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Purpose: Although cognitive reappraisal—an adaptive emotion regulation strategy—has been associated with lower stress and greater
resilience, its implications for sleep health remain insufficiently understood. This study examined whether cognitive reappraisal is
related to better sleep quality through its associations with meaningful work and perceived stress among working adults.

Methods: Data were drawn from the Midlife in the United States (MIDUS) study. Cognitive reappraisal was assessed in an earlier
wave, approximately two years prior to the assessment of meaningful work (measured with a single item), perceived stress, and sleep
quality during the biomarker phase. The final analytic sample consisted of 852 working adults. Path analysis using Mplus was
conducted to test the proposed serial mediation model, with demographic, psychological, and occupational covariates included in all
paths.

Results: Cognitive reappraisal was positively associated with work meaning, which was negatively associated with perceived stress.
Reappraisal also showed a direct association with lower stress. Perceived stress, in turn, was associated with poorer sleep quality. The
indirect effect was significant, supporting the proposed serial pathway: individuals reporting greater use of cognitive reappraisal
experienced better sleep quality through higher work meaning and lower stress.

Conclusion: The findings suggest that emotion regulation is related to sleep health in working adults, in part through its association
with meaningful work and perceived stress. By integrating emotion regulation, work meaning, and stress within a single model, this
study clarifies how these psychosocial processes are interconnected in relation to sleep. These associations point to the potential
relevance of cognitive reappraisal and work-related meaning for efforts aimed at reducing perceived stress and supporting sleep
health.

Keywords: sleep quality, cognitive reappraisal, meaningful work, perceived stress

Introduction

Emotion regulation represents a core domain of individual differences that shapes how people experience, interpret, and
adapt to stress." Among various regulation strategies, cognitive reappraisal—an emotion regulation strategy in which
individuals reinterpret the meaning of emotionally arousing situations to modulate their affective response—has been
identified as particularly adaptive.? Individuals who habitually use reappraisal tend to report less negative affect, lower
stress, greater well-being, and enhanced psychological resilience.” > Despite extensive evidence linking reappraisal to
affective outcomes, its potential role in restorative processes such as sleep has only recently begun to receive empirical
attention.

Sleep is a vital component of human functioning, enabling cognitive restoration and physiological recovery.® Inadequate
or poor-quality sleep compromises core cognitive processes—including attentional control and executive functioning—
which are essential for effective daily performance.” Beyond these cognitive consequences, poor sleep is also associated
with elevated risks for cardiovascular disease, metabolic dysfunction, immune dysregulation, and psychological
disorders.* Given these wide-ranging consequences, understanding psychological factors that may protect sleep has
become increasingly important. Emerging evidence suggests that individuals who frequently engage in reappraisal report
better sleep quality, likely because they experience lower emotional arousal and perceived stress.'®™'> Recent experimental
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evidence further suggests that reappraisal can improve sleep-related outcomes.'® Yet, the psychological mechanisms
through which reappraisal facilitates sleep remain poorly understood. Clarifying these mediating processes is essential
for explaining how a stable regulatory tendency translates into restorative outcomes.

The present study seeks to fill this gap by examining cognitive-affective processes that may link reappraisal with
sleep quality, focusing on work-related meaning construction and perceived stress. Work is one of the most pervasive
sources of stress among employees,'* and such stress is closely tied to sleep disruption.'>'® Yet work also provides
a primary arena in which individuals interpret their experiences and construct meaning and evaluate their sense of
purpose and contribution. Because work occupies a substantial portion of daily life, meaning constructed in the work
domain may be particularly salient for shaping stress experiences with downstream implications for sleep. We propose
that meaningful work—the subjective experience that one’s work is significant, purposeful, and aligned with personal
values and identity'’—serves as a key psychological resource that connects emotion regulation to stress adaptation.
Individuals who habitually use cognitive reappraisal may be more inclined to reinterpret daily challenges at work as
opportunities for growth or contribution, thereby deriving greater meaning from these experiences. When work is
experienced in this way, it can function as a resource that buffers the impact of adversity on psychological well-being.
Consistent with this view, recent research has shown that work meaningfulness functions as a resource that supports well-
being under conditions of health-related adversity by mitigating psychological distress among working adults.'®
Experiencing work as meaningful, in turn, may reduce perceived stress—one of the most pervasive and detrimental
correlates of poor sleep'>—and thus foster better sleep quality.

Taken together, this study offers an integrative view of how cognitive reappraisal, work meaning, and stress are
interconnected in relation to sleep health. Although each of these associations has been examined separately, prior work
has not considered them simultaneously within a unified framework. By modeling meaning-making and stress alongside
reappraisal, the study contributes to sleep research by extending theoretical understanding of the cognitive and affective
processes linking an adaptive emotion regulation tendency with sleep quality. In addition, this approach offers insight for
occupational health by highlighting modifiable psychological processes associated with stress and sleep health.

Theoretical Background

Cognitive reappraisal is a deliberate emotion regulation strategy that involves reinterpreting the meaning of emotionally
charged situations to modify their emotional impact." This cognitive reframing process allows individuals to assign new
meaning to stressful experiences, thereby altering their emotional and motivational significance. Extensive research has
shown that individuals who habitually use reappraisal report less negative affect, greater positive affect, increased well-
being, and lower anxiety and depression.>*> Reappraisal has also been found to play a central role in regulating affective
reactivity to negative events, reducing perceived stress, and promoting psychological resilience in the face of
adversity,*'? supporting its utility as a stress-regulation resource. Because reappraisal involves cognitively reframing
how experiences are understood and valued, it may extend beyond emotional adaptation to influence how individuals
derive meaning from their daily work experiences.

Meaningful work is commonly defined as the subjective experience that one’s work is significant, purposeful, and
congruent with personal values and identity.'”*® A growing body of evidence identifies meaningful work as a critical
psychological resource associated with lower stress, greater well-being, and fewer depressive symptoms.>' >* Employees
who experience their work as meaningful report greater work engagement, fulfillment, and resilience under
pressure.”'*> Importantly, meaningful work is not a fixed attribute of a job but is cognitively constructed through
interpretive processes.””*® From a sensemaking perspective,”® employees interpret cues from their tasks, roles, and
organizational environment to construct narratives that imbue their work with personal significance.

We propose that cognitive reappraisal plays a central role in this meaning construction process. According to Lazarus
and Folkman’s transactional model of stress,” reappraisal allows individuals to reframe work-related stressors—not as
threats, but as challenges or opportunities for growth. Although this reframing does not alter the objective demands of
work, it changes their perceived significance, fostering more adaptive interpretations. While empirical research has not
yet explored whether cognitive reappraisal contributes to perceptions of meaningful work, evidence from related areas
suggests that reappraisal can shape the meanings individuals derive from adverse or demanding experiences. Meaning-
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making theories describe positive reappraisal as a cognitive process through which individuals restore a sense of
coherence or construct adaptive interpretations of stressful events.>® Through reinterpreting negative experiences in
a more positive light, individuals come to believe that something valuable or beneficial has been gained—such as
wisdom or personal growth.>' Recent experimental evidence further demonstrates that positive reappraisal increases the
perceived meaningfulness of everyday negative events, indicating that reframing directly promotes meaning-making.*>
Taken together, these findings suggest that individuals who habitually use reappraisal may be more likely to view
challenging work situations as meaningful elements of their personal and professional development. Therefore, we
hypothesized that cognitive reappraisal is positively associated with perceptions of meaningful work.

Hypothesis 1: Cognitive reappraisal will be positively associated with perceptions of meaningful work.

Meaningful work, in turn, may serve as a key psychological resource that protects individuals from stress. Meaningful
work has been consistently associated with lower psychological strain and reduced distress in demanding work
environments.>*** According to the Job Demands—Resources (JD-R) model,** job resources that activate motivational
processes enable individuals to meet work demands and protect themselves from resource depletion. Consequently, such
resources are negatively related to burnout and buffer the adverse effects of job demands.** Empirical research has shown
that meaningful work functions as a job-related psychological resource that promotes vigor and protects against
emotional exhaustion.***> Additional evidence indicates that meaningful work can buffer the effects of hindrance
stressors,’® and foster resilience through greater work engagement.”® Given that work situations represent the single
most important contributors to perceived stress among employees,'* these findings suggest that meaningful work may
help reduce overall perceived stress by strengthening individuals’ psychological resources in demanding contexts.
Therefore, we hypothesize that perceptions of meaningful work will be negatively associated with perceived stress and
that cognitive reappraisal will show an indirect association with perceived stress through perceptions of meaningful
work. Moreover, although meaningful work is expected to play a role in the association between cognitive reappraisal
and perceived stress, we anticipate a partial indirect pattern, as cognitive reappraisal may also show links to lower

perceived stress through other adaptive processes that extend beyond the work domain.
Hypothesis 2: Perceptions of meaningful work will be negatively associated with perceived stress.

Hypothesis 3: Cognitive reappraisal will be indirectly related to perceived stress via its relationship with meaningful
work.

We suggest that the stress-reducing benefits of meaningful work may extend to sleep health. Perceived stress is
a well-established predictor of poor sleep quality.’” Elevated stress levels are associated with longer sleep onset latency,
more frequent nighttime awakenings, and poorer overall sleep quality.'®>® Stress—sleep frameworks posit that heightened
physiological and cognitive arousal interferes with sleep initiation and maintenance,*” and theories of sleep reactivity
further suggest that individuals become more susceptible to sleep disturbances under stress.'® Consistent with these

theoretical perspectives, physiological arousal triggered by stress disrupts normal sleep cycles,*

while cognitive
preoccupation with stressors interferes with the ability to relax and disengage before bedtime.*'** Recent evidence
from the COVID-19 pandemic further confirms the robustness of this association across diverse populations and high-
stress contexts.***** Accordingly, by mitigating perceived stress, meaningful work may help promote better sleep quality.
We therefore hypothesize that perceived stress will be negatively associated with sleep quality and that cognitive
reappraisal will be indirectly related to sleep quality through its sequential associations with meaningful work and

perceived stress.
Hypothesis 4: Perceived stress will be positively associated with poorer sleep quality.

Hypothesis 5: Cognitive reappraisal will be indirectly associated with sleep quality through its sequential associations
with meaningful work and perceived stress.

Nature and Science of Sleep 2026:18 heeps: 3
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Materials and Methods

Sample and Procedures

Data were drawn from the biomarker subsamples of the second wave of the core cohort (MIDUS 2; M2) and the refresher
cohort (MIDUS Refresher; MR) of the Midlife in the United States study (MIDUS; http://midus.wisc.edu/), a national
longitudinal study of health and well-being in adulthood. The M2 sample comprised participants originally surveyed in
1995-1996 and recontacted for follow-up between 2004 and 2006 (response rate = 75%). The MR cohort, recruited
between 2011 and 2014, was designed to mirror the demographic composition of M2 in terms of age and gender. Both

cohorts completed a structured phone interview and a self-administered questionnaire. A subset of participants from each
cohort participated in the MIDUS Biomarker Project, which involved comprehensive psychophysiological assessments
conducted during a clinic visit. For the M2 cohort, biomarker data were collected between 2004 and 2009, on average
approximately two years after the MIDUS 2 survey, although the exact timing varied across participants. For the MR
cohort, biomarker data were collected between 2012 and 2016, following completion of the Refresher survey.
Comprehensive information about the project, its protocol, and variables measured is available elsewhere.*’

From the biomarker subsamples (M2: N = 1054; MR: N = 863), we initially selected participants who (a) were currently
working for pay and (b) had completed measures of meaningful work and relevant work-related covariates (eg, job demand),
resulting in subsamples of N = 555 (M2) and N = 387 (MR). We then excluded participants who reported working fewer than
20 hours per week to ensure sufficient and regular engagement in work activities, which is necessary for obtaining meaningful
and reliable responses on work-related constructs such as meaningful work. This approach is consistent with prior daily work
research that applied a similar cutoff to capture employees with adequate exposure to day-to-day work demands.*® This
exclusion applied to 39 participants from M2 and 31 from MR. The final analytic sample included 516 participants from M2
and 356 from MR (total N = 872). Prior studies have employed similar working subsamples from MIDUS.*7#%

Given that the data collection protocols and measures were identical across the two cohorts, we combined data from M2
and MR to enhance statistical power, resulting in a total sample of 872 participants. While MR participants were generally
younger, more racially diverse, less likely to smoke, and had lower decision authority, no significant differences were observed
in key study variables across cohorts (see Table 1). No extreme outliers were detected, as all observations fell within three
times the interquartile range (3 % IQR). The total sample (49.2% female) had a mean age of 48.59 years (SD = 10.25), and
89.0% identified as White. Most participants (82.1%) had completed education beyond high school. As such, the sample

Table | Descriptive Characteristics of the Total Sample and by MIDUS Cohort (MIDUS 2 and MIDUS Refresher)

Total Sample (N = 872) MIDUS 2 (N = 516) MIDUS Refresher (N = 356) | Difference Test
Mor % SD Mor % SD Mor % SD
Demographic and health covariates

Age 48.59 10.25 50.00 8.73 46.54 11.84 4.96%F*
Gender (% Women) 49.2% 51.2% 46.3% 1.95
Race (% White) 89.0% 93.6% 82.0% 28.74%%*
Education 823 2.32 779 2.32 8.85 2.16 —6.89%F*
Financial situation 6.43 2.01 6.48 1.98 6.37 2.05 0.78
Log total household income 4.83 0.68 4.80 0.67 4.86 0.70 —1.42
Marital/cohabitation status (% Yes) 72.8% 74.8% 69.9% 2.52
Health status (% Yes) 89.2% 90.7% 87.1% 2.87
Log depression 0.10 0.26 0.10 0.25 0.10 0.26 -0.43
Log CTQ 0.85 0.13 0.85 0.13 0.85 0.13 0.28
Body mass index 29.34 6.13 29.36 6.02 29.31 6.28 0.14
Alcohol use frequency 437 1.49 4.42 1.53 4.28 1.41 1.37
Current smoking status (% Yes) 8.8% 11.8% 4.5% 14.09*
Regular exercise (% Yes) 79.6% 80.8% 78.4% 0.88

(Continued)
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Total Sample (N = 872) MIDUS 2 (N = 516) MIDUS Refresher (N = 356) | Difference Test
Mor % SD Mor % SD Mor % SD
Work-related covariates
Work hours per week 42.38 10.24 42.30 9.99 42.49 10.64 —0.28
Job demand 15.41 3.07 15.26 2.98 15.64 3.19 -1.79
Skill discretion 10.80 2.18 10.71 2.04 10.92 235 -1.37
Decision authority 21.96 4.36 2227 4.19 21.52 4.57 2.48%*
Supervisor support 10.66 2.64 10.68 2.54 10.62 2.77 0.32
Log work nights 0.47 0.67 0.47 0.69 0.47 0.67 0.14
Study variables
Cognitive reappraisal 3.07 0.6l 3.06 0.62 3.06 0.58 0.43
Meaningful work 5.27 1.36 5.29 1.38 5.23 1.39 0.63
Perceived stress 22.02 6.11 21.76 6.10 22.38 6.13 —1.47
Sleep quality 5.64 3.07 5.73 3.17 5.53 292 0.91

Notes: Values represent means and standard deviations (SD) for continuous variables, and percentages for categorical variables. Difference tests reflect independent-
samples t-tests for continuous variables and chi-squared tests for categorical variables. Total household income, depression, CTQ, and work nights were log-
transformed due to positive skewness. *p <0.05. ***p <0.001.

Abbreviations: MIDUS, Midlife in the United States; CTQ, Childhood Trauma Questionnaire.

primarily reflects midlife, predominantly White, and relatively well-educated working adults. Missing data were handled
using full information maximum likelihood (FIML), which yields unbiased estimates under missing-at-random assumptions
and is preferable to traditional techniques such as listwise deletion or mean imputation.*” Because several variables in the path
model served as exogenous predictors, cases with missing data on these predictors (n = 20) were excluded, as missingness on
exogenous variables cannot be incorporated into the FIML estimation process and could impede proper model identification
and stable estimation. This resulted in a final analytic sample of 852 participants for the path analysis.

Measures

Variables were drawn from both the general survey and biomarker phases of MIDUS 2 and the Refresher cohort.
Cognitive reappraisal, demographic information, work-related covariates, and depression were assessed during the
general survey; meaningful work, perceived stress, sleep quality, BMI, childhood abuse and presence of symptoms of
chronic conditions were measured during the biomarker phase. Accordingly, the analytic model incorporates a partially
longitudinal structure, with cognitive reappraisal temporally preceding the other key study variables, which were
measured concurrently during the biomarker phase.

Cognitive Reappraisal

Cognitive reappraisal was assessed using the 4-item Positive Reappraisal Scale®® (eg, “When I am faced with a bad
situation, it helps to find a different way of looking at things”). Items were rated on a 4-point Likert scale (1 = A lot to
4 = Not at all) and reverse scored. Higher scores reflected greater reappraisal tendency (Cronbach’s o= 0.79; McDonald’s
o = 0.80). Additional psychometric information, including factor structure and validity analyses, is provided in the
Supplementary Materials.

Meaningful Work

Meaningful work was assessed with a single global item (“My work makes the world a better place”)’' rated on a 7-point
scale from 1 (strongly disagree) to 7 (strongly agree). Because the MIDUS survey includes only one item that captures
global perceived meaningfulness, meaningful work could only be measured with a single-item indicator. We conceptua-
lized this item as a reflective global appraisal of meaningful work, consistent with theoretical views that meaningful work
represents a higher-order evaluative judgment.'” Although this item most directly captures the greater-good facet of
meaningful work, prior work identifies greater-good motivation as a core subdimension that meaningfully contributes to
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individuals’ overall experience of meaningful work.'” To evaluate the validity of this single-item indicator, we conducted
an independent validation study using Mechanical Turk participants (N = 113). This study demonstrated strong
convergent validity with the Steger et al'” scale, the Work and Meaning Inventory (r = 0.62, p <0.001).

Perceived Stress

The 10-item Perceived Stress Scale (PSS)>* measured participants’ stress over the past month (eg, “How often have you
felt nervous or stressed?”’). Items were rated on a 5-point scale (1 = Never to 5 = Very often), with reverse-coding of
positive items, and scores were summed (Cronbach’s o = 0.87; McDonald’s ® = 0.87).

Sleep Quality

Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI),>® a widely used 19-item retrospective
questionnaire that evaluates sleep quality and disturbances over the past month. The PSQI includes 19 self-rated items,
which are grouped into seven component scores: subjective sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. Each component is scored on a scale
from 0 to 3, and the global PSQI score (range: 0-21) is calculated by summing the seven component scores, with higher
scores indicating poorer sleep (Cronbach’s o = 0.60; McDonald’s @ = 0.60).

Covariates

We measured a broad set of demographic, health-related, and work-related variables as potential background covariates,
given their documented associations with stress, sleep patterns, and work experiences in behavioral medicine research.
These variables included age, sex (0 = male, 1 = female), years of education (1-12 scale), race (0 = White, 1 = Non-
White), marital/cohabitation status (1 = yes, 0 = no), and total household income (log-transformed due to skewness).
Health-related covariates included current smoking status (1 = yes, 0 = no), alcohol use frequency (1 = daily to 6 =
never), body mass index (BMI), general health status (presence of any symptoms or chronic conditions; 1 = yes, 0 = no),
and regular exercise (>20 minutes, >3 times/week; 1 = yes, 0 = no).

In addition to these potential background variables, we included several theory-driven covariates based on prior
conceptual and empirical work suggesting that they could plausibly influence the pathways linking cognitive reappraisal,
meaningful work, perceived stress, and sleep quality. Work-related factors—including job demand, skill discretion,
decision authority, and supervisor support—were measured using established job characteristics scales widely used in
prior studies,”® given their documented associations with meaningful work and perceived stress. Perceived financial
situation (0 = worst possible, 10 = best possible) was also included as a covariate due to its established association with
stress.”> Depression, assessed as a continuous count of symptoms related to depressed affect and anhedonia,*® was
included due to its strong link to sleep quality.’’ Experiences of childhood abuse were measured using the 25-item
Childhood Trauma Questionnaire (CTQ), given evidence of its association with work stress®® and adult sleep.’® Both
depression and CTQ scores were positively skewed and were log-transformed prior to analysis. In addition, we measured
the number of nights participants spent away from home for work in the past 12 months, given strong evidence that night
work disrupts circadian rhythms and impairs sleep quality over time.*

Following Sturman et al’s recent recommendations for theory-driven and parsimonious control variable use,’' we
evaluated whether the inclusion of each covariate meaningfully altered the magnitude, direction, or substantive inter-
pretation of the focal associations. Covariates that did not meaningfully alter effect estimates or improve model
interpretability were not retained. Based on these criteria and preliminary analyses, the final models included the
following covariates (see Supplementary Table S2): education and skill discretion in predicting meaningful work; age,

gender, perceived financial situation, CTQ, and job demand in predicting perceived stress; and gender, CTQ, depression,
and health status in predicting sleep quality. Consistent with Sturman et al’s recommendation, we report all focal analyses
both with and without covariates; results from the unadjusted models are presented in the Supplementary Material.

Analyses
All data analyses were conducted using Mplus 6.°* Pearson correlation analyses were first performed among all study
variables. Path analysis was then used to test the hypothesized model and examine the proposed relationships among
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cognitive reappraisal, meaningful work, perceived stress, and sleep quality. Assumptions relevant to path analysis were
examined prior to estimation. Relationships among the primary continuous variables were approximately linear based on
visual inspection, and robust maximum likelihood estimation (MLR) was used to account for potential non-normality and
heteroscedasticity. Model fit was assessed using the comparative fit index (CFI), Tucker-Lewis index (TLI), root mean
square error of approximation (RMSEA), and standardized root mean square residual (SRMR). Following Hu and
Bentler,63 CFI and TLI values >.95, RMSEA values <.06, and SRMR values <.08 were considered indicative of good
model fit. A post hoc Monte Carlo power analysis®* (10,000 replications, 95% confidence level) was conducted to
evaluate the statistical power for detecting the serial indirect effects. Given the sample size of 852 and the observed effect

sizes, the estimated power to detect the indirect effects was 1.00.

Results
Descriptive statistics and correlations are presented in Table 2, and the full correlation matrix, including all candidate
covariates, is available in Supplementary Table S1. As expected, cognitive reappraisal was positively associated with

meaningful work, meaningful work was negatively associated with perceived stress, and perceived stress was associated
with sleep quality. All primary variables demonstrated significant intercorrelations in the expected directions.

In addition to modeling sleep quality as a continuous outcome, we examined the prevalence of clinically meaningful
sleep disturbance using the conventional PSQI cutoff of >5.%% A total of 57.6% of participants met this threshold, indicating
that more than half of the sample experienced sleep difficulties at a level commonly used to indicate clinically relevant sleep
disturbance. To clarify which sleep domains were most strongly associated with the global PSQI score, we examined
descriptive statistics and correlations for all seven PSQI components. As summarized in Supplementary Table S7, perceived

stress showed significant correlations with all seven components, with the strongest associations observed for subjective
sleep quality (r = 0.27; p < 0.01), sleep latency (r = 0.18; p < 0.01), sleep disturbances (r = 0.24; p < 0.01), and daytime
dysfunction (r = 0.45; p < 0.01), and smaller but significant associations for sleep duration (r = 0.12; p < 0.01), sleep
efficiency (r = 0.08; p < 0.05), and use of sleeping medication (r = 0.10; p < 0.01). Overall, these results indicate that
perceived stress is broadly associated with multiple aspects of sleep captured by the PSQI.

Next, we tested the proposed serial mediation model using path analysis in Mplus 6.°* The results indicated that the
hypothesized model provided an acceptable fit to the data, X2(18) = 26.48, CFI = 0.98, TLI = 0.97, RMSEA = 0.02,
SRMR = 0.02. As shown in Figure 1, the results supported the hypothesized relationships. Consistent with Hypothesis 1,
reappraisal was significantly associated with meaningful work (B = 0.49, SE = 0.08, 95% CI [0.34, 0.64]), even after
adjusting for education and skill discretion. Supporting Hypothesis 2, meaningful work was negatively associated with
perceived stress (B =—0.64, SE = 0.14, 95% CI [-0.90, —0.37]), controlling for age, gender, financial situation, CTQ, and
job demand. Reappraisal was also directly associated with lower perceived stress (B = —2.14, SE = 0.30, 95% CI [-2.72,
—1.55]). As expected, higher levels of perceived stress were associated with poorer sleep quality (B = 0.13, SE = 0.02,
95% CI [0.10, 0.17]) after controlling for gender, CTQ, depression, and health status, supporting Hypothesis 4.

Supporting Hypothesis 3, the indirect relationship from reappraisal to perceived stress through meaningful work was
significant (B = —0.31, SE = 0.08, 95% CI [-0.47, —0.16]). Meaningful work was also indirectly associated with sleep
quality through its association with perceived stress (B = —0.09, SE = 0.02, 95% CI [-0.13, —0.04]). In addition, the
indirect association from reappraisal to sleep quality through perceived stress was significant (B = —0.28, SE = 0.05, 95%
CI [-0.39, —0.18]). Finally, consistent with Hypothesis 5, the sequential indirect association from reappraisal to sleep
quality through meaningful work and perceived stress was significant (B = —0.04, SE = 0.01, 95% CI [-0.07, —0.02]).

To evaluate the practical magnitude of the indirect associations, we quantified effect sizes using the approach
proposed by Lachowicz et al,®> whereby the proportion of variance in the outcome attributable to a mediation pathway
is obtained by squaring the completely standardized indirect effect. The indirect effect from cognitive reappraisal to sleep
through perceived stress had a completely standardized value of —0.057, indicating that this pathway accounted for
approximately 0.33% of the variance in sleep quality. The sequential pathway from reappraisal to meaningful work, then
to perceived stress, and subsequently to sleep had a completely standardized indirect effect of —0.008, explaining
approximately 0.007% of the variance in sleep quality.

Nature and Science of Sleep 2026:18 heeps: 7
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Table 2 Means, Standard Deviations, and Intercorrelations Among Study Variables

Variables M SD 1 2 3 4 5 6 7 8 9 10 11 12
I. Cognitive reappraisal 3.06 0.6l

2. Meaningful work 5.26 1.38 0.25%%*

3. Perceived stress 22.08 6.12 —0.29%* —0.25%¥*

4. Sleep quality 5.62 3.03 —0.10%* —0.10%* 0.35%%*

5. Age 48.49 10.25 0.07* 0.06 —0.16%%* —0.04

6. Gender 0.49 0.50 0.1 1% 0.04 0.10%* 0. | 4 —-0.02

7. Education 822 231 0.00 0.24%* —0.11** —0.10%* —0.03 —0.03

8. Financial situation 6.45 2.00 0.12%* 0.1 5%%* —0.3|#¥* —0.|8%¥* 0.1 1%* —0.11** 0.19%#*

9. Health status 0.89 0.31 —-0.03 —0.06 0.09* 0.16%%* 0.1 9%¥* 0.04 0.02 —0.07*

10. Log depression 0.10 0.26 —0. 2% -0.08* 0.2 |k 0.2k —-0.09* 0. | 3k —0.10%* —0. 2% 0.07*

1. Log CTQ 0.85 0.13 —-0.07* —0. | 3k 0.3 |k 0.27°%k* -0.02 0. | 2% —0. | 4tk —0.20%#* 0. | 5 0.24k*

12. Job demand 15.41 3.08 —-0.04 0.0l 0.24k* 0.08* —0.1 I 0.07 0.1 5%%* —0.05 0.03 0.12%* 0.] 5%%*

13. Skill discretion 10.79 2.17 0. 6¥¥* 0.28%¥* —0.12%* —-0.05 0.03 0.03 0.23 0.20%** -0.01 -0.07 —0.06 0.24%%*

Notes: N = 852. Twenty participants were excluded from a total sample of 872 due to missing data on predictor variables, in order to meet assumptions of full information maximum likelihood (FIML) estimation. For gender, 0 = men, |
= women. Health status indicates the presence of any symptoms or chronic conditions (I = yes, 0 = no). CTQ refers to experiences of childhood abuse, measured using the Childhood Trauma Questionnaire. Depression and CTQ were
log-transformed due to positive skewness. *p <0.05. *p <0.01. ***p <0.001.
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Figure | Results of path analysis among cognitive reappraisal, meaningful work, perceived stress, and sleep quality. Values represent unstandardized coefficients. Paths for
covariates are omitted for clarity (see Supplementary Table S2 and Figure S| for significant direct effects). **p <0.01.
Abbreviation: SE, standard error.

Supplementary Analyses
Although our hypotheses were grounded in the theoretical rationale described earlier, we conducted supplementary
analyses to examine reversed and competing model specifications (see Supplementary Table S8 for full model fit

information). Model comparisons were conducted using Akaike’s Information Criterion (AIC) and Bayesian
Information Criterion (BIC), with lower values indicating better fit.®® First, we tested a reverse-order model in which
sleep quality predicted perceived stress, which in turn predicted meaningful work and subsequently predicted cognitive
reappraisal (sleep — stress — meaningful work — reappraisal). This model showed poorer fit (AIC = 35790.35, BIC =
35894.80) relative to our final model (AIC = 35690.46, BIC = 35790.16). We then examined a model in which cognitive
reappraisal predicted meaningful work, meaningful work predicted sleep quality, and sleep quality subsequently
predicted perceived stress (reappraisal — meaningful work — sleep — stress). This specification also showed weaker
fit (AIC = 35718.11, BIC = 35817.81). Finally, we evaluated a parallel-path model in which cognitive reappraisal
predicted both meaningful work and perceived stress, and both variables in turn predicted sleep quality (reappraisal —
meaningful work — sleep; reappraisal — perceived stress — sleep). This model likewise showed poorer fit (AIC =
35712.59, BIC = 35812.29) compared with the final model. Taken together, these comparative analyses indicate that our
theoretically guided model provides a better fit to the data than the alternative models we tested.

Sensitivity Analysis

To evaluate the robustness of the primary findings, we conducted three sets of sensitivity analyses (see the Supplementary
Material for corresponding model results). First, we compared results obtained using FIML with those from listwise
deletion. The findings were consistent across methods, with no substantive changes in significance, direction, or effect
size (see Tables S3 and S4). Second, we re-estimated the final model without the control variables to assess their
influence. The results remained robust and closely aligned with the main analysis, showing no meaningful changes in
significance, direction, or effect magnitude (see Tables S and S5). Third, we conducted subgroup analyses separately for
participants from the MIDUS 2 (M2) and MIDUS Refresher (MR) cohorts. The primary associations were replicated in
both subgroups, supporting the generalizability of the model (see Tables S3 and S6).

Discussion

This study examined a theoretically grounded pattern of associations linking cognitive reappraisal with sleep quality
through meaningful work and perceived stress. The ordering tested in the present study was guided by prior research that
cognitive reappraisal—conceptualized as a relatively stable regulatory tendency shaping how individuals interpret work
experiences—is associated with the construction of work-related meaning; that meaning-related appraisals are linked to
subsequent stress-related affective responses; and that perceived stress is closely tied to sleep impairment. Although
meaningful work, perceived stress, and sleep quality were assessed concurrently at the biomarker visit and their temporal
ordering therefore cannot be definitively established, these theoretical considerations provided the basis for testing this
ordering as the primary model. Consistent with this hypothesized pattern, the results indicate that cognitive reappraisal
was indirectly associated with sleep quality through its association with meaningful work and, in turn, perceived stress.
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Although the observed indirect effects were modest in magnitude, as is common in psychosocial serial mediation models,
such effects are consistent with prior research on psychosocial pathways to sleep and may still be meaningful when
considered cumulatively across interconnected psychological processes. These findings align with prior research demon-

367 as well

strating that cognitive reappraisal is associated with reduced psychological distress and enhanced well-being,
as with evidence linking stress to poor sleep through mechanisms such as physiological arousal and cognitive
rumination.'®>”*° In addition to the sequential pattern of associations, cognitive reappraisal also showed an indirect
association with sleep quality via perceived stress alone, suggesting that stress-related processes may represent an
additional pathway linking reappraisal to sleep outcomes. Together, these findings extend existing research by providing
an integrative account of how emotion regulation may be linked to sleep health through meaning-making and stress
processes, underscoring the interconnections among cognitive, motivational, and stress-related mechanisms.

This study contributes to the literature in several ways. First, from a sleep research perspective, the present study
advances understanding of psychosocial factors associated with sleep quality in working adults by clarifying pathways
through which stress is linked to sleep. A substantial body of sleep research has demonstrated that stress plays a central
role in sleep disruption. Building on this literature, prominent stress—sleep models emphasize that stress-related processes
—such as heightened physiological arousal and increased vulnerability of the sleep system to stressors—interfere with
the initiation and maintenance of sleep and contribute to disturbances in sleep continuity and architecture.'® Experimental
evidence further shows that acute psychosocial stress can disrupt sleep continuity even among healthy adults.®® Together,
this body of work underscores the importance of identifying psychosocial factors that help attenuate stress-related sleep
disruption. In this context, the present study contributes by focusing on psychosocial processes that may attenuate stress
experiences relevant to sleep in everyday work settings. Specifically, our findings highlight cognitive reappraisal and
work-related meaning as upstream factors associated with lower perceived stress and, in turn, better self-reported sleep
quality. By situating sleep quality within a psychosocial framework that integrates cognitive reappraisal, meaning-making
and stress appraisal, this study extends prior sleep research by illustrating how upstream cognitive processes may be
relevant to sleep health through their associations with stress.

Second, this study contributes to the emotion regulation literature by extending understanding of how cognitive
reappraisal is associated with downstream aspects of everyday functioning, including sleep health. Although reappraisal

has been widely studied as a strategy for regulating affect and supporting mental health,®”-¢°

relatively little is known
about how habitual reappraisal tendencies correspond with restorative outcomes such as sleep in the context of working
life. The present findings indicate that reappraisal is indirectly associated with sleep quality through its concurrent
associations with meaningful work and perceived stress. These patterns suggest that individuals who tend to engage in
cognitive reappraisal may also be more likely to construe their work experiences in adaptive ways that are associated
with lower perceived stress and better sleep. By highlighting these associations, the present study extends prior emotion
regulation research by illustrating how reappraisal, meaning-related interpretations, and stress are jointly related to sleep
health within the chronic demands of everyday work contexts.

Third, this study contributes to theoretical models of meaningful work by examining cognitive reappraisal as
a potential antecedent of meaningful work perceptions. Although prior research has largely emphasized external drivers

of meaningful work, such as job characteristics or leadership behaviors,?%"°

our findings indicate that employees’
cognitive habits, particularly their tendency to reinterpret challenging work experiences, are also related to how mean-
ingful they perceive their work to be. This perspective aligns with sensemaking theories of meaning construction®> and
suggests that reappraisal may be associated with more adaptive meaning-related interpretations of work experience.
Furthermore, although meaningful work has been associated with reduced burnout and greater psychological resilience,*®
our results show that meaningful work is also associated with lower stress and better sleep, underscoring its relevance for
understanding broader aspects of employee well-being.

Fourth, the findings enrich the literature on occupational health by highlighting psychological resources that are
associated with more favorable responses to workplace stressors in relation to sleep quality. Although prior research has
established that occupational stressors are robust predictors of sleep disturbances,® relatively few studies have examined
how individual-level psychological resources, such as cognitive reappraisal and meaning-making, are linked to sleep-
relevant outcomes. By identifying indirect associations in which cognitive reappraisal and meaning-related experiences
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are linked with sleep quality—partly through perceived stress—this study directly addresses this gap and clarifies how
individual-level psychological strengths may be relevant for sleep health in occupational contexts.

Finally, from an applied and occupational perspective, the findings highlight several considerations for supporting
sleep and psychological well-being among employees. Notably, more than half of participants (57.6%) exceeded the
conventional PSQI cutoff for clinically poor sleep, underscoring the high prevalence of sleep difficulties in this working
adult sample. This level of prevalence underscores the practical importance of efforts aimed at reducing stress-related
sleep disturbance in working populations. Although the present study cannot directly inform clinical sleep interventions
due to its observational design and reliance on self-reported sleep quality, the findings may nevertheless inform applied
and occupational efforts to promote sleep health by suggesting cognitive reappraisal as an emotion-regulation process
associated with lower perceived stress and better sleep quality. Consistent with prior experimental research demonstrating
that cognitive reappraisal can reduce stress,”' the current findings suggest that reappraisal-related skills could be explored
as one component of programs aimed at helping employees manage stress and support healthier sleep patterns. In
addition, previous intervention research has shown that mindfulness-based programs can enhance both reappraisal and

meaning-making at work,*"°

suggesting that such approaches may offer promising avenues for supporting employees’
stress regulation. Integrating these strategies into workplace wellness initiatives addressing stress-related sleep concerns
may provide useful directions for future research on promoting emotional well-being and sleep health.

At the organizational level, promoting meaningful work through intentional job design and leadership practices may
also foster better sleep by alleviating stress and strengthening employees’ sense of purpose. Job design strategies that
enhance task significance, increase autonomy, and make the broader impact of employees’ contributions more visible can
reinforce perceptions of meaning at work.”® Leadership behaviors that explicitly connect daily tasks to organizational
values and social contributions, and that communicate a clear sense of purpose, may further strengthen these effects.?” In
addition, job crafting initiatives that encourage employees to align their tasks with personal strengths and goals can
facilitate the construction of meaningful work experiences,”” thereby reducing stress and enhancing well-being. Beyond
structural interventions, organizations may also consider incorporating emotion regulation—focused programs, such as
cognitive reappraisal training, to help employees reinterpret work-related stressors in more adaptive ways. Such
combined approaches—addressing both the meaning of work and employees’ regulatory capacities—may be particularly
effective in mitigating stress and supporting sleep health.

Despite its strengths, this study has several limitations that warrant consideration. First, the cross-sectional design
limits causal inference. Although cognitive reappraisal was measured approximately two years prior to the assessment of
meaningful work, perceived stress, and sleep quality, the latter three variables were assessed contemporaneously at the
same wave. Consequently, temporal precedence among the mediators and outcome cannot be established, which
precludes causal interpretation of the proposed sequential pathway. For example, although the present study specifies
one theoretically grounded directional model, the association between meaningful work and perceived stress may also be
reciprocal. It is plausible that perceived stress may diminish experiences of meaningful work, as high-strain conditions—
such as unfair treatment, disrespect, or toxic work climates—can erode individuals’ sense of purpose and significance at
work by undermining the cognitive and motivational resources required for meaning-making.”* In this way, stress may
impair the processes through which work meaning is constructed, suggesting that meaningful work and stress may
influence one another over time. Similarly, sleep problems may exacerbate stress, which may in turn undermine
individuals’ capacity to sustain a sense of meaning at work, further highlighting the potential for reciprocal associations
among these processes. Accordingly, future research should employ longitudinal or experimental designs to more
rigorously assess temporal ordering and directionality.

Second, a further limitation concerns the measurement of meaningful work with a single global item. Although the
item demonstrated acceptable convergent validity in our independent validation study and prior research has shown that
single-item indicators of meaning-related constructs can exhibit strong psychometric properties,”* this approach does not
fully address the limitation posed by the multidimensional nature of meaningful work. Theoretical models conceptualize
meaningful work as comprising several interrelated facets—such as positive meaning, meaning-making, and greater-good
motivation—which collectively define the construct at a broader level.'” Our global reflective indicator primarily
captures the greater-good facet and therefore cannot fully represent the construct’s multidimensional character, even if
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it provides a reasonable approximation of overall perceived meaningfulness. Consequently, future research should
employ comprehensive multidimensional measures of meaningful work to more fully capture the construct and ensure
that observed associations with stress or sleep outcomes reflect the full conceptual scope of meaningful work rather than
a single facet.

Third, although the PSQI is a widely used and psychometrically robust self-report measure of sleep quality, the
absence of objective sleep assessments represents an important limitation of the present study. The PSQI has been linked
to clinically relevant outcomes such as hypertension’> and inflammatory processes including interleukin-6,’® supporting
its validity as an indicator of sleep-related health risk. Nevertheless, self-reported sleep does not always correspond
closely to objectively measured parameters. For instance, Lehrer et al’’ demonstrated that individuals tend to over-
estimate sleep duration and efficiency and underestimate sleep onset latency and wake time when using self-reports
compared with actigraphy and polysomnography. These discrepancies suggest that subjective sleep ratings capture an
important experiential and perceptual dimension of sleep—one that is theoretically relevant to stress and cognitive
processes—but may not fully reflect physiological sleep architecture. Accordingly, the present findings should be
interpreted with the understanding that our measure reflects perceived rather than objectively measured sleep quality.
Future research would benefit from incorporating multimethod sleep assessments, such as actigraphy or polysomnogra-
phy, to evaluate whether the observed psychological pathways similarly predict physiological aspects of sleep. Such
designs would provide a more comprehensive understanding of how cognitive reappraisal, meaningful work, and stress
relate to both subjective experiences of sleep and objective sleep physiology.

Fourth, although the analyses adjusted for a broad set of sociodemographic and health-related covariates, some
theoretically relevant factors were not assessed. Dispositional characteristics such as trait optimism and other emotion
regulation strategies (eg, suppression or rumination) may covary with cognitive reappraisal and influence stress
reactivity, potentially acting as confounding factors that affect multiple components of the proposed pathway and
complicate the interpretation of reappraisal’s unique role. In addition, job-related variables, such as low job control or
job insecurity, may independently contribute to perceived stress and sleep outcomes.® Sleep quality was also assessed via
self-report rather than clinical diagnosis, and chronic sleep disorders (eg, insomnia) may have influenced reported
symptoms. Future research incorporating these factors would help clarify the boundary conditions and incremental
validity of the present findings.

Fifth, this study did not examine work schedule characteristics that may moderate the associations among cognitive
reappraisal, meaningful work, stress, and sleep. Shift work, in particular, is a salient contextual factor known to disrupt
circadian rhythms and impair sleep.”® Although the present study included the number of nights away from home due to
job demands as a covariate, this variable does not capture shift timing or non-daytime schedules and showed no
meaningful associations with the primary study constructs. As a result, the present findings may be less generalizable
to workers who regularly engage in rotating, evening, or night shifts—groups known to experience circadian disruption
and sleep impairments.”® Beyond work schedules, broader work environment characteristics may further condition the
observed pathways. Prior research indicates that adverse organizational climates—especially low levels of organizational
justice—are robustly associated with insomnia and specific sleep problems, independent of job demands and control.”’
Such environments may amplify stress appraisals and undermine perceived control or fairness, thereby constraining
employees’ capacity to engage in adaptive emotion regulation or to derive meaning from work.

Sixth, the generalizability of the present findings may be limited by characteristics of the study sample and the context
in which the data were collected. Specifically, the present findings may not generalize to populations with clinically
diagnosed sleep disorders, as emotion regulation profiles and stress—sleep dynamics in clinical insomnia appear to differ
from those observed in non-clinical samples.*® In addition, the associations observed in this study may vary across
occupational sectors, particularly in high-stress professions such as healthcare, emergency response, or customer service.
Workers in these settings often face intense emotional demands, limited autonomy, and irregular schedules, including
shift work, which may attenuate the potential protective roles of cognitive reappraisal and meaningful work. Future
research should therefore examine whether the proposed pathways generalize across diverse occupational sectors and

cultural contexts, with particular attention to high-stress work environments.
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The present findings should also be interpreted in light of the historical context of the data collection period. The data
were collected prior to recent structural changes in the nature of work, including increasing technological change and
automation, which have contributed to heightened job insecurity in contemporary work settings.®' These shifts may be
particularly consequential for younger workers, who are more likely to experience precarious employment and elevated
uncertainty. Accordingly, caution is warranted when generalizing the present findings to younger cohorts whose work-
related stress exposures may differ from those represented in the current sample.

Finally, the sample was predominantly White and middle-aged, which may limit the generalizability of the findings to
more racially, ethnically, and culturally diverse working populations. Prior research has documented substantial dispa-
rities in sleep health across racial and ethnic groups, including differences in sleep quality, sleep disorders (eg, sleep-
disordered breathing, insomnia), and undiagnosed sleep apnea.®* Minoritized populations are more likely to be exposed
to distinct sociocultural and structural stressors, which may shape stress appraisals and sleep outcomes in ways not fully
captured in the present sample. Moreover, evidence suggests that the association between cognitive reappraisal and
psychological well-being may vary across cultures, with some studies reporting stronger associations in East Asian
samples than in Western populations.®* Taken together, these considerations underscore the need for caution in extending
the present findings beyond the current sample and highlight the importance of testing the proposed pathways across
diverse demographic, occupational, cultural, and socioeconomic contexts in future research.

Conclusion

By integrating emotion regulation, meaning-making, and stress appraisal into a unified framework, the present study
clarifies how cognitive reappraisal may be linked to sleep health in working adults. Consistent with the proposed model,
cognitive reappraisal was associated with greater experiences of meaningful work, which in turn were associated with
lower perceived stress and, subsequently, better sleep quality. Together, these findings delineate a theoretically grounded,
sequential pathway through which emotion regulation may be relevant to sleep health, via its association with work-
related meaning and stress processes. Beyond advancing theoretical understanding of the psychosocial mechanisms
linking emotion regulation to sleep, these results suggest potential implications for supporting sleep well-being in
occupational contexts in which stress-related sleep difficulties are common. At the same time, the cross-sectional design,
the reliance on self-reported measures, and the sample characteristics—composed primarily of midlife, predominantly
White US workers—Iimit causal inference and generalizability to younger, more diverse, or non-Western populations.
Future longitudinal and experimental research is therefore needed to clarify temporal ordering and to examine whether
these associations replicate across diverse populations, cultural contexts, and occupational settings.
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