 2017 was included as one of the trajectory data points
comprising that outcome).

2.5. Effect modifier

Being a frontline healthcare worker at the beginning of the pandemic
(yes/no) was measured on the baseline COVID-19 survey and defined as
physically working or volunteering in a hospital, temporary COVID-19
facility, healthcare clinic outside a hospital, nursing home or group
care facility, home health, school clinic, or other healthcare facility (not
including remote work), since March 1, 2020.

2.6. Statistical analyses

First, we calculated age-adjusted means and frequencies of all
covariates, overall and by levels of pre-pandemic psychological resil-
ience. To estimate trajectories of sleep duration over time including the
pre-pandemic measure, we applied latent class growth analysis using the
Proc Traj procedure in SAS, a semi-parametric method that identifies
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underlying data patterns for a variable across multiple time points using
slopes and intercepts, to estimate latent trajectory groups [41,42]. In an
iterative fashion, we tested different numbers of trajectory groups and
different functional forms for the trajectory paths, using criteria
including the Bayesian Information Criteria, Akaike Information Crite-
rion, average posterior probabilities for membership into each group,
and visual differentiation between the different groups together to
choose the best-fitting model overall [42]. We identified a four-group
model with sleep duration modeled with a normal distribution as the
best-fitting model, with all predicted probabilities of group membership
greater than 88 %.

To assess the relationships between resilience to trauma assessed
prior to the pandemic and perceived changes in sleep duration and sleep
quality at the COVID-19 baseline survey, we ran covariate-adjusted log
binomial regression, which produced risk ratios for each level of resil-
ience (with the higher trauma, favorable psychological health group as
the reference) in relation to reporting 1) less sleep since the start of the

Table 1
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pandemic and 2) poor sleep quality at the start of the pandemic.

To test the relationship between pre-pandemic psychological resil-
ience to trauma and sleep duration trajectory membership (i.e., sleep
duration over time), we ran a covariate-adjusted multinomial regres-
sion, with resilience as the exposure and the four trajectory groups
described above as the outcomes, with the healthy sleep duration tra-
jectory as the outcome reference group.

Finally, we assessed potential effect modification by frontline
healthcare worker status at the start of the pandemic by running the
three regressions described above, stratified by worker status.

3. Results
3.1. Sample description

The mean age of the sample was 64.7 years, and the majority were
white (96.4 %) and married (73.9 %; Table 1). At the start of the

Distribution of covariates, overall and by pre-pandemic psychological resilience groups, among 18,670 current or former nurses with trauma history in the Nurses’

Health Study 11"

Pre-Pandemic Psychological Resilience

Full Sample  Higher trauma, Lower trauma,

Higher trauma, Lower trauma, Higher trauma, Lower trauma,

(n= unfavorable psych unfavorable psych adequate psych adequate psych favorable psych favorable psych
18,670) health, n = 3109, health, n = 1441, 7.7  health, n = 1449, health, n = 1165, health, n = 5849, health, n = 5657,
16.7 % % 7.8 % 6.2 % 31.3% 30.3 %
%(n) %(n) %(n) %(n) %(n) %(n) %(n)
Age, mean (SD) 64.7 (4.5) 64.4 (4.5) 64.2 (4.6) 65.1 (4.4) 64.6 (4.5) 64.9 (4.5) 64.7 (4.6)
White race 96.4 96.2 (2991) 97.4 (1404) 95.9 (1389) 97.3 (1133) 96.1 (5620) 96.6 (5465)
(18,002)
Marital status
Married 73.9 64.2 (1985) 68.9 (989) 66.7 (959) 69.8 (808) 76.2 (4436) 80.9 (4554)
(13,731)
Separated/Divorced ~ 12.8 (2381)  19.4 (598) 14.0 (201) 16.1 (232) 13.4 (155) 12.1 (703) 8.7 (492)
Widowed 6.5 (1201) 7.5 (232) 8.3 (119) 8.5 (122) 7.7 (89) 6.0 (351) 5.1 (288)
Single 5.0 (934) 6.3 (196) 7.6 (109) 6.8 (98) 8.2 (95) 3.7 (215) 3.9 (221)
Other marital status 1.7 (325) 2.6 (79) 1.2(17) 1.8 (26) 0.9(11) 2.0 (118) 1.3 (74)
Education
Associate’s degree 22.7 (4247)  24.9 (775) 24.1 (348) 26.4 (383) 25.0 (291) 20.9 (1221) 21.7 (1229)
Bachelor’s degree 39.9 (7449) 39.5 (1229) 42.7 (616) 41.3 (598) 43.4 (506) 38.3 (2238) 40.0 (2262)
Master’s degree 29.4 (5489)  28.3(879) 26.8 (386) 25.3 (366) 25.9 (302) 31.5 (1842) 30.3 (1714)
Doctorate degree 5.1 (953) 5.2 (161) 2.8 (41) 3.8 (55) 2.5 (29) 6.6 (385) 5.0 (282)
Missing or other 2.8 (532) 2.1 (65) 3.5 (50) 3.2 (47) 3.2(37) 2.8 (163) 3.0 (170)
education
Median household
income
Quartile 1 25.0 (4658) 27.7 (861) 25.1 (361) 26.0 (376) 23.8 (277) 25.0 (1461) 23.4 (1322)
Quartile 2 24.9 (4642)  25.4 (790) 25.7 (370) 27.5 (398) 24.7 (287) 24.5 (1432) 24.2 (1365)
Quartile 3 25.1(4687)  24.2 (751) 25.5 (366) 24.6 (356) 27.0 (314) 25.0 (1457) 25.6 (1443)
Quartile 4 25.0 (4652) 22.6 (703) 23.7 (341) 21.9 (317) 24.5 (285) 25.5 (1489) 26.9 (1517)
Living arrangement
With Others 82.9 76.6 (2383) 78.6 (1132) 77.1 (1117) 81.1 (945) 85.3 (4987) 86.9 (4916)
(15,480)
Alone 15.2 (2845) 20.7 (644) 19.6 (282) 20.2 (292) 16.3 (190) 13.0 (762) 11.9 (675)
Missing living 1.8 (345) 2.6 (82) 1.9 (27) 2.8 (40) 2.6 (30) 1.7 (100) 1.2 (66)
arrangement
Chronic physical 19.8 (3690) 22.0 (683) 17.3 (249) 22.4 (325) 16.1 (187) 21.4 (1252) 17.6 (994)
health conditions "
Sleep duration in
2017
6 or fewer hours 28.6(5329) 38.2(1187) 36.2 (520) 31.6 (458) 32.3 (375) 25.1 (1465) 23.4 (1324)
7-8h 63.8 51.2 (1590) 54.9 (790) 60.5 (876) 62.2 (722) 67.9 (3964) 69.9 (3949)
(11,891)
9 or more hours 7.6 (1420) 10.6 (328) 8.9 (128) 7.9 (114) 5.5 (64) 7.0 (411) 6.6 (375)
Frontline healthcare 29.7 (5550)  29.0 (902) 30.5 (439) 29.7 (431) 33.1 (386) 29.5 (1725) 29.5 (1667)

worker at the
beginning of
pandemic

@ Percentages for categorical variables may not sum to 100 % due to rounding or missing values. Missingness not shown above: 0.5 % missing marital status, 0.2 %
missing median census tract household income, and 0.2 % missing 2017 sleep duration. Missingness higher than these amounts are listed as separate rows above.

Psych = psychological.

b Chronic conditions include history of cancer, stroke, or heart attack, reported on biennial questionnaires through 2017.
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pandemic, 29.7 % were active healthcare workers and 82.9 % lived with
others in their household. Overall, participants classified as being in the
highest resilience group (having favorable psychological health despite
higher trauma) comprised the largest proportion of the sample (31.3 %).
The next most common group was having lower trauma and favorable
psychological health, also considered a resilient group (30.3 %). Rela-
tive to other groups, women in these higher resilience groups were more
likely to be married (e.g., 76.2 % were married in the higher trauma/
favorable psychological health group compared to 64.2 % married in the
higher trauma/unfavorable psychological health group), and less likely
to have chronic physical health conditions (e.g., 17.6 % had chronic
conditions in the lower trauma, favorable psychological health group
compared to 22.0 % with chronic conditions in the higher trauma, un-
favorable psychological health group).

3.2. Sleep descriptives

On the COVID-19 baseline survey, 17.9 % reported getting less sleep
since the start of the pandemic, compared to either more sleep (19.3 %)
or no change (63.0 %). Among women who reported less sleep since the
start of the pandemic, 57.8 % also reported “fairly bad” or “very bad”
sleep quality in the past seven days, compared to only 18.6 % reporting
those responses in the overall sample.

Fig. 1 shows the results of the best-fitting trajectory model from the
latent class growth analysis. We observed four different trajectories of
average sleep duration across the five time points in 2017-2021, but all
trajectories were similar in shape, showing that sleep duration was
relatively stable across time. We considered the group consistently
getting on average 7.5-8 h of sleep per 24-h period as the “healthy sleep”
trajectory (31.9 % of the sample), based on recommendations from the
National Heart, Lung and Blood Institute (NHLBI, 2022) [43]. The most
common (or “average sleep”) group was getting about 6.5-7 h of sleep
per 24-h period (47.2 %). About 13.5 % of participants fell into the
“short sleep” group of 5.5-6 h per 24-h period, and 7.4 % fell into the
“long sleep” group, getting about 8.5-9 h per 24-h period.

Journal of Psychosomatic Research 192 (2025) 112090
3.3. Associations between psychological resilience and sleep outcomes

Pre-pandemic psychological resilience was associated with changes
in sleep levels, in a dose-response relationship (Fig. 2). Compared to the
reference group of higher trauma/favorable psychological health, after
adjusting for covariates, women with higher trauma/unfavorable psy-
chological health were the most likely to report less sleep since the start
of the pandemic relative to no change (RR: 1.75; 95 % CI: 1.61, 1.89).
Only women with lower trauma/favorable psychological health showed
lower risk of less sleep than the higher trauma/favorable psychological
health group (RR: 0.76; 95 % CI: 0.70, 0.83).

The relationship between psychological resilience and sleep quality
at the start of the pandemic showed the same pattern (Fig. 3). Against
the same reference group, the higher trauma/unfavorable psychological
health group had the highest risk ratio for reporting fairly bad or very
bad sleep quality compared to fairly good or very good sleep quality,
after adjusting for confounders (RR: 1.64; 95 % CIL: 1.51, 1.78). The
lowest risk group was again the lower trauma/favorable psychological
health group (RR: 0.80; 95 % CIL: 0.73, 0.88).

Table 2 shows the results from a covariate-adjusted multinomial
logistic regression model, where the outcomes were latent class mem-
bership in the four trajectory groups described above and in Fig. 1, with
the healthy sleep duration trajectory as the outcome reference group.
We again observed associations between the different resilience groups
(the exposure) and these sleep outcomes. Overall, lower compared to
higher resilience was associated with membership in both the short sleep
duration group and long sleep duration group, compared to healthy
sleep duration. For example, as compared to the higher trauma/favor-
able psychological health group (defined as most resilient), having
lower trauma but unfavorable psychological health (i.e., one of the
“lower resilience” groups) was associated with over twice the risk of
being in the short sleep duration group (RR: 2.06; 95 % CI: 1.72, 2.45),
and a 77 % higher risk of being in the long sleep duration group (RR:
1.77; 95 % CI: 1,42, 2.21) versus being in the healthy sleep duration
group. Similarly, women with higher trauma/unfavorable psychological
health had 2.53 times the risk of being in the shortest sleep duration
trajectory compared to a healthy sleep duration trajectory: (95 % CI:
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Fig. 1. Best fitting model for latent class growth trajectories of average sleep duration reported before and during the COVID-19 pandemic, among 18,670 women

with trauma history in the Nurses’ Health Study II.
For graphical depiction, for simplicity, less than 4 h was graphed as 4, and 10

or more hours was graphed as 10 h.
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Fig. 2. Adjusted risk ratios graphed on the natural log scale for pre-pandemic psychological resilience in relation to reporting less sleep since the start of the
pandemic, compared to no change in sleep amount, among women with trauma history in the Nurses’ Health Study II (n = 14,755).

Ln = natural log. RR = risk ratio. Models are adjusted for age, race, education, marital status, chronic conditions, living arrangement, quartile of census tract median
income, and sleep duration in 2017.
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Fig. 3. Adjusted risk ratios graphed on the natural log scale for pre-pandemic psychological resilience in relation to reporting fairly bad or very bad sleep quality
compared to fairly good or very good sleep quality at the start of the pandemic, among 18,396 women with trauma history in the Nurses’ Health Study IL

Ln = natural log. RR = risk ratio. Model is adjusted for age, race, education, marital status, chronic conditions, living arrangement, quartile of census tract median
income, and sleep quality in 2017.

(the first pandemic-related survey), we observed the same patterns for
the relationships between pre-pandemic resilience and all three types of

2.21, 2.91). Having lower trauma/favorable psychological health was
associated with nearly the same risk as the most resilient group (the

exposure reference group) of being in the long sleep duration trajectory
(i.e., no relationship; RR: 0.99; 95 % CIL: 0.85, 1.16), but it showed a
protective risk ratio against being in the short sleep duration trajectory
(RR: 0.82; 95 % CI: 0.71, 0.93).

3.4. Potential effect modification by healthcare worker status

When stratifying by frontline health care worker status in May 2020

sleep outcomes in both groups (Tables S2-S5), suggesting no substantial
effect modification by this variable. For example, among frontline
healthcare workers, being in the lower trauma/favorable psychological
health group was associated with lower risk of reporting fairly bad or
very bad sleep quality at the start of the pandemic (RR: 0.72; 95 % CI:
0.61, 0.84), similar to the risk ratio for this same resilience group among
the non-frontline healthcare workers (RR: 0.85; 95 % CI: 0.75, 0.95),
with overlapping confidence intervals (Table S2). Similarly, both
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Table 2

Adjusted odds ratios from multinomial model for pre-pandemic psychological
resilience in relation to trajectory group membership, among 18,541 women
with trauma history in the Nurses’ Health Study II.

Resilience group (exposure; ref. =  Trajectory Odds 95 %

higher trauma, favorable group (outcome;  ratio confidence
psychological health) ref. = healthy interval
sleep duration)
Higher trauma, unfavorable Long duration 1.87 (1.57, 2.23)
psychological health group
Average
duration group 1.23 (1.11, 1.37)
Short duration
group 2.53 (2.21, 2.91)
Long duration
group 1.77 (1.42, 2.21)
Average
duration group 0.98 (0.85,1.13)
Lower trauma, unfavorable Short duration
psychological health group 2.06 (1.72, 2.45)
Long duration
group 1.46 (1.16, 1.84)
Average
duration group 1.04 (0.91, 1.19)
Higher trauma, adequate Short duration
psychological health group 1.74 (1.45, 2.08)
Long duration
group 0.96 (0.71, 1.29)
Average
duration group 1.31 (1.13,1.52)
Lower trauma, adequate Short duration
psychological health group 1.54 (1.25, 1.90)
Long duration
group 0.99 (0.85,1.16)
Average
duration group 1.00 (0.92, 1.08)
Lower trauma, favorable Short duration
psychological health group 0.82 (0.71, 0.93)

ref = reference group. Model is adjusted for age, race, education, marital status,
chronic conditions, living arrangement, and quartile of census tract median
income.

frontline healthcare workers and non-frontline healthcare workers had
elevated risk ratios for the lower resilience groups and this same
outcome (e.g., higher trauma/unfavorable psychological health RR:
1.49; 95 % CI: 1.30, 1.70 for frontline healthcare workers and RR: 1.73;
95 % CI: 1.56, 1.91 for non-frontline or former healthcare workers;
Table S2).

4. Discussion

In our study of 18,670 middle-aged and older women, we observed
strong and consistent relationships between pre-pandemic resilience to
trauma and sleep outcomes early in the pandemic, indicating that higher
psychological resilience may promote healthier sleep duration patterns
and better-quality sleep even during times of collective stress. Lower
levels of resilience were associated with three separate outcomes:
decreased sleep at the start of the pandemic, worse sleep quality, and
with stable yet more extreme sleep duration over time (i.e., either
shorter or longer duration than recommended). Perhaps most impor-
tantly, women in the most resilient group (high trauma burden but
favorable psychological health) had better sleep quality and healthier
sleep duration than almost every other group and were comparable to
the group with low trauma burden and favorable psychological health.
In other words, women who experienced higher trauma but had favor-
able psychological health had substantially healthier sleep patterns than
women with either lower trauma and unfavorable psychological health
or those with higher trauma but only adequate psychological health —
suggesting that trauma alone is not driving poorer subsequent health.
These findings are encouraging and suggest that the maintenance of
psychological health in the face of trauma may produce downstream
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positive effects on biobehavioral factors and potentially later physical
health as well.

Resilience to trauma is likely influenced by multiple intrapersonal
and contextual factors (e.g., socioeconomic assets and community sup-
port in addition to learned coping skills). Individuals who have experi-
enced trauma and are functioning well likely had high social support
and/or learned important coping and self-regulation skills that they are
now able to draw on in the face of future stressors. In this way, women in
the higher resilience groups may have been able to better regulate their
sleep or cope with sleep changes early on in the COVID-19 pandemic.
Despite differences in how we conceptualized resilience, our findings are
consistent with prior research that has shown higher trait resilience to be
associated with healthy sleep duration among older women [16]. There
is ongoing discussion and debate about which measures of resilience
best capture the underlying construct of interest, and our results add an
additional perspective to this literature.

Although we hypothesized in our exploratory aim that the relation-
ship between resilience and sleep might differ for active healthcare
workers, we observed no meaningful effect modification by healthcare
worker status. This may indicate that resilience is evident across mul-
tiple settings, both in the workplace on the frontline and not. One other
explanation for this finding could be that women in this cohort who
were still working (mean age = 62 at the time of the PTSD survey) may
be healthier on average, which may mask a relationship between resil-
ience and sleep, despite being exposed to potentially harrowing working
conditions.

Recently, the American Heart Association added sleep as an impor-
tant heart health indicator, acknowledging that poor sleep is a risk factor
for multiple negative long-term physical health problems, including
cardiovascular disease and type II diabetes [44]. Sleep may be particu-
larly important for older adults who may be more susceptible to ill-
nesses, and for women, who are more likely to report poor sleep than
men. Although we were able to control for pre-existing conditions in our
analysis, future research could examine in more detail how long or short
sleep may be differentially related to pre-existing conditions (e.g. hy-
pertension), or potentially be part of a causal pathway linking psycho-
logical resilience, sleep and long-term health outcomes such as
cardiovascular disease. There may also be a bidirectional relationship
between resilience and sleep quality and duration, and this bidir-
ectionality warrants further investigation. Additionally, both sleeping
too much (i.e., having a “long” sleep duration trajectory over time) and
sleeping too little (having a short sleep duration trajectory) compared to
recommended or average levels may be indicative of poor health.
However, only 7 % of our sample fell into the “long sleep” trajectory,
and their average sleep levels are still considered healthy (8.5-9.5 h per
24-h period). Studies in other samples may wish to further investigate
longer sleep patterns.

4.1. Strengths and limitations

Our study has multiple strengths; we were able to examine the
relationship between pre-pandemic resilience to trauma and different
types of sleep outcomes prospectively, and to examine sleep trajectories
over a period of several years, including pre-pandemic measurement.
This prospective design is strengthened by our large sample size and
well-characterized longitudinal cohort. Our findings provide insight into
sleep patterns among healthcare workers during a highly stressful
period, the COVID-19 pandemic- an area where longitudinal data is
particularly rare. Our measurement of resilience is a comprehensive,
categorical outcome-based measure, as we were able to include multiple
critical elements of the construct, such as trauma burden, psychological
distress, and favorable psychological health, all assessed prior to the
start of the pandemic, reducing concerns about recall bias. This mea-
surement of resilience also fills a gap in the existing literature on resil-
ience and sleep, which has historically used trait measures rather than
outcome-based measures of resilience.
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Our findings may be susceptible to misclassification, as our measures
of trauma history, psychological health, and sleep are self-reported.
Although trauma data are almost always self-reported, future research
should consider including objective sleep data (e.g., wearables). How-
ever, prior work in this cohort has established links between self-
reported sleep and objective health outcomes, including type 2 dia-
betes and sleep apnea [5], suggesting that self-reported sleep is a key
indicator of health. In the Nurses’ Health Study 3 (a younger cohort of
nurses), self-reported sleep measures have been validated against
objective measures of sleep (Fitbits) [45]. As a second limitation, we
lack sleep data between 2017 and the beginning of the pandemic; it
would be ideal to have more frequently assessed sleep duration during
those time periods, particularly to better understand reported changes to
sleep duration at the start of the pandemic. As a third limitation, we
dichotomized trauma and well-being variables in the absence of clearly
validated cut-offs; future research may be able to use continuous mea-
sures to capture greater variability in responses, or to measure severity
or duration of traumatic experiences, which we were unable to do in this
study. Fourth, we were not able to adjust our analyses for COVID-19
infection because testing was limited early in the pandemic, but inves-
tigation of the effect of COVID-19 infection on the relationship between
resilience and sleep is warranted in future studies. There may also be
residual confounding from factors like financial stress and prior sub-
stance or medication use. Finally, our sample comprised primarily
white, older, professional women—albeit at an extremely stressful time
for healthcare workers—and thus may not be generalizable to other
gender diverse, age diverse, or ethnically diverse samples.

Future work, in addition to sampling from more ethnically diverse
populations, should explore potential sleep effects of changes over time
in resilience, as well as more long-term changes in sleep, measured
farther out from the pandemic or other times of collective distress. It
would also be useful to incorporate details of prior trauma like intensity,
duration, and specific nature of the trauma, beyond number of traumatic
event types, and how those characteristics may impact both resilience
and sleep outcomes.

5. Conclusion

Our findings could inform both prevention and intervention efforts.
In addition to working to prevent trauma exposure in the first place,
resilience to trauma that does occur can be fostered and bolstered at
individual and community levels. Sleep is also intervenable, and
fostering both resilience to trauma and healthy sleep duration and
quality may serve to improve long-term physical health and prevent
negative cardiometabolic outcomes. Ultimately, our findings spotlight
the importance of intervening to improve psychological health following
trauma exposure and provide additional evidence that harmful sequelae
from trauma are not inevitable.
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