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Background: Law enforcement personnel face diverse occupational stressors, including shift work, organizational pressure, opera-
tional demands, and traumatic incidents. Previous systematic reviews have primarily focused on prevalence estimates of sleep
disturbances, whereas the strength of the association with occupational stress and the relative contribution of distinct stressor domains
remain to be systematically quantified.

Methods: This systematic review and meta-analysis followed PRISMA 2020 guidelines and was registered with PROSPERO
(CRD420261284369). Four databases (PubMed, Cochrane Library, Web of Science, and SpringerLink) were searched from inception
to January 2026. Observational studies using validated instruments to assess occupational stress and sleep outcomes were included.
A random-effects model was used to pool odds ratios (ORs). Subgroup analyses distinguished three stressor domains: shift work, work
and organizational stress, and dual stress exposure.

Results: Seventeen studies were included in the qualitative synthesis, of which ten (N = 5124) provided data for meta-analysis.
Occupational stress was significantly associated with sleep disorders (pooled OR = 3.51, 95% CI: 2.54-4.84), with moderate to
substantial heterogeneity (I = 69%). Subgroup analyses showed that shift work (OR = 3.02), work and organizational stress (OR =
5.94), and dual stress exposure (OR = 3.66) were each associated with elevated sleep risk, with no significant subgroup difference (P =
0.19). The dual stress exposure subgroup exhibited high heterogeneity (I> = 87%), possibly attributable to differences in measurement
tools, study populations, and confounder adjustment.

Conclusion: This study provides a quantitative estimate of the association between occupational stress and sleep disorders in law
enforcement personnel. Differentiating occupational stress into distinct stressor domains may help clarify its relationship with sleep,
with different stressors potentially operating through distinct pathways (eg, circadian disruption, cognitive rumination, hyperarousal).
Methodologically, the study highlights issues in measurement standardization and confounder adjustment. From an intervention
perspective, organizational-level strategies—such as enhancing decision-making autonomy and supportive leadership—may warrant
further exploration alongside individual-level approaches. Safeguarding sleep health in this population is important for both individual
well-being and public safety.
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Introduction
Occupational stress is a pervasive determinant of psychological and physical morbidity in contemporary work settings,
and law enforcement officers represent a particularly high-risk occupational group.' The role of law enforcement officers
entails a distinctive constellation of demands: officers must sustain high-intensity operational workloads (eg, rotating
shifts, night duty, and prolonged on-call periods) while repeatedly confronting critical and potentially traumatic incidents,
such as exposure to severe injury, death, or violent crime scenes.’ These occupational characteristics make law
enforcement officers uniquely susceptible to the cumulative adverse consequences of work-related stressors.

Sleep is a fundamental homeostatic process that supports physiological recovery, emotional regulation, and cognitive
performance. Growing evidence indicates that occupational stressors are strongly linked to sleep disturbance and that
sleep disorders are more prevalent among law enforcement officers than in the general population. For example, the
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Buffalo Cardio-Metabolic Occupational Police Stress (BCOPS) study reported that officers working night shifts had
significantly poorer sleep quality, as assessed by the Pittsburgh Sleep Quality Index (PSQI), and more than a threefold
higher risk of excessive daytime sleepiness, measured by the Epworth Sleepiness Scale (ESS), compared with day-shift
officers.> Moreover, perceived stress has been consistently associated with poorer sleep outcomes, suggesting a dose—
response pattern in which higher stress levels correspond to a greater likelihood of sleep pathology.

In recent decades, the conceptualization of occupational stress has undergone substantial development, with theore-
tical frameworks becoming increasingly refined. The Job Demands—Resources (JD-R) model* and the Conservation of
Resources (COR) theory” represent two of the most influential perspectives in occupational health psychology, offering
critical insights into the relationship between work-related stress and health outcomes. The JD-R model posits that any
occupation encompasses two fundamental dimensions: job demands and job resources. Job demands—such as workload,
emotional demands, and time pressure—consume individuals’ physical and psychological energy, whereas job resources
—including autonomy, social support, and feedback—help buffer the impact of demands and foster work engagement.
When job demands persistently exceed available resources, stress responses and adverse health outcomes may ensue. The
COR theory further emphasizes that individuals are inherently motivated to acquire, maintain, and protect resources they
value; stress arises from actual or threatened resource loss, and chronic resource depletion constitutes a core mechanism
underlying exhaustion, depression, and physical illness. Collectively, these two theoretical frameworks indicate that
occupational stress is not a unidimensional construct but rather a dynamic process involving the interplay between
multiple job demands and resources, the effects of which depend on the nature of stressors, their duration, and the
availability of coping resources.

In the context of law enforcement, occupational stress exhibits a distinctly multidimensional character that defies
conceptualization as a homogeneous construct. Existing research has identified at least four categories of stressors that
are particularly salient among police officers: organizational stressors (eg, rigid hierarchical structures, administrative
burden, lack of supervisory support, limited promotion opportunities), operational stressors (eg, high-stakes decision-
making, shift duties, exposure to violence), trauma-related stressors (eg, direct exposure to or witnessing of death, severe
injury, violent crimes), and scheduling-related stressors (eg, night shifts, rotating shifts, extended duty hours). Different
stressor domains may influence sleep through distinct psychobiological pathways: scheduling-related stress operates
primarily via circadian disruption that disturbs the sleep—wake cycle; trauma exposure exerts its effects mainly
through hyperarousal and intrusive re-experiencing that interfere with sleep initiation and maintenance; and organiza-
tional stress may contribute to chronic insomnia via cognitive rumination and sustained vigilance. Failure to differentiate
among these stressor domains risks obscuring important mechanistic differences and constrains the development of
targeted interventions. Previous systematic reviews on sleep problems in police officers® have largely focused on
prevalence estimates without systematically distinguishing stressor types or examining whether the strength of associa-
tion with sleep disorders varies across stressor domains. Consequently, the relative contribution of each stressor domain
to sleep disturbances remains poorly quantified, hindering the formulation of mechanism-informed occupational health
strategies and limiting the precision of interventions aimed at specific sources of occupational stress.

To address this gap, a systematic integration and quantitative synthesis of existing data are needed. Meta-analysis can
increase statistical power, reconcile inconsistencies across studies, and provide more precise estimates of association.
Therefore, the present study systematically reviews and meta-analyzes the association between law enforcement work
stressors—including workload and scheduling demands, traumatic exposure,” and perceived stress—and sleep disorders.
Drawing on the Conservation of Resources Theory, which posits that stress arises from actual or threatened resource loss
across multiple domains, we propose that different stressor types may converge on sleep disturbances through distinct
resource depletion pathways. In this meta-analysis, we categorize the included studies into three stressor domains:
(1) shift work, representing primarily circadian disruption and physiological resource depletion; (2) work and organiza-
tional stress, capturing organizational and operational pressures that predominantly deplete psychological and social
resources; and (3) dual stress exposure, encompassing studies that explicitly combined traumatic exposure with occupa-
tional stress, reflecting a compounded resource loss across multiple domains. This categorization allows us to quantify
the association for each domain while acknowledging their conceptual distinctness within a unified theoretical
framework.
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Materials and Methods

Protocol and Registration

This systematic review and meta-analysis was reported in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 statement.® The protocol was prospectively registered in the International
Prospective Register of Systematic Reviews (PROSPERO; registration No. CRD420261284369).

Search Strategy
A comprehensive literature search was conducted in four electronic databases: PubMed, the Cochrane Library, Web of
Science and SpringerLink. Searches were performed from database inception to January 2026. No language restrictions
were applied.

The search strategy combined controlled vocabulary terms (eg, MeSH/Emtree) and free-text keywords covering three
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core domains: (1) the target population (eg, “police”, “policeman”, “law enforcement”, “correctional officer”), (2) work-
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related stressors/exposures (eg, “occupational stress”, “work stress”, “burnout”, “organizational stress”, “operational
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stress”, “trauma exposure”, “shift work”, “night shift”, “rotating shift”), and (3) sleep outcomes (eg, “sleep disorder”,

“sleep disturbance”, “sleep quality”, “insomnia”, “excessive daytime sleepiness”, “obstructive sleep apnea”, “shift work
disorder”). Boolean operators (AND/OR) were used to combine terms. The detailed search strategies for each database

are provided in Supplementary Material 1.

Eligibility Criteria

Population

Adult (>18 years) active-duty law enforcement personnel, including police officers, patrol officers, traffic police, criminal
investigators, SWAT personnel, and correctional/prison officers. For studies with mixed occupational samples, eligibility
was restricted to: (a) studies comprising 100% law enforcement participants; (b) studies in which law enforcement
personnel constituted >50% of the sample; or (c) studies reporting extractable subgroup data specifically for law
enforcement participants.

Exposure

Quantitative assessment of law enforcement work-related stressors, including (i) perceived/organizational/operational
stress assessed using validated scales (eg, Operational Police Stress Questionnaire [PSQ-Op], Perceived Stress Scale
[PSS]); and/or (ii) objective job characteristics reflecting occupational strain (eg, night shift/rotating shift exposure, shift
frequency, on-call duty, or quantified traumatic/critical incident exposure). In addition to validated psychometric
questionnaires, objective exposure measures—particularly shift work—are recognized as well-validated occupational
stressors in their own right. From an occupational health perspective, shift work disrupts circadian rhythms and triggers
a sustained physiological stress response (eg, elevated cortisol and sympathetic activation) that operates independently of
subjective perception.”'® Studies using such objective measures (eg, Charles et al, 2007) were therefore included to
capture a broader spectrum of occupational stress beyond self-report, thereby enhancing the comprehensiveness of our
synthesis.

Comparator
Comparisons between higher versus lower exposure to work stressors (eg, high vs. low perceived stress categories) or,
for scheduling-related exposures, night/rotating shift versus day/fixed shift, as defined in the original studies.

Outcome

Sleep-related outcomes assessed using validated subjective instruments with established thresholds (eg, PSQI > 5, ISI >
15, ESS > 10, Berlin Questionnaire, Athens Insomnia Scale > 6) and/or objective assessments (eg, polysomnography
[PSG], actigraphy). Outcomes could include insomnia, poor sleep quality, excessive daytime sleepiness, obstructive sleep
apnea (OSA), or other clinically relevant sleep disturbances.
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Study Design
Observational studies, including cross-sectional, cohort (prospective or retrospective), and case-control designs.

Exclusion Criteria

Studies were excluded if they: (1) had a total sample size <20; (2) did not focus on occupational/work-related stressors
(eg, exclusively domestic or non-work stress); (3) reported sleep outcomes only qualitatively or without extractable
quantitative data; (4) were non-original publications (reviews, editorials, case reports) or conference abstracts without
full data; or (5) lacked sufficient data for effect size calculation and could not be derived from the reported information.

Study Selection

All records retrieved from the databases were imported into a reference management system, and duplicates were
removed. Two investigators independently screened titles and abstracts, followed by full-text assessment of potentially
eligible articles.

To quantify inter-reviewer agreement, we employed Cohen’s kappa coefficient for statistical evaluation. Specifically,
during the title/abstract screening phase, the kappa value between the two reviewers was 0.74 (95% CI: 0.70-0.78),
indicating a “high level of agreement”. In the full-text screening phase, the kappa value reached 0.76 (95% CI:
0.68-0.88), demonstrating similarly high consistency. During the data extraction phase, the assessment of key variables
(such as sample size information) yielded a kappa of 0.79 (95% CI: 0.75-0.83), further validating the reliability of the
data extraction process. All discrepancies were resolved through consensus discussions or adjudicated by a third
reviewer.

Data Extraction and Effect Size Handling

Two investigators independently extracted data using a standardized form. Extracted variables included: first author,
publication year, country/region, study design, sample size, participant characteristics, exposure definition and measure-
ment tool, sleep outcome definition and measurement instrument, effect estimates, and covariates included in adjusted
models (if available).

The primary effect measure was the odds ratio (OR). When studies reported ORs (crude or adjusted), these were
extracted directly. When ORs were not provided but sufficient raw data were available (eg, 2x2 tables or event counts by
exposure category), unadjusted ORs and 95% confidence intervals (Cls) were calculated. If a study reported only
continuous sleep outcomes (eg, mean PSQI without a dichotomized threshold) and the information was insufficient to
derive an OR, the study was not included in the OR-based quantitative synthesis and was summarized narratively.

For each included study, the primary effect estimate was extracted according to a predefined hierarchical selection
rule to ensure transparency and consistency. When multiple ecligible estimates were available (eg, different stress
measures, different sleep outcomes, or models with varying degrees of covariate adjustment), the following prioritization
was applied: (1) the estimate that most closely aligned with the prespecified exposure—outcome definition; (2) the most
fully adjusted model; (3) for studies reporting multiple stress measures, the estimate based on the most comprehensive
stress construct; (4) for studies reporting multiple sleep outcomes, the estimate for poor sleep quality (PSQI > 5) was
prioritized. In the present meta-analysis, all ten included studies provided only a single eligible effect estimate that met
the prespecified criteria; therefore, no additional selection was required. Nevertheless, to assess the robustness of the
pooled estimate against potential selection bias, sensitivity analyses were conducted as described below.

Risk of Bias Assessment

The methodological quality of the included studies was assessed using the Joanna Briggs Institute (JBI) Critical
Appraisal Checklist for Analytical Cross-Sectional Studies.'’ This instrument comprises eight items that evaluate the
following aspects: (1) clarity of inclusion criteria; (2) description of study participants and setting; (3) measurement of
exposure; (4) measurement of outcomes; (5) use of objective criteria for measurement; (6) identification of confounding
factors; (7) strategies employed to address confounding; and (8) appropriateness of statistical analysis. For each item, the
study was rated as “Yes” (criterion met), “No” (criterion not met), or “Unclear” (insufficient information). A total score
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was calculated for each study based on the number of items meeting the criteria, with higher scores indicating superior
methodological quality. The quality assessment was conducted independently by two reviewers; any discrepancies were
resolved through discussion or consultation with a third reviewer.

Statistical Analysis

Meta-analyses were conducted using Review Manager (RevMan) version 5.4 and Stata version 18.0. Effect estimates
were pooled as ORs with corresponding 95% ClIs. For pooling, ORs were analyzed on the logarithmic scale and
combined using the inverse-variance method.

Statistical heterogeneity was assessed using Cochran’s Q (y%) test and the I statistic. Significant heterogeneity was
defined as a Q-test P value <0.10 and/or I? >50%. Given anticipated clinical and methodological diversity (eg, differences
in occupational settings, stress measures, and outcome definitions), a random-effects model (DerSimonian—Laird
method)'? was used as the primary approach.

Preplanned subgroup analyses were performed to explore potential sources of heterogeneity by categorizing studies
into: (1) Shift work—related stressors, focusing primarily on rotating shifts, night shifts, or shift schedule exposure; (2)
Work and Organizational Stressors, capturing combined organizational and operational stress. (3) Dual stress exposure
stressors, focusing on the combined impact of traumatic exposure and occupational/organizational stress. Between-
subgroup differences were examined using a y°-test for subgroup differences where applicable.

The categorization of studies into three stressor domains was guided by the Conservation of Resources Theory and
the Job Demands—Control Model, with the aim of distinguishing stressor types that may operate through different
resource depletion pathways.

Sensitivity analyses were conducted using a leave-one-out approach to evaluate the robustness of pooled estimates
and identify influential studies. Publication bias was assessed by visual inspection of funnel plots and by Begg’s rank
correlation test'® and Egger’s linear regression test'* (performed when >10 studies were available). A two-tailed P value
<0.05 was considered statistically significant for all analyses except the heterogeneity Q test.

Evidence Assessment

We employed the GRADE (Grading of Recommendations Assessment, Development and Evaluation) framework'> to
assess the quality of evidence for each primary outcome. All included cross-sectional studies were initially assigned
a baseline rating of “low” evidence. Subsequently, we performed downgrading across five domains: risk of bias,
indirectness, inconsistency, imprecision, and publication bias. Given that our analysis primarily relied on self-reported
data and exhibited moderate to substantial heterogeneity, the final GRADE assessment results are presented in Table 1.

Results
Study Selection

The initial systematic search across the four electronic databases yielded a total of 1762 records. After removing
duplicates, 899 unique records remained for title and abstract screening. Of these, 620 were excluded as they did not
meet the inclusion criteria, leaving 279 full-text articles for detailed eligibility assessment. After retrieval, 238 reports
could not be obtained, and the remaining 41 full-text articles were assessed for eligibility. Following a rigorous review,
17 studies were included for qualitative synthesis.»*'®>° Among these, 10 independent studies provided sufficient
quantitative data to be included in the final meta-analysis (Figure 1).

Characteristics of Included Studies

Table 2 summarizes the main characteristics of the included studies. Sample sizes ranged from 20 to 733 participants. The
studies were conducted predominantly in the United States (n = 9), followed by Italy (n = 2), Brazil (n = 2), China (n = 1),
and other countries (n = 3). Most studies adopted a cross-sectional design, and one study used a prospective cohort design.
Work stress was assessed using validated questionnaires and/or job-related indicators (eg, shift schedules or exposure to
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Table | GRADE Assessment of the Evidence Quality

Certainty Assessment

No. of Study Risk of Inconsistency  Indirectness

Studies Design Bias

The Association of Sleep Disorders

Imprecision

Other
Considerations

No. of Patients

[Intervention]

[Control]

Relative (95% CI)

Absolute (95% Cl)

Certainty

Importance

10 Randomised Not Serious® Not serious

trials serious

Serious®

OR 3.51(2.54 to 4.84)

4 fewer per 1000 (from 5 fewer to
3 fewer)

Important

Notes: a. The heterogeneity in this study, as indicated by an I? value of 69%, is considered to be at a relatively high level. b. The exposure and outcome in this study were both self-reported, and the included studies had limited
adjustment for confounding variables. Table | presents the GRADE (Grading of Recommendations, Assessment, Development and Evaluations) assessment of the certainty of evidence for the association between occupational stress and

sleep disorders in law enforcement personnel.
Abbreviations: Cl, confidence interval; OR, odds ratio.
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[ Identification of studies via databases and registers ]
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(/]
o
u‘-; \4
R Reports excluded:
ReBorts assessed for eligibility _ | 1. No valid measure of
(n=41) occupational stress (n = 6)
2. No valid measure of sleep
outcome (n = 5)
3. Study design not observational
(e.g., review, commentary) (n =
4)
— v 4. No extractable data for effect
) size (n = 3)
-] Studies included in qualitative 5. Outcome not congruent with
5 synthesis (n = 17) prespecified definition (n = 2)
% 6. Sample not law enforcement
£ Studies included in quantitative (n=2)
synthesis (meta-analysis) 7. Duplicate publication (n = 2)
(n=10)

Figure | PRISMA 2020 flow diagram of the literature search and study selection process. Records were identified from four databases (PubMed, Cochrane Library, Web of
Science, and SpringerLink). After duplicate removal and screening, |7 studies were included in the qualitative synthesis, of which 10 provided sufficient data for meta-analysis.
Reasons for full-text exclusion are listed.

operational/traumatic events). Overall methodological quality is evaluated with the Joanna Briggs Institute Critical
Appraisal Checklist for Analytical Cross-Sectional Studies (JBI) (Table 3).

Association Between Work Stress and Sleep Disorders

Although 17 studies were included in the qualitative synthesis, 7 were excluded from the meta-analysis (Table 4) because
the effect estimates could not be expressed as odds ratios (ORs) or could not be derived from the reported data (eg,
continuous outcomes without dichotomous thresholds, insufficient extractable data, or reporting only P wvalues).
Therefore, 10 studies were included in the quantitative synthesis.

Significant heterogeneity was observed (x> = 29.15, df = 9, P = 0.0006; I> = 69%). Accordingly, a random-effects
model was used to pool effect estimates. The meta-analysis showed a statistically significant association between higher
work stress and sleep disorders among officers (pooled OR = 3.51, 95% CI: 2.54-4.84; Z = 7.66, P < 0.00001) (Figure 2).
Individual study estimates ranged from OR = 1.86 to OR = 6.69, and all studies indicated an association in the same
direction.

Nature and Science of Sleep 2026:18 heeps: 7



:sdyyy

81:9707 d93|S Jo 2doudIdg pue dunyeN

Table 2 Characteristics of the Included Studies

Author (Year) Type of Study Sample Stress Assessment Tool Stressors Stressor Domain Sleep Quality | JBI
Country Measure Score
Bezerra et al, (2022)I6 Cross-sectional Brazil Number of work stress activities (self- Shift work stress Shift Work MSQ 7/8
studies designed questionnaire)
Birhan et al, (2025)"7 Cross-sectional Ethiopia PSQ-Org, PCL-C, PTSD Checklist Operational stress, Traumatic event exposure Dual Stress PSQI 8/8
studies Exposure
Charles et al, (2007)'® Cross-sectional USA Shift work exposure® Shift work stress Shiftc Work PSQI 8/8
studies
Charles et al, (2011)'° Cross-sectional USA PSS Operational stress, Organizational stress, Shift work, Traumatic Dual Stress PSQI 7/8
studies event exposure, Perceived stress Exposure
Elliott et al, (2016)* Cross-sectional Australia Shift work exposure® Shift work stress Shift Work PSQI, ESS 7/8
studies
Everding et al, (20I6)ZI Cross-sectional USA PSQ-Op, PSQ-Org Operational stress, Organizational stress Work and PSQI 8/8
studies Organizational
Stress
Fekedulegn et al, (2016)° Cross-sectional USA Shift work exposure® Shift work stress Shift Work PSQI 7/8
studies
Garbarino et al, (2002)* | Cross-sectional Italy Shift work exposure® Shift work stress Shift Work ESS 5/8
studies
Garbarino et al, (2019b)® | Prospective Italy DCS, ERI Operational stress, Organizational stress Work and PSQI, ESS 8/8
cohort studies Organizational
Stress
Garcia et al, (2025)% Cross-sectional Brazil LSSI Shift work stress, Organizational stress Shift Work PSQI 7/8
studies
Guan et al, (2007)14 Cross-sectional China LES, EPQ, CSQ Operational stress, Organizational stress Work and PSQI 8/8
studies Organizational
Stress
Hartley et al, (20|4)25 Cross-sectional USA Spielberger Police Stress Survey Organizational stress, Traumatic event exposure Dual Stress PSQI 8/8
studies Exposure
Ma et al, (20|9)26 Cross-sectional USA Spielberger Police Stress Survey Organizational stress, Traumatic event exposure Dual Stress PSQI 8/8
studies Exposure
Mini et al, (2025)% Cross-sectional India PSQ-Op, PSQ-Org Operational stress, Organizational stress Work and Berlin 7/8
studies Organizational Questionnaire,
Stress ESS
Neylan et al, (2002)28 Cross-sectional USA CIHQ, WEI Organizational stress, Traumatic event exposure Dual Stress PSQI 8/8
studies Exposure
Ramey et al, (2012)%° Cross-sectional USA PSS Perceived stress Work and PSQI 7/8
studies Organizational
Stress
Yoo et al, (2013)* Cross-sectional USA PSS-14 Perceived stress Work and PSQI 7/8
studies Organizational
Stress

Notes: Table 2 summarizes the main characteristics of the 17 studies included in the qualitative synthesis. Studies are ordered by first author and year. JBl scores range from 0 to 8, with higher scores indicating better methodological
quality. b. For studies marked as “Shift work exposure”, work stress was assessed using objective job characteristics (eg, night shift frequency, shift schedule) rather than psychometric questionnaires.
Abbreviations: a. PSQI, Pittsburgh Sleep Quality Index; ESS, Epworth Sleepiness Scale; MSQ, Mini Sleep Questionnaire; PSS, Perceived Stress Scale; PSQ-Op, Operational Police Stress Questionnaire; PSQ-Org, Organizational Police
Stress Questionnaire; PCL-C, PTSD Checklist—Civilian Version; CIHQ, Critical Incident History Questionnaire; WEI, Work Environment Inventory; LSSI, Law Enforcement Stress Survey; LES, Life Event Scale; EPQ, Eysenck Personality
Questionnaire; CSQ, Coping Style Questionnaire; DCS, Demand—Control Scale; ERI, Effort-Reward Imbalance Scale; JBI, Joanna Briggs Institute.
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Table 3 Bl Critical Appraisal Checklist for Analytical Cross-Sectional Studies

Author (Year)

Clear Inclusion

Adequate Description

Reliable Measurement

Reliable Measurement

Use of Objective Standards?

Identification of

Control of

Appropriate

Standard/Explanation

Are the criteria for
inclusion clearly defined
(eg, specific police
population, age range,
region, gender, sampling
method)?

Are the subjects (eg,
specific police roles) and
the setting (eg, geographic
location, sampling
process) described in
sufficient detail?

Is the exposure (work
stress) measured using

a reliable and valid tool (eg,
SLE, PSS) with reported
reliability metrics (eg,
Cronbach’s a)?

Are the outcomes (sleep
disturbances) measured
using standardized scales
(eg, PSQI, ISI, ISMA) with
reported reliability and
validity?

Are objective, standardized
criteria used to define and
measure the levels of exposure
(eg, high vs. low stress) and
outcomes (eg, clinical cut-offs for

insomnia)?

Are potential
confounding
factors (eg, age,
gender, rank, shift
work) identified
and
acknowledged?

Are appropriate statistical
methods (eg, multivariate
regression, stratified
analysis) employed to
control for identified

confounders?

Criteria? of Subjects & Setting? of Exposure? of Outcomes? Confounding Confounding Factors? Statistical Analysis?
Factors?
Bezerra et al, (2022) 16 Yes Yes No Yes Yes Yes Yes Yes
Birhan et al, (2025)"7 Yes Yes Yes Yes Yes Yes Yes Yes
Charles et al, (2007)'® Yes Yes Yes Yes Yes Yes Yes Yes
Charles et al, (201 I)|9 Yes Yes Yes Yes Yes Yes No Yes
Elliott et al, (2()|6)20 Yes Yes No Yes Yes Yes Yes Yes
Everding et al, (2016)*' Yes Yes Yes Yes Yes Yes Yes Yes
Fekedulegn et al, (2016)° Yes Yes Yes Yes Yes Yes No Yes
Garbarino et al, (2002) | Yes Yes No Yes Yes No No Yes
Garbarino et al, (2019b)° | Yes Yes Yes Yes Yes Yes Yes Yes
Garcia et al, (2025)% Yes Yes Yes Yes Yes Yes No Yes
Guan et al, (2007)** Yes Yes Yes Yes Yes Yes Yes Yes
Hartley et al, (2014)% Yes Yes Yes Yes Yes Yes Yes Yes
Ma et al, (2019)% Yes Yes Yes Yes Yes Yes Yes Yes
Mini et al, (2025)% Yes Yes Yes Yes Yes Yes No Yes
Neylan et al, (2002)28 Yes Yes Yes Yes Yes Yes Yes Yes
Ramey et al, (2012)*° Yes Yes No Yes Yes Yes Yes Yes
Yoo et al, (2013)*° Yes Yes Yes Yes Yes Yes No Yes

Are statistical analyses
appropriate for the data
type (eg, OR, RR, MD)
and are confidence
intervals reported

correctly?

Notes: Table 3 presents the domain-level quality assessment of the |7 included studies using the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for Analytical Cross-Sectional Studies. Each item was rated as “yes” (criterion met),

“no” (criterion not met), or “unclear” (insufficient information to judge). Higher scores indicate lower risk of bias.
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Table 4 Studies Excluded from the Meta-Analysis with Reasons for Exclusion

Studies Excluded from the Meta-Analysis | Reasons of Exclusion

Elliott et al, (2016)*° Reported regression coefficients () for continuous outcomes
Everding et al, (20I6)2I Reported regression coefficients () for continuous outcomes
Garbarino et al, (2019b)® Reported regression coefficients () for continuous outcomes
Guan et al, (2007)** Reported regression coefficients () for continuous outcomes
Hartley et al, (20I4)25 Reported regression coefficients () for continuous outcomes
Ma et al, (2019)% Reported regression coefficients () for continuous outcomes
Ramey et al, (2012)*° Reported regression coefficients () for continuous outcomes

Notes: Table 4 lists the seven studies that were included in the qualitative synthesis but excluded from the quantitative meta-analysis,
along with the specific reasons for exclusion. All excluded studies reported continuous sleep outcomes or effect measures that could
not be expressed as odds ratios (ORs).

Among the studies excluded from the meta-analysis, seven primarily employed linear regression models, mean-
difference analyses, or reported effect sizes without providing direct odds ratios (OR). A systematic review and appraisal
of these works revealed a high degree of concordance with the directionality of the outcomes reported in the studies
incorporated into the quantitative synthesis. Specifically, these excluded studies uniformly indicated a significant positive
association between law enforcement occupational stress and deteriorating sleep quality, and they suggested that
heightened occupational stress levels may lead to prolonged sleep latency and impaired daytime functioning. This
observation further substantiates the robustness of our pooled estimate (OR=3.51, 95% CI: 2.54-4.84, P <0.00001),
underscoring that it reflects a conservative and authentic synthesis of the extant evidence rather than a selective bias
introduced by the exclusion criteria.

Sensitivity Analysis

A leave-one-out sensitivity analysis was performed to assess the robustness of the pooled estimate (Table 5). The pooled
ORs ranged from 3.26 (excluding Yoo et al’®) to 3.91 (excluding Neylan et al*®). Notably, all leave-one-out pooled
estimates remained within the 95% CI of the primary analysis, and all corresponding confidence intervals remained
above 1.0, indicating that the overall association was stable.

Excluding Neylan et al*® and Yoo et al*” reduced heterogeneity (I* to 55% and 66%, respectively), suggesting partial
influence on between-study variability; however, heterogeneity remained moderate-to-high, and the direction of the
association was unchanged.

To assess the impact of confounding factor adjustment on our findings, a secondary sensitivity analysis was
performed. Specifically, four of the included studies had already accounted for at least one confounding factor

Odds Ratio Odds Ratio

tudy or Subgrou lo dds Ratio E Weight IV. Random, 95% CI IV, Random, 95% CI
Bezerra et al. (2022) 111 044 7.7% 3.03[1.28,7.19]
Birhan et al. (2025) 1.671 0.38 9.0% 5.32[2.52, 11.20] -
Charles et al. (2007) 1.188 0.597 5.3% 3.28 [1.02, 10.57] -
Charles et al. (2011) 1.73 031 10.7% 5.64 [3.07, 10.36] -
Fekedulegn et al. (2016) 1.052 0.284 11.4% 2.86 [1.64, 5.00] -
Garbarino et al. (2002) 0.838 0.133 15.6% 2.31[1.78, 3.00] -
Garcia et al. (2025) 1.662 0.297 11.1% 5.27 [2.94, 9.43] -
Mini et al. (2025) 1.484 0.621 5.0% 4.41[1.31, 14.90] -
Neylan et al. (2002) 0.623 0.134 15.6% 1.86 [1.43, 2.42] -
Yoo et al. (2013) 19 0.39 8.8% 6.69 [3.11, 14.36] -
Total (95% CI) 100.0% 3.51[2.54, 4.84] ‘

Heterogeneity: Tau? = 0.15; Chi? = 29.15, df = 9 (P = 0.0006); I* = 69%

Test for overall effect: Z = 7.66 (P < 0.00001) 0.001 01 ! 10 1000

Favours [experimental] Favours [control]

Figure 2 Forest plot of the association between occupational stress and sleep disorders. Squares represent study-specific odds ratios (ORs); horizontal lines represent 95%
confidence intervals (Cls); the size of each square is proportional to the study weight. The diamond represents the pooled OR with its 95% CI. Heterogeneity: 12 = 69%.
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Table 5 Leave-One-Out Sensitivity Analysis

Excluded Research OR 95% CI 95% CI 1% (%) Tau® Chi?
Lower Limit Upper Limit
All Research 351 2.54 4.84 69% 0.15 29.15
Exclusion of Bezerra et al, (2022)'¢ 3.57 2.53 5.04 72% 0.17 29.07
Exclusion of Birhan et al, (2025)"7 3.36 2.41 4.67 69% 0.15 25.81
Exclusion of Charles et al, (2007)'® 3.54 2.52 4.96 72% 0.17 29.04
Exclusion of Charles et al, (2011)"° 3.27 2.38 45| 65% 0.13 23.1
Exclusion of Fekedulegn et al, (2016)° 3.64 2.54 5.21 73% 0.18 29.1
Exclusion of Garbarino et al, (2002)% 3.85 2.58 5.73 71% 0.23 27.16
Exclusion of Garcia et al, (2025)% 33 2.39 457 66% 0.13 23.68
Exclusion of Mini et al, (2025)% 3.47 2.49 485 72% 0.16 28,51
Exclusion of Neylan et al, (2002)*® 391 2.82 5.41 55% 0.12 17.93
Exclusion of Yoo et al, (2013)* 3.26 2.38 4.47 66% 0.13 23.5

Notes: Table 5 presents the leave-one-out sensitivity analysis, showing the pooled odds ratio (OR) and 95% confidence interval (Cl) after
sequentially excluding each individual study. Heterogeneity (IZ) and Cochran’s Q (Chiz) statistics are also reported. The analysis demonstrates
that no single study disproportionately influenced the overall pooled estimate.

(depression, anxiety, or PTSD). We systematically excluded each of the remaining six studies that did not adjust for these
confounders, recalculating the pooled OR for each iteration (Table 6). The final analysis, after completely removing the
non-adjusted studies, yielded a pooled OR of 2.91 (95% CI: 1.66-5.11). This OR is lower than the overall pooled OR
derived from all ten studies (OR =3.51), yet the confidence interval remains entirely above the null value of 1.

Publication Bias

Visual inspection of the funnel plot did not reveal obvious asymmetry (Figure 3). Begg’s rank correlation test did not
provide evidence of publication bias (z = 1.17, P = 0.243), and Egger’s linear regression test did not reach statistical
significance (P = 0.18). However, given the limited number of studies included in the meta-analysis (k = 10), the
statistical power of these tests is inherently low; therefore, the findings of these tests should be interpreted with caution,
and the possibility of publication bias cannot be entirely excluded.

Subgroup Analysis
Based on the literature included in our review, we performed a dedicated subgroup analysis focusing on seven studies
that specifically reported poor sleep quality (PSQI > 5) as the outcome. The results of this analysis are illustrated in
Figure 4.

Based on the forest plot, the pooled odds ratio for the seven studies that employed poor sleep quality (PSQI > 5) as
the primary outcome was 3.94 (95% CI: 2.47-6.30; I = 78%).

Table 6 Sensitivity Analysis by Adjustment for Psychiatric Comorbidities

Excluded Research Research Included | OR (95% CI)
All Research 10 3.51

Exclusion of Charles et al, (2011)"? 9 3.27 (2.38, 4.51)
Exclusion of Fekedulegn et al, (2016)® | 8 3.38 (2.35, 4.87)
Exclusion of Garbarino et al, (2002)* | 7 3.84 (2.32, 6.33)
Exclusion of Garcia et al, (2025)% 6 3.59 (2.08, 6.19)
Exclusion of Mini et al, (2025)* 5 3.51 (1.92, 6.41)
Exclusion of Yoo et al, (2013)*° 4 2.91 (1.66, 5.11)

Notes: Table 6 presents the results of a secondary sensitivity analysis examining the impact of
confounding by psychiatric comorbidities (depression, anxiety, PTSD) on the pooled odds ratio
(OR). Studies were sequentially excluded based on whether they adjusted for at least one major
confounder. The final analysis included only the four studies that adjusted for such comorbidities.
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Figure 3 Funnel plot for publication bias assessment. Each point represents an individual study. The vertical line represents the pooled effect estimate from the random-
effects model. Pseudo 95% confidence limits are shown as dashed curves.

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
1.5.1 Poor Sleep Quality
Birhan et al. (2025) 1.671 0.38 9.0% 5.32[2.52, 11.20]
Charles et al. (2007) 1.188 0.597 5.3% 3.28 [1.02, 10.57] -
Charles et al. (2011) 1.73 031 10.7% 5.64 [3.07, 10.36] -
Fekedulegn et al. (2016) 1.052 0.284 11.4% 2.86 [1.64, 5.00] -
Garcia et al. (2025) 1662 0.297 11.1% 5.27 [2.94, 9.43] -
Neylan et al. (2002) 0.623 0.134 15.6% 1.86 [1.43, 2.42] -
Yoo et al. (2013) 1.9 0.39 8.8% 6.69 [3.11, 14.36] DU
Subtotal (95% CI) 71.7% 3.94 [2.47, 6.30] 4

Heterogeneity: Tau? = 0.29; Chi? = 26.68, df = 6 (P = 0.0002); I* = 78%
Test for overall effect: Z=5.73 (P < 0.00001)

1.5.2 Excessive Daytime Sleepiness

Garbarino et al. (2002) 0.838 0.133 15.6% 2.31[1.78, 3.00] -
Subtotal (95% Cl) 15.6% 2.31[1.78, 3.00] L 2
Heterogeneity: Not applicable

Test for overall effect: Z = 6.30 (P < 0.00001)

1.5.4 Risk of Obstructive Sleep Apnea

Bezerra et al. (2022) 111 044  77% 3.03[1.28,7.19] -
Mini et al. (2025) 1.484 0.621 5.0% 4.41[1.31, 14.90] -
Subtotal (95% Cl) 12.7% 3.44 [1.70, 6.95] -
Heterogeneity: Tau? = 0.00; Chi? = 0.24, df =1 (P = 0.62); 1> = 0%

Test for overall effect: Z = 3.44 (P = 0.0006)

Total (95% Cl) 100.0% 3.51 [2.54, 4.84] <&
Heterogeneity: Tau? = 0.15; Chi? = 29.15, df = 9 (P = 0.0006); I = 69% ‘0_01 0f1 I 1‘0 100’

Test for overall effect: Z = 7.66 (P < 0.00001)

Favours [experimental] Favours [control
Test for subgroup differences: Chi? =4.31, df =2 (P =0.12), I = 53.6% [exp ] [ ]

Figure 4 Subgroup analysis of sleep outcomes. Forest plot showing the association between occupational stress and specific sleep outcomes across three subgroups: poor
sleep quality (PSQI > 5, 7 studies), excessive daytime sleepiness (ESS = 10, | study), and risk of obstructive sleep apnea (Berlin Questionnaire, 2 studies). Squares represent
study-specific ORs; horizontal lines represent 95% Cls; diamonds represent pooled estimates.

However, due to the insufficient number of studies in the remaining subgroups, it was not feasible to conduct reliable
subgroup analyses for those outcomes; consequently, only the effect estimates for these categories are reported. The
pooled odds ratio for the excessive daytime sleepiness subgroup was 2.31, whereas the pooled odds ratio for the risk of

obstructive sleep apnea subgroup was 3.44.
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% ClI 1V, Random, 95% Cl
1.4.1 Work and Organizational Stress Subgroup
Mini et al. (2025) 1.484 0.621 5.0% 4.411[1.31, 14.90]
Yoo et al. (2013) 19 0.39 8.8% 6.69[3.11, 14.36] -
Subtotal (95% Cl) 13.7%  5.94[3.11, 11.35] -
Heterogeneity: Tau? = 0.00; Chi? = 0.32, df =1 (P = 0.57); I>= 0%
Test for overall effect: Z = 5.40 (P < 0.00001)
1.4.2 Shift Work Stress Subgroup
Bezerra et al. (2022) 111 044 7.7% 3.03[1.28,7.19] -
Charles et al. (2007) 1.188 0.597 5.3% 3.28 [1.02, 10.57] -
Fekedulegn et al. (2016) 1.052 0.284 11.4% 2.86 [1.64, 5.00] -
Garbarino et al. (2002) 0.838 0.133 15.6% 2.31[1.78, 3.00] -
Garcia et al. (2025) 1.662 0.297 11.1% 5.27 [2.94, 9.43] -
Subtotal (95% Cl) 51.0% 3.02 [2.17, 4.22] <&
Heterogeneity: Tau? = 0.05; Chi? = 6.65, df = 4 (P = 0.16); 1> = 40%
Test for overall effect: Z =6.51 (P < 0.00001)
1.4.3 Dual Stress Exposure Subgroup
Birhan et al. (2025) 1.671 0.38 9.0% 5.32[2.52, 11.20] -
Charles et al. (2011) 173 0.31 10.7% 5.64 [3.07, 10.36] -
Neylan et al. (2002) 0.623 0.134 15.6% 1.86[1.43,2.42] -
Subtotal (95% Cl) 353%  3.66 [1.57, 8.51] .
Heterogeneity: Tau? = 0.48; Chi? = 15.53, df = 2 (P = 0.0004); I> = 87%
Test for overall effect: Z = 3.01 (P = 0.003)
Total (95% Cl) 100.0% 3.51 [2.54, 4.84] <&

Heterogeneity: Tau? = 0.15; Chi? = 29.15, df = 9 (P = 0.0006); 1> = 69%
Test for overall effect: Z =7.66 (P < 0.00001)
Test for subgroup differences: Chi? = 3.33, df =2 (P = 0.19), I = 39.9%

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Figure 5 Subgroup analysis by stressor type. Forest plot showing three stressor domains: work and organizational stress, shift work stress, and dual stress exposure.
Squares represent study-specific ORs; horizontal lines represent 95% Cls; diamonds represent pooled estimates. Heterogeneity (I?) is shown for each subgroup. Test for
subgroup differences: y* = 3.33, df = 2, P = 0.19.

To explore whether associations differed by stressor type, subgroup analyses were conducted by classifying studies as
three subgroups— “Shift Work”, “Work and Organizational Stress”, and “Dual Stress Exposure” (Figure 5).

The results of the random-effects model showed that the pooled effect size for the work and organizational stress
subgroup (n = 2) yielded a pooled OR of 5.94 (95% CI: 3.11-11.35) with no evidence of heterogeneity (I°=0%, P=0.57).
For the shift work stress subgroup (n = 5) yielded a pooled OR of 3.02 (95% CI: 2.17-4.22; I? = 40%). For the dual stress
exposure subgroup (n = 3) yielded a pooled OR of 3.66 (95% CI: 1.57-8.51; I* = 87%). The test for subgroup differences
was not statistically significant (x> = 3.33, P = 0.19), suggesting no clear statistical evidence that the magnitude of
association differed between stressor types.

GRADE Assessment

We performed a GRADE assessment of the evidence quality for the primary outcomes of this study (Table 1). Overall,
the evidence included in the meta-analysis is primarily derived from cross-sectional studies, which start at a low level of
certainty. Adjustments were then made to the evidence rating for the association between occupational stress and sleep
disorders. Specifically, the evidence quality was further downgraded due to substantial information bias (both stress and
sleep quality were self-reported) and statistically significant heterogeneity (I>=69%). Consequently, the certainty of
evidence for this outcome remains at a very low level. Although a statistically significant association was observed
between law enforcement occupational stress and sleep disorders (OR =3.51, 95% CI 2.54-4.84), the conclusions should
be interpreted with caution given the limitations of the underlying evidence.
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Discussion

Principal Findings

This systematic review and meta-analysis synthesizes evidence from 17 observational studies and provides quantitative
confirmation of a strong association between occupational stress and sleep disorders among law enforcement officers.!
Officers reporting higher work stress had more than threefold higher odds of sleep disorders compared with those
reporting lower stress (pooled OR = 3.51; 95% CI: 2.54-4.84). From an occupational health and public-safety
perspective, this effect size is clinically meaningful, given the central role of adequate sleep in maintaining vigilance,
decision-making, and emotional regulation in high-stakes law-enforcement settings.

In our sensitivity analysis, we sought to delineate the potential influence of confounding variables on the pooled effect
estimate (OR). Specifically, among the ten included studies, only four had accounted for at least one major confounder
(depression, anxiety, or PTSD). To more comprehensively assess the impact of unadjusted confounders, we system-
atically excluded the remaining six studies that lacked such adjustments. The subsequent analysis revealed that, after the
complete removal of the unadjusted studies, the pooled OR decreased from the initial 3.51 to 2.91 (95% CI: 1.66-5.11).
Nevertheless, the confidence interval remained entirely above the null value, indicating that the association between
occupational stress and sleep disturbances remained statistically significant.

This finding offers a nuanced perspective on the relationship between occupational stress and sleep disturbances. The
reduction in OR (approximately 83% of the original estimate) suggests that unadjusted confounders—particularly
depression, anxiety, and PTSD—may have contributed to an upward bias in the initial OR, implying that a portion of
the observed risk could be attributed to the comorbidity of these affective disorders. However, even after more stringent
adjustment for these confounders, occupational stress continued to significantly elevate the risk of sleep disturbances
(OR =2.91). This suggests that the detrimental impact of occupational stress on sleep may not be solely mediated through
the induction of affective disorders but may also involve other independent physiological or behavioral mechanisms.

Nevertheless, we acknowledge that the contribution of this meta-analysis is primarily confirmatory in nature. The
findings reinforce what has long been suspected—that occupational stress is a major determinant of sleep health in
policing—while providing more precise estimates and a clearer delineation of stressor domains. The conceptual
advancement lies not in discovering a novel association, but in refining the specificity of that association and in
underscoring the need for mechanism-informed, domain-sensitive interventions. We hope that this synthesis serves as
a foundation for future research that moves beyond prevalence estimates and toward a deeper understanding of the causal
pathways linking distinct stressor types to sleep pathology.

Comparison with Prior Literature

The overall magnitude of association observed in this meta-analysis (pooled OR = 3.51) is largely consistent with, yet
extends, the extant body of research on sleep disturbances among law enforcement personnel. A systematic review and
meta-analysis conducted by Garbarino et al*>? reported a pooled prevalence of poor sleep quality among police officers at
approximately 51%; however, this prior work did not directly quantify the strength of the relationship between
occupational stress and sleep disorders. In contrast, the present study offers a direct estimate of this relationship,
indicating that police officers exposed to higher levels of occupational stress have a more than threefold increased risk
of developing sleep disorders compared to those experiencing lower stress.

Our subgroup analyses revealed numerical differences in pooled effect sizes across stress types; however, the
between-group differences did not reach statistical significance (P = 0.19). The work and organizational stress subgroup
(comprising two studies) yielded a pooled OR of 5.94, which is numerically the highest among the three subgroups.
Nevertheless, due to the limited number of studies included in this subgroup, the stability of this estimate warrants further
verification through additional research. The shift work subgroup (encompassing five studies) produced a pooled OR of
3.02, aligning with previous findings regarding the detrimental impact of circadian rhythm disruption on sleep. The dual
stress exposure subgroup (comprising three studies) yielded a pooled OR of 3.66; however, this subgroup exhibited
substantial heterogeneity (I = 87%), suggesting considerable variability in how “dual stress” was defined and measured
across different studies.
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Plausible Mechanisms: Circadian Misalighment and Sleep—Wake Dysregulation

Shift work is an inherent operational feature of law enforcement duties. Our subgroup analysis indicates that exposure to
non-standard work schedules significantly increases the risk of sleep disorders (OR = 3.02; 95% CI: 2.17-4.22). The
prevailing mechanistic explanation for this phenomenon is circadian misalignment: nocturnal and rotating shift work
disrupts the temporal coordination between the sleep—wake cycle and endogenous biological rhythms, including
melatonin secretion patterns and the homeostatic regulation of sleep pressure.®> This misalignment can manifest as
prolonged sleep latency, fragmented sleep, reduced total sleep time, and a lack of restorative sleep, all of which can be
captured by validated sleep scales such as the Pittsburgh Sleep Quality Index (PSQI).

Additionally, shift work in law enforcement often involves extended duty periods, unpredictable overtime, and
insufficient recovery time between shifts. These factors may exacerbate the accumulation of sleep debt and impair the
ability to achieve sustained sleep. Moreover, when officers attempt to revert to a daytime schedule on days off, they may
experience “social jetlag”—a mismatch between biological and social time—further aggravating chronic sleep insuffi-
ciency. The aforementioned mechanisms provide biological plausibility for the association observed in the shift work
subgroup and suggest that optimizing shift schedules is a potential intervention target.

Plausible Mechanisms: Cumulative Occupational Burden, Hyperarousal, and

Organizational Context

The work and organizational stress subgroup (OR = 5.94; 95% CI: 3.11-11.35) and the dual stress exposure subgroup
(OR =3.66; 95% CI: 1.57-8.51) point to pathways that transcend mere circadian misalignment, aligning with cumulative
or additive stress models. It is important to emphasize that, although the work and organizational stress subgroup showed
a numerically higher effect size (5.94 vs. 3.66), the test for subgroup differences was not statistically significant (y’=3.33,
df=2, P=0.19), and the confidence intervals across subgroups exhibited considerable overlap. This numerical difference
should be interpreted with caution, as it may reflect insufficient statistical power due to the limited number of studies
within each subgroup, rather than a genuine difference in the effect of distinct stressor types on sleep disturbances.
Indeed, when the number of studies in a subgroup is small, the pooled estimate may be disproportionately influenced by
individual studies, and numerical fluctuations may represent sampling variation rather than true effect heterogeneity.
Accordingly, the subgroup analyses presented here should be regarded as exploratory. Their value lies in suggesting
directional patterns across stressor domains, rather than providing definitive conclusions regarding the relative magnitude
of effects across stress types. Any inferences drawn from numerical differences between subgroups should be made with
caution and await validation in future studies with larger sample sizes.

In the dual stress exposure subgroup, trauma-related hyperarousal may be particularly salient.** Repeated exposure to
traumatic events (eg, violence, fatalities, severe injuries) can induce sustained physiological arousal and intrusive
cognitive—emotional processing, both of which are detrimental to sleep initiation and maintenance. Dysregulation of
stress response systems—including persistent activation of the hypothalamic—pituitary—adrenal axis and hyperactivity of
sympathetic pathways—may contribute to insomnia symptoms, nightmares, and fragmented sleep.>”

The organizational and operational stressors captured within the work and organizational stress subgroup also warrant
consideration. Stressors such as perceived lack of supervisory support, rigid hierarchical structures, excessive adminis-
trative burden, staffing shortages, and limited decision latitude may generate persistent low-level stress that extends
beyond the immediate impact of acute incidents. This chronic stress may sustain cognitive rumination and anticipatory
anxiety,>® creating a vicious cycle: diminished sleep quality further impairs coping capacity and stress tolerance, which in
turn exacerbates sleep disturbances. Collectively, these mechanisms provide both biological and psychological plausi-
bility for the observed associations across stress types and underscore the necessity of intervention strategies that extend
beyond merely adjusting work schedules.

Theoretical Perspectives
The mechanisms discussed above provide biological and psychological explanations for the observed associations
between distinct stressor types and sleep disturbances. However, situating the findings of the present study within
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broader theoretical frameworks in occupational stress and organizational research can further deepen our understanding
of their academic significance and reveal the deeper structural determinants underlying sleep problems in law enforce-
ment populations.

Within the field of occupational health psychology, the Job Demands—Control Model stands®’ as one of the most
influential theoretical frameworks. This model posits that occupational stress arises from the interaction between job
demands and job control: the combination of high demands and low control—termed “high-strain jobs”—is most likely
to result in psychological strain and adverse health outcomes. This framework has direct applicability to law enforcement
contexts. Law enforcement officers routinely face exceptionally high operational demands, including rapid decision-
making under pressure, exposure to violence, and management of unpredictable critical incidents. Concurrently, however,
they often possess limited control over organizational aspects of their work, such as shift scheduling, task allocation, and
resource deployment. This mismatch—high demands coupled with low control—may represent a core mechanism
through which organizational stressors exert a particularly potent influence on sleep. The elevated effect size observed
in the work and organizational stress subgroup (OR = 5.94) may, in part, reflect the operation of this theoretical
mechanism. For a comprehensive review of the JD-R model’s evolution and applications, see Bakker and Demerouti.*®

Another closely related and highly relevant framework is the Effort-Reward Imbalance Model.>* This model
emphasizes that sustained stress responses arise when individuals perceive a chronic imbalance between the effort
they expend and the rewards they receive—rewards that encompass not only financial compensation but also esteem,
recognition, and career opportunities. In policing, such imbalances are particularly salient. Officers endure high-intensity,
high-risk workloads, yet frequently encounter limited promotion opportunities, inadequate organizational recognition,
and insufficient supervisory support.*’ This perceived inequity may persistently activate stress response systems, thereby
disrupting sleep initiation and maintenance. The strong association observed between organizational stressors and sleep
disturbances in the present study can be meaningfully interpreted through the lens of this model.

Furthermore, the more recent Conservation of Resources Theory® originally proposed by Hobfoll*! offers valuable
insights for interpreting the current findings. This theory posits that individuals are inherently motivated to acquire,
protect, and sustain resources they value, and that stress results from actual or threatened resource loss. Chronic resource
depletion—whether of physical resources (eg, energy), psychological resources (eg, self-efficacy), or social resources
(eg, organizational support)—constitutes a core mechanism underlying mental and physical health deterioration. Among
law enforcement officers, organizational stressors (such as lack of supervisory support and excessive administrative
burden) may persistently deplete coping resources, while trauma exposure may simultaneously erode both psychological
and social resources. As resource depletion accumulates, sleep—a fundamental physiological process for recovery—may
be among the first functions to be compromised.

In summary, interpreting the results of this meta-analysis through these established theoretical frameworks not only
deepens our understanding of the mechanisms linking occupational stress to sleep disturbances but, more importantly,
illuminates the deeper structural roots of sleep problems in law enforcement populations. These theoretical perspectives
suggest that interventions aimed at improving sleep health among officers should extend beyond individual-level
approaches (eg, stress management training) or simple schedule modifications. Rather, they point to the necessity of
systematic organizational-level changes—including enhancing decision-making autonomy, fostering supportive leader-
ship, ensuring fairness in effort-reward balance, and cultivating an organizational culture that prioritizes resource
preservation. Such structural interventions hold the potential to address the root causes of occupational stress, shifting
the focus from symptom management toward root-cause mitigation.

Heterogeneity, Subgroup Findings, and Methodological Considerations

The overall analysis of this meta-analysis revealed moderate to high heterogeneity (I* = 69%), which was anticipated
given the variability across studies on multiple dimensions. Firstly, the definitions and measurement tools for stress
differed, encompassing perceived stress scales, operational law enforcement stress scales, objective shift exposure data,
and trauma-stress composite measurements. Secondly, there were discrepancies in sleep outcomes and diagnostic
thresholds, including poor sleep quality (PSQI > 5), excessive daytime sleepiness (ESS > 10), and obstructive sleep
apnea screening (Berlin Questionnaire). Thirdly, the background of law enforcement work—encompassing
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organizational structures, shift systems, and trauma exposure—varied significantly across different countries and
agencies. Fourthly, strategies for adjusting confounders were inconsistent; some studies only controlled for demographic
and lifestyle factors, while others did not account for potential confounders such as depression and PTSD.

It is noteworthy that the degree of heterogeneity varied markedly across subgroups. The work and organizational
stress subgroup exhibited zero heterogeneity (I* = 0%). The absence of heterogeneity in this subgroup is primarily
attributable to the limited number of studies (n=2) rather than a high degree of concordance between studies; therefore,
interpretations of this subgroup’s results should be approached with caution. The shift work stress subgroup displayed
moderate heterogeneity (I* = 40%), suggesting that shift work, as an objectively defined stress exposure, yields relatively
consistent effect estimates across studies.

In contrast, the dual stress exposure subgroup exhibited high heterogeneity (I* = 87%) and the sources of this residual
heterogeneity warrant further exploration. First, differences in stress measurement tools represent an important source of
heterogeneity. The three studies included in this subgroup demonstrated considerable variability in the operationalization
of “dual stress”. Neylan et al*® used the Critical Incident History Questionnaire (CIHQ) and the Work Environment
Inventory (WEI) to measure traumatic exposure and routine work stress, respectively. Birhan et al'” employed the PTSD
Checklist—Civilian Version (PCL-C) in combination with the Organizational Police Stress Questionnaire (PSQ-Org) for
a composite assessment. Charles et al'® while exploring the modifying role of depressive symptoms in stratified analyses
did not include traumatic exposure as an independent exposure variable. Such heterogeneity in measurement instruments
and conceptual frameworks may contribute to genuine differences in effect sizes across studies. Second, differences in
study populations and contexts cannot be overlooked: Neylan et al*® studied urban police officers in the United States and

1'” focused on law enforcement personnel in Ethiopia. The nature, frequency, and intensity of

Canada, whereas Birhan et a
traumatic events and organizational stressors may vary systematically across cultural contexts. Third, inconsistencies in
confounder adjustment also merit attention: although all three studies adjusted for mental health variables to some extent,
the specific variables and methods of adjustment differed (eg, some adjusted only for depression, while others adjusted
for both PTSD and depression), which may also contribute to variation in effect estimates. This heterogeneity may also
reflect the absence of a widely accepted theoretical operationalization of “dual stress” within the framework of resource
depletion, underscoring the need for future research to develop standardized, theory-driven measures that capture the
compounded resource loss associated with combined trauma and occupational stress.

Given the high heterogeneity in this subgroup and the diversity of its sources, the interpretation of the pooled effect
size for this subgroup should be approached with caution. Although the pooled OR of 3.66 (95% CI: 1.57-8.51) was
statistically significant, its confidence interval was wide, and the point estimate may be substantially influenced by the
aforementioned sources of heterogeneity. From a methodological perspective, quantitatively synthesizing studies with
considerable differences in study design, measurement instruments, and population characteristics into a single subgroup
yields limited robustness of the findings. Therefore, the present subgroup analysis should be regarded as exploratory
rather than confirmatory. Its primary value lies in suggesting that “dual exposure to trauma and occupational stress” may
represent a distinct risk domain warranting further attention, rather than in providing a precise effect estimate. Future
research should strive to standardize the operational definition of dual stress, adopt validated measurement tools, and
examine its association with sleep disturbances across diverse cultural contexts.

Sensitivity analyses indicated that the overall effect size remained robust regardless of the analytical approach—
whether through a leave-one-out analysis that sequentially removed individual studies or by excluding studies that did
not adjust for mental health comorbidities. When studies lacking such adjustments were excluded, the pooled OR
decreased from 3.51 to 2.91, suggesting that insufficient control for comorbid mental health conditions such as
depression, anxiety, or PTSD may lead to an overestimation of the effect size. Nonetheless, even after excluding these
studies, the confidence interval of the pooled OR remained entirely above 1, affirming the persistent association between
occupational stress and sleep disorders.

Directionality of Causality and the Necessity for Longitudinal Studies
The studies included in this meta-analysis were predominantly cross-sectional in design, fundamentally limiting the
reliability of causal inferences. The conceptual model underlying this research typically assumes occupational stress as
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a precursor to sleep disorders; however, the possibility of reverse causality is equally plausible: chronic sleep deprivation
may impair emotional regulation, exacerbate threat perception, and intensify stress perception, thereby establishing
a bidirectional relationship. Moreover, cross-sectional designs cannot ascertain the temporal sequence between exposure
and outcome, nor do they rule out the influence of unmeasured common causes (eg, genetic susceptibility, pre-existing
mental health conditions) that may simultaneously affect stress perception and sleep disorders.

Importantly, the relationship between occupational stress and sleep is likely dynamic and reciprocal rather than
unidirectional. Longitudinal evidence supports this bidirectional perspective.** Sleep disturbances may reduce an
individual’s capacity to cope with workplace demands, leading to heightened stress perception and further sleep
deterioration. This bidirectional perspective aligns with transactional models of stress,** which emphasize the continuous
interplay between environmental demands and individual coping resources. From this vantage point, interventions
targeting either stress or sleep may have cascading effects on the other, suggesting that integrated approaches addressing
both domains simultaneously may be more effective than single-domain interventions.

Nonetheless, some of the included literature provided prospective evidence, offering limited support for the temporal
directionality wherein stress leads to sleep deterioration. For instance, the prospective cohort study by Garbarino and
Magnavita® found that sleep problems could predict stress-related metabolic changes in law enforcement personnel,
suggesting a dynamic interaction between stress and sleep rather than a unidirectional causality.

Future research should prioritize adequately powered prospective cohort studies that repeatedly measure occupational
stress (including objective indicators such as shift systems and trauma exposure) and sleep outcomes (including
actigraphy or polysomnography). Such study designs would facilitate the elucidation of causal directionality, the
identification of critical temporal windows (eg, early versus late career stages), and the evaluation of potential mediators
(eg, PTSD symptoms, rumination, coping strategies, metabolic dysregulation). Additionally, given that the sensitivity
analyses in this study indicated a significant impact of controlling for mental health comorbidities on effect size, future
research should systematically adjust for depression, PTSD, and related confounding factors to more accurately isolate
the direct effect of occupational stress on sleep.

Strengths and Limitations

Strengths of this study include protocol registration, PRISMA-concordant methods, comprehensive multi-database
searching, explicit eligibility criteria, quality assessment, and extensive robustness checks (subgroup and sensitivity
analyses, publication bias assessment). The analysis also offers practical value by distinguishing, albeit imperfectly,
between scheduling-related and broader occupational stressor domains.

Limitations should be acknowledged. First, the predominance of cross-sectional designs constrains causal inference
and may be affected by reverse causality. Second, many studies relied on self-reported measures for both exposure and
outcome, which may introduce common-method variance and reporting biases. Third, residual confounding remains
likely; not all studies adjusted for key factors such as depressive symptoms, PTSD-related symptoms, alcohol/caffeine
use, body mass index, or comorbid medical conditions that may influence sleep. Fourth, the operationalization of “work
stress” varied widely, and our three-category subgrouping (shift work, work and organizational stress, and dual stress
exposure) may mask more specific stressor effects. Fifth, the present sensitivity analysis, which aimed to exclude the
influence of confounding factors, is inherently limited by the heterogeneity in confounding adjustment across the
included literature. Specifically, while the ten cross-sectional studies incorporated in this meta-analysis offer valuable
cross-sectional insights into the field, there is an evident imbalance in the control of confounders: only four studies
adjusted for at least one major confounder (depression, anxiety, or PTSD), and these adjustments were predominantly
limited to single variables. Consequently, the pooled odds ratio (OR =3.51) derived from the full set of studies may not
have fully accounted for the independent effects of depression, anxiety, and PTSD on sleep disturbances, thereby
introducing a potential upward bias. The pooled OR of 2.91 obtained after excluding studies that did not adjust for

these confounders should therefore be interpreted with caution. Finally, a “healthy worker effect”***

may lead to
underestimation if officers with severe stress and sleep disturbances leave active duty and are therefore underrepresented

in study samples.
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Certainty of Evidence

According to the GRADE assessment, the overall certainty of evidence in this study is deemed very low. This rating is
primarily constrained by several critical limitations. First, both the exposure (occupational stress) and the outcome (sleep
disorder) were measured using self-reported questionnaires, which may introduce information bias. Second, there is
substantial heterogeneity among the included studies (I*> = 69%), potentially arising from variations in geographic
locations, law enforcement subpopulations, or measurement instruments. Moreover, several studies provided insufficient
adjustment for confounding variables such as age and gender. Despite these limitations, the observed association (OR =
3.51) remains epidemiologically suggestive, indicating that occupational stress may be an important risk factor for sleep
disorders among law enforcement officers. Future research should focus on prospective cohort studies and interventional
trials to validate these findings.

Conclusion

This systematic review and meta-analysis of 17 observational studies provides the first quantitative synthesis of the
association between occupational stress and sleep disorders in law enforcement populations. Officers exposed to higher
work-related stress had more than threefold higher odds of sleep disturbances (pooled OR = 3.51; 95% CI: 2.54-4.84).
Subgroup analyses revealed that shift work, work and organizational stress, and dual stress exposure were each
independently associated with elevated sleep risk, suggesting that sleep disturbances in policing may reflect a multi-
domain occupational burden.

Conceptually, the study advances the field by deconstructing occupational stress into distinguishable domains—each
potentially operating through distinct mechanisms (circadian disruption, cognitive rumination, hyperarousal)—thereby
aligning with established frameworks such as the Job Demands—Control Model and the Effort-Reward Imbalance Model.
This differentiation suggests that targeted, domain-sensitive interventions may hold greater promise than one-size-fits-all
approaches.

Methodologically, substantial heterogeneity—particularly within the dual stress exposure subgroup (I* = 87%)—
highlights current gaps in measurement standardization. Future research may benefit from validated, uniform measures
across stress domains and sleep outcomes to enhance comparability.

Regarding causal inference, the predominance of cross-sectional designs limits conclusions about directionality.
A bidirectional relationship is plausible, as sleep loss may impair stress tolerance, potentially perpetuating a vicious
cycle. Prospective cohort studies with repeated measures and objective assessments (eg, actigraphy, cortisol) could help
disentangle these pathways.

From an intervention perspective, individual-level stress management or schedule modifications alone may not fully
address observed sleep disturbances. Organizational-level structural interventions—such as enhancing decision-making
autonomy, fostering supportive leadership, and ensuring effort-reward fairness—warrant consideration as complemen-
tary strategies. Law enforcement personnel shoulder the important responsibility of maintaining social order and
protecting public safety, and their sleep health, which is closely related to their work efficiency, physical and mental
state and public security service quality, has become more crucial with the increasing number of new types of crimes
putting higher demands on their work intensity.
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