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Background: Perceived stress and vulnerability to develop insomnia are closely linked, with negative mood affect playing a key role.
Shift workers, particularly student pharmacists juggling academic demands and irregular work schedules, are at heightened risk for
stress-related sleep disturbances. While previous studies have explored their direct relationships, limited evidence exists on the dual
role of negative mood affect as both a mediator and a non-mediator in these pathways. This study investigates the mediating role of
negative mood affect in the relationship between perceived stress and vulnerability to develop insomnia and assesses whether negative
mood affect mediates the reverse relationship.

Methods: A cross-sectional study was conducted on 86 student pharmacist shift workers at Notre Dame of Maryland University.
Participants completed validated self-report measures, including the Perceived Stress Scale (PSS), the Ford Insomnia Response to
Stress Test (FIRST), and the Positive and Negative Affect Schedule (PANAS). Mediation analysis using Hayes’ PROCESS macro
(Model 4) examined the mediating role of negative mood affect in both pathways. Bias-corrected bootstrapping with 5000 iterations
calculated confidence intervals for indirect effects, with significance set at p < 0.05.

Results: Negative mood affect partially mediated the relationship between perceived stress and vulnerability to develop insomnia.
Higher stress levels were associated with increased negative mood affect (b = 0.49, SE = 0.05, p < 0.01), which, in turn, was linked to
greater insomnia vulnerability (b = 0.39, SE = 0.04, p < 0.01). The indirect effect was significant (b = 0.19, 95% CI [0.06, 0.33]). In
contrast, negative mood affect did not mediate the reverse pathway (p = 0.15).

Conclusion: Negative mood affect significantly mediates the relationship between perceived stress and insomnia vulnerability but not
the reverse pathway. Interventions targeting emotional regulation may help reduce stress-related sleep disturbances. Longitudinal
studies are needed to confirm these findings and refine interventions.

Plain Language Summary: Student pharmacists who work irregular shifts often experience high levels of stress and disrupted sleep,
which can negatively impact their health, academic performance, and overall well-being. This study explored how negative mood, including
feelings of anxiety, irritability, and sadness, might explain the connection between perceived stress and vulnerability to insomnia.

The findings revealed that higher stress levels were linked to increased negative mood, which in turn heightened vulnerability to
insomnia. However, when examining the reverse pathway, whether insomnia influences stress through negative mood, the results
showed no significant effect. This suggests that while negative mood plays a key role in how stress contributes to sleep problems, it
does not explain how poor sleep might increase stress.

These results highlight the importance of emotional regulation strategies, such as mindfulness or counseling, in managing stress and
improving sleep health among student pharmacists. Addressing negative mood could break the cycle between stress and sleep disturbances.
Future research should investigate these relationships over time and consider other factors, like coping mechanisms or cognitive arousal, to
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provide a more comprehensive understanding. Meanwhile, academic institutions and healthcare organizations can use these insights to
create wellness programs that support both mental health and sleep quality for student pharmacists working demanding shifts.

Keywords: sleep disturbances, emotional regulation, psychological stress, mood-sleep connection
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Introduction

Perceived stress and vulnerability to develop insomnia are prevalent challenges among student pharmacist shift workers,
who often juggle demanding academic schedules with irregular work hours.' Shift workers face heightened vulner-
ability to insomnia through multiple pathophysiological mechanisms.* The misalignment of circadian rhythms from
irregular work schedules disrupts the body’s natural sleep-wake cycle, leading to melatonin suppression and sustained
physiological hyperarousal.'* This biological disruption is particularly severe in healthcare settings, where shift work
disorder affects up to 41% of professionals, manifesting as chronic insomnia symptoms and excessive daytime
sleepiness.* The resulting sleep fragmentation triggers a cascade of neurobehavioral consequences, including impaired
executive function, emotional dysregulation, and increased stress reactivity.” Student pharmacists represent an especially
vulnerable population, as their developing professional skills and academic demands compound these physiological
challenges, creating a perfect storm for sleep disruption.”> These issues are interconnected, with evidence suggesting that
negative mood affect may play a pivotal role in their dynamic relationship.®” While the direct associations between
stress, negative mood affect, and vulnerability to develop insomnia have been extensively studied, the nuanced role of
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negative mood affect as a mediator remains less understood.® Specifically, it is unclear whether negative mood affect
consistently acts as an intermediary factor in the vulnerability to develop insomnia pathway or whether it also mediates
the reverse relationship between vulnerability to develop insomnia and perceived stress.

Previous research highlights the importance of negative mood affect regulation in mitigating stress’ and promoting
sleep health.” Negative mood affect states, such as anxiety and irritability, can amplify stress perceptions and increase the
vulnerability to developing insomnia, creating a vicious cycle.'” Student pharmacist shift workers represent a distinct
population experiencing multiple stressors from both academic and professional domains. Working 12-hour shift
rotations while maintaining full-time academic schedules, these individuals must balance the rigorous demands of
pharmacy education with the challenges of irregular work hours. Many work as pharmacy technicians to gain practical
experience and financial support, creating a unique environment for studying the impact of combined occupational and
academic stress on sleep health. This population’s susceptibility to circadian rhythm disruption and high stress levels
makes them particularly relevant for understanding the mechanisms linking perceived stress to insomnia vulnerability.>
Emerging evidence suggests a bidirectional relationship between stress and vulnerability to developing insomnia,
particularly in healthcare workers exposed to irregular shifts and heightened job demands.>’ Stress predicts vulnerability
to developing insomnia and poor sleep quality also exacerbates stress responses, creating a self-reinforcing cycle.
Understanding this dynamic is critical, especially in populations like student pharmacists who experience chronic stress
and disrupted sleep patterns. Moreover, the role of negative mood affect in these pathways requires further investigation,
particularly in determining whether it acts as a mediator in one direction but not the other (bidirectional relationship).
This is especially relevant among populations prone to high levels of stress and vulnerability to developing insomnia,
such as student pharmacists.>”

The relationship between stress, negative mood affect, and insomnia can be understood through several theoretical
frameworks, including the Transactional Model of Stress and Coping,'' Emotion Regulation Theory,'® and the Cognitive

Hyperarousal Model.'?

These frameworks collectively emphasize how emotional dysregulation, cognitive rumination,
and physiological arousal mediate stress-induced vulnerability to developing insomnia, providing a foundation for
examining these pathways bidirectionally.'®'? These frameworks provide a rationale for examining mood as both a
mediator and a moderator in stress-sleep pathways.

This study aims to address this gap by examining the mediating role of negative mood affect in the relationship
between perceived stress and vulnerability to develop insomnia and assessing whether negative mood affect similarly
mediates the reverse pathway between vulnerability to develop insomnia and perceived stress. Using validated self-report
measures and mediation analysis, we explore these pathways among a cohort of student pharmacist shift workers. We
hypothesize that negative mood affect significantly mediates and moderates the relationship between perceived stress and
vulnerability to develop insomnia, with higher stress levels exacerbating vulnerability to develop insomnia through its
impact on negative mood affect. Findings from this study could inform targeted interventions aimed at improving
emotional regulation and sleep health in this vulnerable population.

Methodology

Participants and Procedure

The study was conducted among student pharmacist shift workers at Notre Dame of Maryland University between June
2023 and May 2024. Full-time student pharmacists who had worked at least one shift (>8 nighttime hours or rotating
schedule) in the past 30 days were eligible. This 30-day criterion is based on evidence that shift work effects can persist
for 4-6 weeks post-exposure.* Participants were categorized into two groups: active shift workers (currently working
shifts at the time of data collection, n=45) and recent shift workers (not currently working shifts but with shift work
exposure within the past 30 days, n=40). All participants worked as pharmacy technicians during rotations, managing
both academic and professional responsibilities. Participants were required to be 18 years or older, fluent in English, and
to have at least one month of shift work history before participation. Individuals with visual or hearing impairments or
self-reported psychiatric illnesses were excluded to ensure the reliability of the data.
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Table | Participants’ Characteristics

Characteristics Mean % SD / Frequency (%)
Age (years) 31.92+ 8.09
Gender Male: 50 (58.8%)

Female: 35 (41.2%)

Marital Status Single: 61 (71.8%)
Married: 24 (28.2%)

Children Yes: 56 (65.9%)
No: 29 (34.1%)

BMI Category Underweight: 6 (7.1%)
Normal weight: 45 (52.9%)
Overweight: 24 (28.2%)
Obese: 10 (11.8%)

Shift Work Status Non-Shift Workers: 40 (47.1%)
Shift Workers: 45 (52.9%)

Employment Employed: 41 (48.2%)
Self-Employed: |1 (12.9%)
Student: 33 (38.8%)

PANAS Scores Positive Affect: 31.93 + 9.63
Negative Affect: 24.12 + 7.47

PSS (Perceived Stress Score) 18.38 + 6.94

FIRST (Insomnia Test Score) 19.85 + 6.38

Abbreviation: SD, standard deviation.

Eighty-five participants (mean age: 31.9 = 8.1 years; Table 1) completed the study. Informed consent was obtained,
and Institutional Review Board (IRB) approval was secured. Participation was voluntary, with no incentives provided.

Measures

Stress was measured using the Perceived Stress Scale (PSS), a 10-item Likert scale with scores ranging from 0 to 40,
where higher scores indicate greater perceived stress.'® The Ford Insomnia Response to Stress Test (FIRST), a 9-item
scale, assessed vulnerability to stress-induced insomnia, with scores ranging from 9 to 36.'* Negative mood affect was
evaluated using the Positive and Negative Affect Schedule (PANAS), which provides separate scores for positive and
negative affect.'> The PANAS scale was selected for its well-established psychometric properties and ability to capture
both positive and negative affect states. Negative affect, characterized by anxiety, irritability, and sadness, is particularly
relevant in stress-sleep interactions as it reflects heightened emotional reactivity to stressors, which can disrupt sleep
continuity.'®'> All instruments demonstrated strong psychometric properties, with reliability coefficients ranging from
0.80 to 0.90 in prior studies.

While our study did not directly assess clinical insomnia diagnoses, we collected information on participants’ existing
health conditions, including psychiatric illnesses (PTSD, anxiety, depression, schizophrenia), hypertension, diabetes,
ischemic heart disease, chronic kidney disease, bronchial asthma, and others. Because psychiatric disorders are well-
documented risk factors for sleep disturbances,'® future studies should integrate validated insomnia symptom measures—

such as the Insomnia Severity Index (ISI)—to better assess how these conditions influence insomnia vulnerability.
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Statistical Analysis

Mediation analysis was conducted using Hayes” PROCESS macro (Model 4) in SPSS 28.0 to examine whether negative
mood affect mediated the relationship between perceived stress (PSS) and vulnerability to insomnia (FIRST). The reverse
mediation pathway (insomnia vulnerability To stress) was also assessed. Bootstrapping with 5000 iterations was used to
compute confidence intervals for indirect effects (p < 0.05). To ensure reproducibility, a random seed number (10000)
was applied during the bootstrapping procedure in the mediation analysis. To improve interpretability, continuous
variables (PSS, PANAS-Negative, and FIRST) were standardized using z-scores. Prior to analysis, normality
(Shapiro—Wilk test), homoscedasticity (Breusch-Pagan test), and multicollinearity (VIF < 5) were assessed to ensure
statistical validity. Prior to mediation analysis, key statistical assumptions were tested.

1718 e standardized continuous variables

Referring to previous population studies exploring sleep-related outcomes,
(PSS, PANAS-Negative, and FIRST) using z-scores to enhance interpretability. Following established methodological
frameworks in shift work research,® we adjusted for key confounders known to influence sleep vulnerability: age (given
its association with circadian adaptation), gender (due to documented differences in stress perception and sleep patterns),
and shift duration (to account for varying degrees of circadian disruption). These adjustments were consistently applied
across all analytical models to ensure robust control of potential confounding effects. Interaction terms in regression
models were used to examine whether negative mood affect moderated the relationship between stress and vulnerability
to develop insomnia. Results were visualized using interaction plots to illustrate the moderating role of negative mood

affect on the stress-insomnia relationship, while model fit and effect sizes were also reported.

Results

Assumption Testing

Assumption testing confirmed that the residuals were normally distributed (Shapiro—Wilk, p = 0.052), homoscedasticity
was satisfied (Breusch-Pagan, p = 0.433), and no multicollinearity issues were detected (VIF: Stress = 1.001, Mood =
1.001), ensuring the validity of the mediation analysis.

Associations Between Negative Mood Affect, Stress, and Insomnia: Key Findings From

Correlation and Effect Size Analyses

The zero-order correlation matrix revealed significant associations between PANAS Negative Affect and both Perceived
Stress (PSS) (r = —0.162, p < 0.05; Table 2) and vulnerability to Insomnia (FIRST) (r = —0.174, p < 0.05; Table 2),
suggesting that higher negative mood was linked to increased stress and insomnia vulnerability. Partial correlations,
controlling for gender, largely confirmed these findings, with PANAS Negative Affect maintaining its association with
FIRST (r = —0.200, p < 0.05; Table 3). Gender was chosen as a control variable based on both theoretical and empirical
justification, as prior research highlights significant gender-based differences in perceived stress, emotional affect, and
vulnerability to developing insomnia. Preliminary analyses indicated that gender had a notable influence on these

Table 2 Zero-Order Correlation Matrix

Age PANAS_Positive | PANAS_Negative PSS FIRST
Age | 0.04 0.217 0.007 0.05
PANAS_Positive 0.04 | 0.028 0.002 | —0.089
PANAS_Negative | 0.217 0.028 I | —0.162 | —0.174
PSS 0.007 0.002 —0.162 [ 0.002
FIRST 0.05 —0.089 —0.174 0.002 |

Note: FIRST- Insomnia Vulnerability.

Abbreviations: PANAS Positive, Positive Affect PANAS; PANAS Negative, Negative Affect PANAS; PSS,

Perceived Stress Scale.
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Table 3 Partial Correlations (Controlling for Gender)

Age PANAS_Positive | PANAS_Negative PSS FIRST
Age | 0.056 0.187 0.022 0.04
PANAS_Positive | 0.056 | 0.058 | —0.008 | —0.082
PANAS_Negative | 0.187 0.058 I | —0.142 -0.2
PSS 0.022 —0.008 —0.142 | 0.009
FIRST 0.04 —0.082 -0.2 0.009 |

Table 4 Distribution Characteristics (Skewness, Kurtosis)

Variable Mean | SD | Skewness | Kurtosis
Age 31.92 | 8.09 —0.148 -0.296
PANAS_Positive 31.93 | 9.63 0.259 —-0.201
PANAS_Negative | 24.12 | 7.47 0.62 I.112
PSS 18.38 | 6.94 —0.366 0.939
FIRST 19.85 | 6.38 0.163 —0.434

Abbreviation: SD, standard deviation.

Table 5 Effect Sizes With Confidence Intervals

Variable Pair Effect Size (r) 95% ClI

PSS < FIRST 0.002 [-0.21, 0.22]
PANAS_Negative <> FIRST —0.174 [-0.39, 0.04]
PANAS_Positive <> FIRST —0.089 [-0.31, 0.13]

Note: r- Effect sizes.
Abbreviation: Cl, Confidence intervals.

relationships, while other covariates (eg, age, shift duration) showed minimal effects. This approach ensures model
parsimony while accounting for the most relevant confounding variable. Distribution characteristics showed that while
most variables followed a near-normal distribution, PANAS Negative mood affect demonstrated moderate positive
skewness (skewness = 0.62) and kurtosis (kurtosis = 1.11), indicating slight asymmetry and peakedness (Table 4).
Finally, effect sizes highlighted a weak negative relationship between PANAS Negative Affect and vulnerability to
Insomnia (FIRST) (r = —0.17, 95% CI [—0.39, 0.04]) (Table 5). Collectively, these findings underscore the modest but
notable role of negative mood affect in the relationships between stress and insomnia vulnerability.

Negative Mood Affect as a Mediator in the Effect of Perceived Stress on Vulnerability
to Develop Insomnia (Forward Mediation Pathway: Stress — Negative Mood Affect —

Insomnia)

To further understand these associations, mediation analysis was conducted to determine whether negative mood affect
acts as a bridge between perceived stress and insomnia vulnerability. The results of the mediation analysis to assess the
effect of stress on vulnerability to develop insomnia through negative mood affect (PANAS) are shown in Figure 1. The
overall model explained 33.36% of the variance in vulnerability to develop insomnia (R* = 0.3336, F[2,97] = 24.28,
p < 0.001).
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Model with negative mood affect (PANAS) as a mediator in the effect of perceived stress on vulnerability to develop insomnia.

Negative Mood
(PANAS)

Perceived Stress Vulnerability to

(PSS-10) b= 021 (SE - 0.03), = 0.22 " Develop Insomnia (FIRST)

R?2=0.334

Indirect Effect b= 0.19
95% Cl = [0.06, 0.33], (p < 0.05)

bio

RENDER

Figure | FIRST values are the unstandardized coefficients, and second values within brackets are the standard errors; p<0.0l. The indirect effect of perceived stress on
vulnerability to develop insomnia through negative mood affect was significant (95% CI1=[0.06,0.33]). Solid line: significant path. Created in BioRender. Salahuddin, (M) (2025)
https://BioRender.com/c970425.

Stress (PSS Total) was a significant positive predictor of negative mood affect (b = 0.49, SE = 0.05, p < 0.001, 95%
CI [0.25, 0.73], indicating that individuals with higher stress levels experienced elevated negative mood affect. Negative
mood affect was also a significant positive predictor of vulnerability to develop insomnia (b = 0.39, SE = 0.04, p < 0.001,
95% CI[0.22, 0.56]), suggesting that individuals with higher negative mood affect levels were more likely to suffer from
increased vulnerability to develop insomnia.

The direct effect of perceived stress on vulnerability to develop insomnia remained significant after controlling for
negative mood affect (b = 0.21, SE = 0.03, p = 0.039, 95% CI [0.01, 0.42]). The indirect effect of perceived stress on
vulnerability to develop insomnia through negative mood affect was statistically significant (b=0.19), with a 95%
confidence interval of [0.06, 0.33]. These findings suggest that negative mood affect partially mediates the effect of
perceived stress on vulnerability to develop insomnia.

The total, direct, and indirect effects for both mediation models are summarized in Supplementary Table 1. The table

provides detailed statistical coefficients, standard errors, and confidence intervals for each effect, offering clarity on the

strength and significance of each pathway.
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Model with negative mood affect (PANAS) as not a mediator in the effect of vulnerability to develop insomnia on perceived stress.
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Figure 2 First values are the unstandardized coefficients, and second values within brackets are the standard errors; p<0.0l. The indirect effect of vulnerability to develop
insomnia on stress through negative mood affect was non-significant (95% CI=[—0.01,0.32]). Additionally, negative mood affect was not a significant predictor of stress
(p=0.15). Solid line: significant path, Dashed line: non-significant path. Created in BioRender. Salahuddin, (M) (2025) https://BioRender.com/i91x853.

Negative Mood Affect Was Not a Mediator in the Effect of Vulnerability to Develop
Insomnia on Perceived Stress (Reverse Mediation Pathway: Insomnia — Negative
Mood Affect — Stress)

Next, a reverse mediation analysis was performed to examine whether negative mood affect mediates the pathway from
insomnia vulnerability to perceived stress. The results of the mediation analysis to assess the effect of vulnerability to
develop insomnia on perceived stress through negative mood affect (PANAS) are shown in Figure 2. The overall model
explained 38.46% of the variance in stress (R?=0.3846, F[2,97]=30.45, p<0.001).

Vulnerability to develop insomnia (FIRST Total) was a significant positive predictor of negative mood affect (b=0.64,
SE=0.06, p<0.01, 95% CI [0.43, 0.85]), indicating that individuals with higher vulnerability to develop insomnia levels
experienced elevated negative mood affect. However, negative mood affect was not a significant predictor of stress
(b=0.23, SE=0.05, p=0.15). The direct effect of vulnerability to develop insomnia on perceived stress was significant
(b=0.24, SE=0.04, p<0.05).

The indirect effect of vulnerability to develop insomnia on perceived stress through negative mood affect was not
statistically significant (b=0.14), with a 95% confidence interval of [-0.01,0.32]. These findings suggest that negative
mood affect does not mediate the relationship between vulnerability to develop insomnia and perceived stress.

Discussion
This study explored the intricate relationships among perceived stress, negative mood affect, and vulnerability to develop
insomnia in student pharmacist shift workers, providing novel insights into the psychosocial challenges faced by this
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population. The findings revealed that negative mood affect partially mediates the effect of perceived stress on
vulnerability to develop insomnia, emphasizing its role as a psychological mechanism in this pathway. Specifically,
higher stress levels predicted elevated negative mood affect, which, in turn, was associated with greater vulnerability to
develop insomnia severity. These results align with existing research highlighting the critical role of emotional regulation
in the interplay between stress and vulnerability to developing insomnia.>'%!?

While our mediation analysis revealed a statistically significant effect (b = 0.19), the modest effect size warrants
careful interpretation. This finding suggests that negative mood affect, though important, explains only a small portion of
the variance in the stress-insomnia vulnerability pathway. Rather than diminishing its clinical relevance, this modest
effect size underscores the complex, multifactorial nature of stress-related sleep disturbances. Specifically, emotional
dysregulation likely represents just one of several concurrent mechanisms linking stress to insomnia vulnerability. Our
findings suggest that interventions targeting emotional regulation alone may yield limited benefits. Instead, comprehen-
sive interventions integrating multiple evidence-based strategies—such as CBT-I, mindfulness-based stress reduction,
and sleep hygiene education—may yield greater benefits than emotional regulation alone. This multi-modal approach
acknowledges both the statistical significance and practical limitations of our findings.

Our findings provide novel insights into the mechanisms linking perceived stress to insomnia vulnerability among
student pharmacist shift workers. The partial mediation by negative mood affect aligns with the Transactional Model of
Stress and Coping,'' suggesting that emotional responses play a crucial but not exclusive role in stress-related sleep
disturbances. The significant direct effect indicates additional pathways, possibly involving cognitive hyperarousal'? or
inflammatory processes,?’ that warrant further investigation. The absence of reverse mediation supports the Cognitive
Hyperarousal Model’s emphasis on persistent thought patterns rather than emotional states in maintaining stress-insomnia
relationships.'? This finding suggests that interventions targeting cognitive processes may be particularly important for
breaking the cycle between sleep disruption and stress. These results have important implications for developing targeted
interventions. While emotional regulation strategies may help mitigate the impact of stress on sleep vulnerability,
comprehensive approaches addressing both emotional and cognitive factors are likely needed. Future research should
explore the role of inflammatory markers as potential biological mediators and examine how individual differences in
stress reactivity influence these relationships. Negative affect, characterized by emotions such as fear, anxiety, and
distress, exacerbated the impact of perceived stress on vulnerability to develop insomnia. This is consistent with theories
suggesting that stress-induced emotional arousal disrupts sleep continuity by increasing physiological and psychological
reactivity.”'*? In contrast, interventions targeting emotional regulation, such as mindfulness-based stress reduction
(MBSR) or cognitive-behavioral therapy (CBT), could help address these emotional disturbances and reduce the
vulnerability to developing insomnia among shift workers.”’

Interestingly, the results also showed that negative mood affect did not mediate the reverse pathway, where
vulnerability to develop insomnia influences perceived stress. Although vulnerability to develop insomnia significantly
predicted negative mood affect, negative mood affect was not a significant predictor of stress, and the indirect effect of
vulnerability to develop insomnia on stress through negative mood affect was non-significant. An intriguing finding of
this study is that negative mood affect did not mediate the reverse pathway. While previous research suggests a
bidirectional relationship between stress and sleep disturbances,”* the mechanisms underlying this pathway remain
unclear. One possible explanation for this finding is that cognitive hyperarousal and rumination, rather than negative
mood affect, serve as stronger mediators in this reverse pathway.'*?>° This aligns with the Cognitive Hyperarousal
Model,”” which emphasizes how persistent cognitive arousal contributes to sleep disturbances. Individuals prone to
rumination may experience prolonged stress-related thought patterns that sustain physiological hyperarousal, reinforcing
the stress-insomnia cycle.”>° The lack of mediation by negative mood affect in the reverse pathway suggests that
cognitive factors (eg, rumination, worry) may be more dominant than emotional dysregulation in this direction of
influence. Moreover, individuals experiencing poor sleep may engage in maladaptive thought patterns, such as worry and
preoccupation with sleep loss, which could contribute to stress independently of mood disturbances.”® Additionally, the
effects of insomnia vulnerability on stress may manifest over a longer timeframe, suggesting that longitudinal research is
needed to capture potential delayed effects. These findings also align with the Transactional Model of Stress and
Coping,'" which suggests that individuals experience stress appraisals based on their perceived coping resources. In
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this context, insomnia vulnerability may increase perceived stress through cognitive rather than emotional pathways.
Future studies should explore alternative mediators, such as cognitive arousal, physiological stress responses, and
resilience factors, to further elucidate the complex bidirectional relationship between stress and insomnia.

The absence of a significant mediation effect in the reverse pathway suggests that additional mechanisms beyond
emotional dysregulation warrant further exploration. Cognitive hyperarousal, characterized by racing thoughts and
inability to disengage from stress-related cognitions, may serve as a more potent mediator.'*?” Sleep reactivity—an
individual’s predisposition to stress-induced sleep disturbances—has emerged as a stronger predictor of insomnia
vulnerability compared to mood-related measures alone.?' Individual differences in stress resilience and emotion
regulation capacity likely moderate these relationships. For instance, trait resilience buffers against stress-induced
sleep disruption,> while neuroticism amplifies vulnerability to both stress and sleep disturbances. These findings point
to a more nuanced model in which personality traits and cognitive processes interact with emotional states to shape sleep
outcomes.

An additional biological mechanism linking stress to insomnia vulnerability involves inflammatory processes.
Chronic psychological stress activates the hypothalamic-pituitary-adrenal (HPA) axis and sympathetic nervous system,
triggering an inflammatory cascade that elevates key markers including C-reactive protein, interleukin-6, and tumor
necrosis factor-alpha.>® These inflammatory mediators disrupt sleep architecture through multiple pathways: directly
impairing sleep-wake regulation in the hypothalamus, altering circadian gene expression, and disrupting neurotransmitter
systems critical for sleep initiation and maintenance.*® Recent evidence suggests a complex ‘stress-inflammation-sleep’
pathway where inflammatory markers serve as biological mediators between perceived stress and sleep disruption.*”
Specifically, stress-induced inflammation may dysregulate serotonin and dopamine metabolism, exacerbating negative
mood; impair hypothalamic sleep centers, increasing vulnerability to insomnia; and amplify sympathetic activation,

maintaining a state of physiological hyperarousal.*

This inflammatory mechanism may be particularly relevant in shift
workers, where circadian disruption can enhance inflammatory responses to psychological stress.’

From an occupational health perspective, the findings of this study emphasize the importance of addressing negative
mood affect dysregulation in efforts to manage stress and improve sleep outcomes in shift workers. The differential
mediation patterns observed align with theoretical models suggesting distinct forward and reverse pathway mechanisms.
The observed mediation patterns align with theoretical frameworks, such as the Stress-Arousal Model®® and the
Cognitive Model of Insomnia,”’ which highlight emotional arousal and cognitive hyperarousal as key mechanisms
linking stress and sleep disturbances. These findings support the role of emotional regulation in addressing stress-induced
vulnerability to insomnia among healthcare workers. Similar to our results, these studies emphasize the exacerbating role
of emotional dysregulation in stress-induced vulnerability to developing insomnia. Programs that foster emotional
resilience, such as promoting positive affect through gratitude journaling, physical exercise, or workplace wellness
initiatives, may mitigate the adverse effects of stress on vulnerability to develop insomnia.>*=*'*? Additionally, recogniz-
ing the role of negative affect in exacerbating vulnerability to insomnia underscores the value of integrating psycholo-
gical interventions into occupational health frameworks.**>?

The partial mediation observed in the forward pathway underscores the substantial but not exhaustive role of negative
mood affect in translating stress into insomnia vulnerability. While significant, the remaining direct effect (b = 0.21, p <
0.01) suggests additional unexplored pathways, possibly involving cognitive factors such as hyperarousal or maladaptive
coping strategies. The non-significant indirect effect in the reverse pathway suggests that negative mood affect may not
act as a primary mechanism linking to stress-induced vulnerability to developing insomnia. Instead, alternative mechan-
isms, such as cognitive hyperarousal or persistent rumination, may play a larger role.”>*® Our findings emphasize the
importance of targeting emotional regulation in interventions designed to reduce stress-related insomnia vulnerability,
while also highlighting the need for further investigation into alternative reverse pathways.

Although our study measured insomnia vulnerability using FIRST, we did not directly assess clinical insomnia
symptoms or formal diagnoses. However, many participants had psychiatric conditions such as PTSD, anxiety, and
depression, well-established contributors to sleep disturbances.'® Future research should incorporate standardized
insomnia symptom measures and examine the role of psychiatric comorbidities in mediating the relationship between
stress, mood, and insomnia vulnerability.
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Additionally, while our study focused on psychosocial pathways, future research should explore biological mechan-
isms, particularly the role of inflammatory processes in linking stress and sleep disturbances. Given that chronic stress
triggers neuroimmune dysregulation, investigating inflammatory markers such as CRP, IL-6, and TNF-a could provide
valuable insights into the underlying physiological mechanisms contributing to stress-related insomnia.>° Incorporating
biomarker assessments into mediation models could help clarify whether inflammatory responses mediate or moderate
the impact of perceived stress and negative mood on sleep vulnerability. These findings would be particularly relevant for
developing targeted interventions that address both psychological and physiological contributors to sleep disturbances in
shift workers.

Limitations and Future Directions

Although all participants had recent shift exposure, 47.1% (n=40) were not actively working shifts at the time of data
collection. While we adjusted for days since their last shift, unmeasured factors (eg, stress recovery time, sleep timing)
may still contribute to residual confounding. Future research should stratify analyses by active vs recent shift status and
incorporate real-time work schedule tracking to better differentiate acute from chronic effects of shift work. Several
methodological limitations warrant consideration when interpreting our findings. First, the cross-sectional design
precludes establishing causal relationships between perceived stress, negative mood affect, and insomnia vulnerability.
While our mediation analyses suggest potential pathways, longitudinal studies are needed to confirm temporal ordering
and directional effects. Second, our reliance on self-reported measures introduces potential common method bias and
recall inaccuracies. The absence of objective sleep measurements and clinical insomnia assessments limits our ability to
validate subjective reports. Future studies should incorporate actigraphy, polysomnography, and standardized diagnostic
interviews using validated insomnia symptom scale (insomnia severity index). This would allow for a clearer distinction
between stress-induced insomnia vulnerability and pre-existing insomnia symptoms, providing deeper insight into the
stress-mood-sleep relationship. Third, our sample characteristics constrain generalizability. The relatively small sample
size (n=86) from a single institution may not adequately represent the broader population of healthcare shift workers. The
specific focus on student pharmacists, while valuable for understanding this population, limits extrapolation to other shift
work contexts. Future research should include multi-institutional studies with larger and more diverse healthcare worker
samples to improve external validity and generalizability. Additionally, varying shift work status among participants at
the time of data collection introduces potential confounding factors that could influence the observed relationships. The
mediation analysis was conducted without additional covariates to focus on the primary relationships among perceived
stress, negative mood affect, and vulnerability to developing insomnia. Another limitation is that while gender was
included as a covariate in our analysis, other potential confounders, such as age and shift duration, were not accounted
for. Age-related differences in stress resilience and variations in shift duration may influence sleep vulnerability and
should be considered in future models. Adjusting for these additional covariates in future studies will improve the
accuracy and generalizability of findings.

The findings highlight the importance of integrating targeted emotional regulation interventions into student wellness
programs, occupational health initiatives, and academic support services. Interventions such as Mindfulness-Based Stress
Reduction (MBSR), Cognitive-Behavioral Therapy for Insomnia (CBT-I), and structured resilience workshops can help
mitigate the impact of stress and negative mood affect on sleep disturbances. Universities and healthcare institutions
should prioritize implementing these strategies to support shift workers in managing stress and improving sleep health.

Conclusion

In conclusion, this study highlights negative mood affect as a significant mediator in the perceived stress-vulnerability to
develop insomnia pathway but not in the vulnerability to develop insomnia-perceived stress pathway. These findings
suggest that emotional regulation may play a role in moderating stress-related insomnia vulnerability in student
pharmacist shift workers. While this study does not test the effectiveness of specific interventions, our findings suggest
that emotional regulation may influence stress-related insomnia vulnerability. However, given the study’s cross-sectional
design and sample limitations, future research is needed to establish causal relationships and intervention effectiveness.
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Strategies aimed at improving emotional regulation—such as mindfulness or cognitive-behavioral approaches—may
warrant further investigation for their potential role in managing stress-related sleep disturbances in this population.
Understanding the role of negative mood affect in stress-induced insomnia vulnerability can help inform future research
and intervention development. Given the complex interplay of stress, mood, and sleep vulnerability, future research
should examine other potential mediating factors—such as cognitive hyperarousal and coping strategies—to better
understand effective approaches for improving sleep health among shift workers.
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