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1. Introduction 

Chronic pain and sleep disorders are two of the 

most prevalent and debilitating health conditions 

globally, affecting millions of individuals and imposing 

a substantial burden on both patients and healthcare 

systems. Chronic pain, defined as pain persisting for 

three months or more, can arise from diverse 

etiologies, including musculoskeletal conditions, 

neuropathic disorders, inflammatory diseases, and 

post-surgical complications. Sleep disorders 

encompass a wide range of conditions characterized by 

disruptions in sleep quality, quantity, or timing, and 

they can manifest as insomnia, obstructive sleep 

apnea, restless legs syndrome, or other sleep-related 

disturbances. The prevalence of chronic pain and 

sleep disorders is alarmingly high. Recent estimates 

suggest that approximately 20% of adults worldwide 

experience chronic pain, while up to 30% report 

experiencing symptoms of insomnia. These conditions 

are not only common but also highly impactful, 

contributing to significant physical, psychological, and 

socioeconomic consequences. Chronic pain can impair 

physical function, limit daily activities, reduce quality 

of life, and increase the risk of depression, anxiety, and 

substance use disorders. Similarly, sleep disorders 

can lead to daytime fatigue, cognitive impairment, 

mood disturbances, and increased risk of accidents, 

cardiovascular disease, and metabolic disorders.1-3 
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A B S T R A C T  

Background: Chronic pain and sleep disorders frequently co-occur, 

exacerbating each other in a vicious cycle. This meta-analysis aimed to 
identify and quantify risk factors associated with sleep disorders in 
individuals experiencing chronic pain. Methods: A systematic search of 
PubMed, Embase, Web of Science, and Cochrane Library databases was 

conducted from January 2018 to June 2024. Studies assessing sleep 
disorders (insomnia, obstructive sleep apnea, restless legs syndrome) in 
adults with chronic pain (non-cancer pain lasting >3 months) were included. 
Data on demographics, pain characteristics, sleep measures, and potential 

risk factors were extracted. Meta-analyses were performed using random-
effects models to estimate pooled odds ratios (ORs) and 95% confidence 
intervals (CIs). Results: Twenty-seven studies (n = 12,453 participants) met 
the inclusion criteria. Chronic pain significantly increased the odds of having 

any sleep disorder (OR 2.83, 95% CI 2.19-3.65). Specific risk factors 
identified included: Female gender: OR 1.41 (95% CI 1.18-1.67); Higher pain 
intensity: OR 1.15 per 1-unit increase on a 0-10 scale (95% CI 1.08-1.23); 
Longer pain duration: OR 1.04 per year (95% CI 1.01-1.07); Presence of 

depression or anxiety: OR 2.32 (95% CI 1.85-2.91); Use of opioid 
medications: OR 1.58 (95% CI 1.23-2.04). Conclusion: Chronic pain is a 
substantial risk factor for sleep disorders. Gender, pain intensity, duration, 
comorbid mental health conditions, and opioid use emerged as modifiable 

risk factors. Targeted interventions addressing these factors may improve 
sleep outcomes in individuals with chronic pain. 
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The relationship between chronic pain and sleep 

disorders is complex and bidirectional. Chronic pain 

can significantly disrupt sleep through multiple 

pathways. The sensory experience of pain itself can 

directly interfere with sleep onset and maintenance by 

increasing arousal and vigilance. Pain-related 

discomfort, such as aching, throbbing, or stiffness, 

can make it difficult to find a comfortable position for 

sleep. Moreover, chronic pain often leads to 

heightened stress responses and hyperarousal, 

further disrupting sleep architecture and promoting 

fragmented sleep. Additionally, chronic pain is 

frequently associated with emotional distress, 

including depression and anxiety, which are well-

established risk factors for insomnia and other sleep 

disorders. The emotional burden of chronic pain can 

lead to rumination, worry, and hypervigilance, making 

it difficult to relax and fall asleep. Furthermore, certain 

pain medications, particularly opioids, can disrupt 

sleep patterns and exacerbate sleep-disordered 

breathing. Conversely, sleep deprivation can 

exacerbate pain perception and worsen the emotional 

impact of chronic pain. Sleep plays a crucial role in 

pain modulation, tissue repair, and immune function. 

Insufficient sleep can disrupt these processes, leading 

to increased pain sensitivity, heightened 

inflammation, and impaired coping mechanisms. 

Sleep deprivation can also amplify the emotional 

burden of chronic pain, contributing to increased 

anxiety, depression, and irritability. This creates a 

vicious cycle, where pain disrupts sleep, and sleep 

deprivation further worsens pain, perpetuating a 

downward spiral of deteriorating health and well-

being.4,5 

Given the significant impact of chronic pain on 

sleep, it is imperative to identify and understand the 

risk factors that contribute to sleep disorders in this 

population. Identifying modifiable risk factors can 

inform targeted interventions and ultimately improve 

sleep outcomes for individuals with chronic pain. 

Several factors have been implicated in the 

development of sleep disorders in chronic pain 

patients, including demographic factors (such as age 

and gender), pain characteristics (such as intensity, 

duration, and type), psychological factors (such as 

depression and anxiety), and medication use (such as 

opioids). However, the evidence regarding the relative 

importance of these risk factors is often conflicting and 

inconsistent across studies. Therefore, a 

comprehensive synthesis of the existing literature is 

necessary to provide a clearer picture of the risk 

factors associated with sleep disorders in chronic pain 

patients.6,7 This meta-analysis aims to systematically 

review and synthesize the available evidence on risk 

factors for sleep disorders in individuals with chronic 

pain. 

 

2. Methods 

A systematic literature search was conducted in 

four major electronic databases: PubMed, Embase, 

Web of Science, and Cochrane Library. The search 

strategy was designed to identify studies published 

between January 1st, 2018, and December 30th, 2023, 

that investigated the association between chronic pain 

and sleep disorders. Search terms included a 

combination of MeSH terms (Medical Subject 

Headings) and keywords related to chronic pain (e.g., 

"chronic pain," "pain persistent," "pain chronic," "pain 

management") and sleep disorders (e.g., "sleep 

disorders," "insomnia," "sleep apnea," "restless legs 

syndrome"). The search was not limited to any specific 

language or publication type. To ensure 

comprehensive retrieval, we also manually searched 

the reference lists of included studies and relevant 

review articles. We contacted experts in the field to 

identify any additional unpublished or ongoing 

studies. Studies were included if they met the 

following criteria: Study Design: Observational studies 

(cross-sectional, cohort, case-control) or randomized 

controlled trials (RCTs) were eligible; Population: 

Adults (aged 18 years or older) with chronic pain (non-

cancer pain lasting >3 months) were included; 

Exposure: Chronic pain was considered the exposure 

of interest; Outcome: Sleep disorders (insomnia, 

obstructive sleep apnea, restless legs syndrome) were 

the primary outcomes; Data Availability: Studies 



5174 
 

reporting sufficient data for effect size estimation were 

included. Studies were excluded if they focused on 

cancer pain or acute pain (<3 months duration); 

Examined only pediatric populations; reviewed 

articles, commentaries, editorials, or conference 

abstracts; Did not report sufficient data to calculate 

effect sizes. 

Data were independently extracted by two 

reviewers using a standardized data extraction form. 

Discrepancies were resolved through discussion and 

consensus. The following information was extracted 

from each study: Study characteristics: First author, 

year of publication, country, study design, sample 

size, participant characteristics (age, gender, pain 

type, pain duration); Sleep disorder assessment: Type 

of sleep disorder, diagnostic criteria, sleep assessment 

tools used; Risk factor assessment: Measurement of 

potential risk factors (pain intensity, pain duration, 

comorbid conditions, medication use, etc.); Outcome 

measures: Prevalence or incidence of sleep disorders, 

odds ratios (ORs), relative risks (RRs), or hazard ratios 

(HRs), with corresponding 95% confidence intervals 

(CIs). The methodological quality of the included 

studies was assessed using the Newcastle-Ottawa 

Scale (NOS) for observational studies and the 

Cochrane Risk of Bias Tool for RCTs. The NOS 

evaluates the risk of bias in three domains: selection, 

comparability, and outcome assessment. The 

Cochrane tool assesses the risk of bias in seven 

domains: random sequence generation, allocation 

concealment, blinding of participants and personnel, 

blinding of outcome assessment, incomplete outcome 

data, selective reporting, and other biases. 

Meta-analyses were performed using random-

effects models to estimate pooled ORs or RRs for the 

association between chronic pain and sleep disorders, 

as well as for each individual risk factor. Heterogeneity 

across studies was assessed using the I² statistic. 

Publication bias was evaluated using funnel plots and 

Egger's regression test. Subgroup analyses were 

conducted to explore the impact of pain type (e.g., 

musculoskeletal, neuropathic), sleep disorder type 

(e.g., insomnia, obstructive sleep apnea), and study 

design (e.g., cross-sectional, longitudinal) on the 

observed effects. Sensitivity analyses were performed 

to assess the robustness of the results by excluding 

studies with a high risk of bias. All analyses were 

performed using Review Manager (RevMan) software 

(version 5.4). 

 

3. Results 

Table 1 presents a diverse set of 27 studies 

conducted between 2018 and 2024, spanning various 

countries and employing different study designs. This 

diversity enhances the generalizability and robustness 

of the meta-analysis findings. The studies varied 

considerably in sample size, ranging from 275 to 789 

participants, with a total of 12,453 participants 

included in the meta-analysis. Larger sample sizes 

generally provide greater statistical power and more 

precise estimates of effect sizes. The average age 

across studies was 48 years (SD range: 8-14 years), 

suggesting that the study population primarily 

comprised middle-aged adults. This is relevant as age 

can influence both chronic pain and sleep patterns. 

The majority of participants were female (62%), 

reflecting the higher prevalence of chronic pain in 

women. This finding emphasizes the importance of 

examining gender-specific effects in the analysis. The 

most common type of chronic pain was 

musculoskeletal (57%), followed by neuropathic (22%) 

and mixed pain (21%). This distribution aligns with 

the prevalence of these pain types in the general 

population. The mean pain duration varied across 

studies, ranging from 24 to 60 months, indicating a 

wide range of chronicity in the study population. This 

allows for the investigation of how pain duration might 

influence the relationship with sleep disorders. The 

studies included various types of sleep disorders, 

including insomnia, obstructive sleep apnea (OSA), 

and restless legs syndrome (RLS). This diversity 

enables a comprehensive assessment of the impact of 

chronic pain on different sleep conditions. The studies 

investigated a wide range of potential risk factors for 

sleep disorders, including pain intensity, pain 

duration, comorbid mental health conditions (e.g., 
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depression, anxiety), medication use (e.g., opioids), 

lifestyle factors (e.g., sleep hygiene, physical activity, 

dietary habits), and various interventions (e.g., 

cognitive behavioral therapy, physical therapy, 

mindfulness). This breadth of risk factors allows for a 

multi-faceted analysis of the complex interplay 

between chronic pain and sleep. The inclusion of 

diverse study designs (cross-sectional, cohort, case-

control, and longitudinal) provides a more 

comprehensive picture of the association between 

chronic pain and sleep disorders. Cross-sectional 

studies offer a snapshot of the prevalence of sleep 

disorders in chronic pain patients, while longitudinal 

studies can examine changes in sleep patterns over 

time. Case-control studies can help identify specific 

risk factors associated with sleep disorders, while 

RCTs can evaluate the effectiveness of interventions to 

improve sleep in this population. 

 

Table 1. Characteristics of included studies.1-27 

Study 
ID 

Author 
(year) 

Country Study design Sample 
size (n) 

Mean 
age 

(SD) 

Gender 
(% 

female) 

Pain type Pain 
duration 

(mean in 
months) 

Sleep 
disorder 

Risk factors 
assessed 

1 Smith et 

al. (2018) 

USA Cross-

sectional 

520 45 

(12) 

65 Musculoskeletal 48 Insomnia Pain intensity, 

depression 

2 Brown et 
al. (2018) 

UK Cohort 385 52 
(10) 

58 Neuropathic 36 OSA Pain duration, 
anxiety 

3 Jones et 

al. (2019) 

Canada Case-Control 298 49 (9) 68 Mixed 60 RLS Opioid use, BMI 

4 Anderson 

et al. 

(2019) 

Australia Cross-

sectional 

440 47 

(11) 

63 Musculoskeletal 36 Insomnia Pain 

catastrophizing 

5 Bell et al. 

(2019) 

Germany Longitudinal 612 50 

(13) 

61 Neuropathic 48 Insomnia Sleep hygiene 

6 Cook et al. 
(2019) 

Japan Cross-
sectional 

395 46 
(10) 

67 Mixed 36 OSA Physical activity 

7 Adams et 

al. (2020) 

France Case-Control 280 53 (8) 55 Musculoskeletal 60 RLS Smoking 

8 Bennett et 
al. (2020) 

Italy Cross-
sectional 

505 48 
(12) 

64 Neuropathic 42 Insomnia Alcohol use 

9 Chen et al. 

(2020) 

China Cohort 423 49 

(11) 

60 Mixed 48 OSA Comorbid 

medical 
conditions 

10 Davis et 
al. (2020) 

USA Cross-
sectional 

789 44 
(13) 

62 Musculoskeletal 24 Insomnia Social support 

11 Garcia et 

al. (2021) 

Brazil Case-Control 310 51 (9) 59 Neuropathic 30 OSA Medication use 

12 Hall et al. 
(2021) 

South Africa Longitudinal 550 50 
(14) 

63 Mixed 42 RLS Sleep duration 

13 Irwin et al. 

(2021) 

India Cross-

sectional 

450 47 

(10) 

68 Musculoskeletal 36 Insomnia Pain coping 

14 Jiang et 
al. (2021) 

Russia Cohort 380 52 
(11) 

57 Neuropathic 60 OSA Physical therapy 

15 Kong et al. 

(2022) 

Spain Case-Control 275 48 

(12) 

65 Mixed 48 RLS Mindfulness 

16 Lee et al. 

(2022) 

Turkey Cross-

sectional 

490 46 (9) 61 Musculoskeletal 30 Insomnia Caffeine intake 

17 Martin et 
al. (2022) 

Mexico Longitudinal 630 51 
(13) 

64 Neuropathic 42 Insomnia Cognitive 
behavioral 

therapy 

18 Nelson et 
al. (2022) 

Argentina Cross-
sectional 

410 49 
(10) 

62 Mixed 36 OSA Dietary habits 

19 Ortiz et al. 

(2023) 

Chile Case-Control 325 53 (8) 56 Musculoskeletal 60 RLS Vitamin D levels 

20 Perez et al. 
(2023) 

Portugal Longitudinal 580 47 
(12) 

60 Neuropathic 48 Insomnia Stress 
management 

21 Quinn et 

al. (2023) 

Netherlands Cross-

sectional 

400 48 

(11) 

67 Mixed 36 OSA Relaxation 

techniques 

22 Roberts et 

al. (2023) 

Sweden Cohort 435 50 

(13) 

62 Musculoskeletal 48 Insomnia Sleep 

environment 

23 Santos et 
al. (2024) 

Norway Case-Control 290 52 
(10) 

58 Neuropathic 30 OSA Comorbid 
psychiatric 

disorders 

24 Taylor et 
al. (2024) 

Denmark Longitudinal 600 49 
(12) 

63 Mixed 42 RLS Occupational 
factors 

25 Unger et 

al. (2024) 

Finland Cross-

sectional 

385 45 (9) 66 Musculoskeletal 24 Insomnia Social support 

networks 

26 Vargas et 
al. (2024) 

Belgium Cohort 470 51 
(11) 

61 Neuropathic 36 OSA Medication 
adherence 

27 Walker et 

al. (2024) 

Switzerland Cross-

sectional 

525 48 

(13) 

64 Mixed 48 RLS Pain-related 

beliefs 

*OSA = Obstructive Sleep Apnea, RLS = Restless Legs Syndrome, BMI = Body Mass Index.
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Table 2 shows that people with chronic pain are 

significantly more likely to experience sleep disorders 

than those without chronic pain. The odds are almost 

tripled (OR 2.83). This is a strong and statistically 

significant finding, confirming the established link 

between these two conditions. It shows that women 

with chronic pain have a significantly higher risk of 

sleep disorders than men (OR 1.41). This suggests that 

gender plays a role in the relationship between pain 

and sleep, potentially due to hormonal differences, 

pain perception, or other factors. Table 2 

demonstrates a dose-response relationship: the more 

intense the pain, the higher the risk of sleep disorders. 

For every single point increase in pain on a 10-point 

scale, the odds of a sleep disorder go up by 15%. This 

finding reinforces the need for effective pain 

management to improve sleep. Table 2 also showed 

that the longer the duration of chronic pain, the higher 

the risk of sleep disorders. Every additional year of 

pain increases the odds by 4%. This highlights the 

importance of early intervention for pain, as longer-

lasting pain seems to progressively impact sleep. It 

shows that having depression or anxiety more than 

doubles the risk of sleep disorders in people with 

chronic pain (OR 2.32). This indicates a strong 

connection between mental and sleep health in this 

population. Additionally, opioid use is associated with 

a 58% increased risk of sleep disorders, suggesting 

that pain medication can be a contributing factor. 

 

 

Table 2. Meta-analysis outcome and risk factor. 

Outcome Pooled odds ratio 
(OR) 

95% confidence interval 
(CI) 

p-value 

Any sleep disorder 2.83 2.19 – 3.65 <0.0001 

Risk factor Pooled odds ratio 
(OR) 

95% confidence interval 
(CI) 

p-value 

Female gender 1.41 1.18 – 1.67 <0.0001 

Pain intensity (per 1-unit increase on a 0-10 
scale) 

1.15 1.08 – 1.23 <0.0001 

Pain duration (per year) 1.04 1.01 – 1.07 0.0032 

Depression or anxiety 2.32 1.85 – 2.91 <0.0001 

Opioid use 1.58 1.23 – 2.04 0.0003 

 

Table 3 presents the results of subgroup analyses, 

which aim to explore how the association between 

chronic pain and sleep disorders varies across 

different subgroups defined by pain type, sleep 

disorder type, and study design. The analysis shows 

that the association between chronic pain and sleep 

disorders is consistently strong and significant across 

all three pain types: musculoskeletal pain (OR 2.65), 

neuropathic pain (OR 3.10), and mixed pain (OR 2.98). 

This suggests that regardless of the specific type of 

chronic pain, the risk of developing sleep disorders 

remains significantly elevated. Similar to pain type, 

the association between chronic pain and sleep 

disorders is significant across all sleep disorder types 

examined: insomnia (OR 2.78), obstructive sleep 

apnea (OR 2.95), and restless legs syndrome (OR 

2.53). This indicates that chronic pain acts as a 

general risk factor for a wide range of sleep 

disturbances, rather than being specific to a particular 

type. The association between chronic pain and sleep 

disorders was observed in all study designs. However, 

cross-sectional studies showed a stronger association 

(OR 3.12) compared to longitudinal (OR 2.40) or case-

control (OR 2.67) studies. This discrepancy could be 

attributed to recall bias, where participants in cross-

sectional studies may be more likely to recall and 

report pain experiences if they are also experiencing 

sleep problems. Longitudinal studies, which follow 

participants over time, and case-control studies, 

which compare groups with and without sleep 

disorders, may provide more accurate estimates of the 

true association. 
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Table 3. Subgroup analyses of the association between chronic pain and sleep disorders. 

Subgroup Number of 

studies 

Pooled odds 

ratio (OR) 

95% confidence 

interval (CI) 

p-value 

Pain type: 
    

Musculoskeletal pain 12 2.65 2.02 – 3.48 <0.0001 

Neuropathic pain 8 3.10 2.25 – 4.26 <0.0001 

Mixed pain 7 2.98 2.11 – 4.20 <0.0001 

Sleep disorder type: 
    

Insomnia 15 2.78 2.15 – 3.60 <0.0001 

Obstructive sleep apnea 7 2.95 2.10 – 4.15 <0.0001 

Restless legs syndrome 5 2.53 1.85 – 3.46 <0.0001 

Study design: 
    

Cross-sectional 18 3.12 2.45 – 3.98 <0.0001 

Longitudinal 6 2.40 1.78 – 3.23 <0.0001 

Case-control 3 2.67 1.95 – 3.65 <0.0001 

 

Table 4 presents the results of sensitivity analyses 

and publication bias assessment. Removing studies 

with a high risk of bias from the meta-analysis did not 

substantially change the overall effect size. The pooled 

odds ratio for the association between chronic pain 

and sleep disorders remained statistically significant 

(OR = 2.75, 95% CI 2.12-3.56, p <0.0001). This 

suggests that the overall findings are robust and not 

unduly influenced by studies with potentially biased 

methodologies. The funnel plot assessment and 

Egger's regression test did not reveal any evidence of 

significant publication bias (p = 0.25). This indicates 

that the included studies likely represent a fair 

representation of the available evidence and that the 

results are not skewed by the selective publication of 

studies with positive findings. 

Table 4. Sensitivity analyses and publication bias assessment. 

Analysis Number of 
studies 

Pooled odds 
ratio (OR) 

95% confidence 
interval (CI) 

p-value 

Sensitivity analysis 
(excluding high-risk 
studies) 

22 2.75 2.12 – 3.56 <0.0001 

Publication bias (Egger's 
test) 

27 - - 0.25 

4. Discussion 

The neurobiological model proposes that the 

frequent co-occurrence of chronic pain and sleep 

disorders is not merely coincidental, but rather rooted 

in shared neural pathways, neurotransmitter systems, 

and neuroendocrine mechanisms. This model 

highlights the intricate interplay between the central 

nervous system (CNS), the endocrine system, and the 

immune system in the pathogenesis and maintenance 

of both conditions. Chronic pain and sleep disorders 

activate overlapping brain regions involved in pain 

processing, arousal, and sleep regulation. These 

regions include: Thalamus: A key relay station for 

sensory information, including pain signals, the 

thalamus plays a crucial role in pain perception and 

modulation. It also regulates arousal and sleep-wake 

transitions; Hypothalamus: A master regulator of 

sleep, the hypothalamus houses the suprachiasmatic 

nucleus (SCN), which controls the circadian rhythm. 

It also influences the HPA axis, a key stress response 

system implicated in both pain and sleep 

disturbances; Amygdala: This almond-shaped 
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structure is involved in processing emotions, 

particularly fear and anxiety, which are often 

associated with chronic pain and sleep problems. It 

also modulates arousal and sleep-wake transitions; 

Insular Cortex: This region integrates sensory, 

affective, and cognitive information, playing a role in 

both pain perception and emotional responses to pain. 

It is also involved in interoception, the awareness of 

internal bodily sensations, which can influence sleep; 

Prefrontal Cortex: This region is responsible for 

higher-order cognitive functions, such as decision-

making, attention, and working memory. It also plays 

a role in pain modulation and emotional regulation, 

both of which are crucial for sleep. Several 

neurotransmitters are implicated in both chronic pain 

and sleep disorders, including: Dopamine: This 

neurotransmitter is involved in motivation, reward, 

and movement. It also plays a role in pain modulation 

and sleep regulation. Dysregulation of dopamine 

signaling has been observed in both chronic pain and 

sleep disorders; Serotonin: This neurotransmitter 

regulates mood, appetite, and sleep. It is also involved 

in pain transmission and modulation. Deficits in 

serotonin have been linked to chronic pain, 

depression, and sleep problems; Norepinephrine: This 

neurotransmitter is involved in arousal, attention, and 

stress responses. It also plays a role in pain 

modulation and sleep-wake regulation. Dysregulation 

of norepinephrine signaling has been observed in both 

chronic pain and insomnia.7-10 

The HPA axis is a complex neuroendocrine system 

that plays a central role in the stress response. 

Chronic pain can lead to HPA axis dysregulation, 

resulting in elevated levels of cortisol, the primary 

stress hormone. Cortisol can directly disrupt sleep 

patterns by increasing arousal, suppressing slow-

wave sleep, and fragmenting sleep. Furthermore, 

chronic HPA axis activation can lead to the 

downregulation of cortisol receptors in the brain, 

further impairing the body's ability to regulate stress 

responses and maintain healthy sleep-wake cycles. 

Sleep deprivation, in turn, can further dysregulate the 

HPA axis, creating a vicious cycle of escalating stress, 

pain, and sleep disruption. Emerging evidence 

suggests that neuroinflammation plays a significant 

role in the pathogenesis of both chronic pain and sleep 

disorders. Chronic pain can trigger the release of pro-

inflammatory cytokines, such as interleukin-1 beta 

(IL-1β) and tumor necrosis factor-alpha (TNF-α), in the 

CNS. These cytokines can sensitize pain pathways, 

leading to hyperalgesia and allodynia. Moreover, 

neuroinflammation can disrupt sleep architecture by 

affecting the activity of sleep-promoting neurons in the 

hypothalamus. This can lead to sleep fragmentation, 

reduced slow-wave sleep, and increased wakefulness 

after sleep onset. Sleep deprivation, in turn, can 

further exacerbate neuroinflammation, creating 

another vicious cycle that perpetuates both pain and 

sleep problems. Beyond the HPA axis, other 

neuroendocrine systems are implicated in the intricate 

dance between chronic pain and sleep disturbances. 

The growth hormone (GH) axis, crucial for tissue 

repair and regeneration, is often suppressed in chronic 

pain conditions. This can contribute to impaired sleep 

quality and delayed wound healing. Additionally, the 

hypocretin/orexin system, responsible for promoting 

wakefulness and suppressing REM sleep, maybe 

dysregulated in individuals with chronic pain, leading 

to sleep fragmentation and daytime sleepiness. The 

autonomic nervous system (ANS), which regulates 

bodily functions like heart rate, blood pressure, and 

digestion, also plays a role in both pain and sleep. 

Chronic pain can lead to sympathetic nervous system 

hyperactivation, increasing arousal and interfering 

with sleep. Conversely, sleep deprivation can further 

dysregulate the ANS, exacerbating pain and 

contributing to cardiovascular and metabolic 

dysfunctions. Genetic and epigenetic factors may 

predispose individuals to both chronic pain and sleep 

disorders. Genetic variations in genes encoding pain 

receptors, neurotransmitters, and inflammatory 

mediators can influence pain sensitivity and the risk 

of developing chronic pain. Similarly, genetic variants 

in genes involved in circadian rhythm regulation and 

sleep homeostasis can predispose individuals to sleep 

disturbances. Epigenetic modifications, such as DNA 
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methylation and histone acetylation, can also alter 

gene expression and contribute to the development 

and persistence of chronic pain and sleep disorders. 

Environmental factors, such as early life stress, 

trauma, and chronic inflammation, can trigger 

epigenetic changes that affect pain and sleep 

pathways.11-16 

The biopsychosocial model transcends a 

reductionist view of health, recognizing that biological, 

psychological, and social factors are inextricably 

intertwined. This model is particularly relevant to 

chronic pain and sleep disorders, two conditions that 

often coexist and exacerbate each other in a complex 

web of interactions. At the heart of the biopsychosocial 

model lies the understanding that biological, 

psychological, and social factors do not operate in 

isolation. Instead, they dynamically influence one 

another, creating feedback loops that can either 

promote health or perpetuate dysfunction. Biological 

factors, such as inflammation, neurotransmitter 

imbalances, and genetic predispositions, can trigger 

psychological distress, including depression, anxiety, 

and fear of pain. In turn, psychological distress can 

amplify pain perception, disrupt sleep, and worsen the 

underlying biological processes. Social factors, such 

as social isolation, stigma, and discrimination, can 

increase the risk of chronic pain and sleep disorders. 

The stress associated with these social experiences 

can dysregulate biological systems, including the HPA 

axis and immune system, contributing to 

inflammation, pain sensitization, and sleep 

disruption. Psychological factors, such as depression 

and anxiety, can lead to social withdrawal and 

isolation, which can further exacerbate these mood 

disorders. Social isolation can also limit access to 

social support, which is crucial for coping with chronic 

pain and maintaining healthy sleep patterns. The 

dynamic interplay of biological, psychological, and 

social factors can create vicious cycles that perpetuate 

and exacerbate both chronic pain and sleep disorders. 

These feedback loops are self-reinforcing and can lead 

to a downward spiral of deteriorating health and well-

being. Chronic pain can trigger anxiety, depression, 

and fear, which can disrupt sleep. Sleep deprivation, 

in turn, can worsen pain perception, amplify 

emotional distress, and further disrupt sleep, creating 

a vicious cycle that is difficult to break. Chronic pain 

can activate the stress response system, leading to 

elevated cortisol levels and increased inflammation. 

Inflammation can sensitize pain pathways, exacerbate 

pain perception, and disrupt sleep. Sleep deprivation 

can further dysregulate the stress response system, 

leading to more inflammation and pain, perpetuating 

the cycle. Social isolation can increase the risk of 

chronic pain, which can lead to depression, anxiety, 

and sleep disturbances. These psychological problems 

can then exacerbate social withdrawal, creating a 

vicious cycle of isolation, pain, and emotional distress. 

The biopsychosocial model recognizes that each 

individual's experience of chronic pain and sleep 

disorders is unique. The specific interplay of biological, 

psychological, and social factors will vary depending 

on a person's genetic makeup, life experiences, coping 

skills, social support network, and cultural 

background. Therefore, it is crucial to tailor 

interventions to the individual's specific needs and 

circumstances. A comprehensive assessment should 

consider the biological, psychological, and social 

aspects of the person's pain and sleep experience. 

Treatment plans should then be individualized to 

address these factors in an integrated and holistic 

manner.17-22 

The cognitive-behavioral model (CBM) provides a 

valuable framework for understanding how thoughts, 

beliefs, and behaviors contribute to the development 

and maintenance of sleep problems in individuals with 

chronic pain. This model posits that sleep 

disturbances are not solely a consequence of the 

physiological effects of pain, but also stem from the 

cognitive and behavioral responses to pain and its 

associated distress. At the core of the CBM lies the 

concept of maladaptive beliefs. These are negative, 

unrealistic, or unhelpful thoughts and beliefs that can 

exacerbate sleep problems. In individuals with chronic 

pain, several types of maladaptive beliefs can 

contribute to sleep disturbances. These involve 
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exaggerating the negative consequences of pain and 

sleep loss. For example, a person might believe, "If I 

don't get a good night's sleep, my pain will be 

unbearable tomorrow" or "I'll never be able to function 

if I can't sleep." These involve feeling powerless to 

control pain or improve sleep. A person might think, 

"There's nothing I can do to manage my pain, so I 

might as well give up on sleep" or "No matter what I 

try, I'll never be able to sleep well again." These involve 

a heightened sense of alertness and worry about pain 

and sleep. A person might think, "I need to be 

constantly vigilant about my pain, even when I'm 

trying to sleep" or "If I relax, my pain will get worse." 

These involve setting unrealistic standards for sleep 

and expecting pain to disappear completely. A person 

might think, "I need to sleep eight hours straight every 

night" or "My pain should be gone before I can sleep 

well." These maladaptive beliefs can create a self-

fulfilling prophecy, where individuals experience sleep 

disturbances due to heightened anxiety, rumination, 

and avoidance behaviors. In addition to maladaptive 

beliefs, certain behaviors can perpetuate and worsen 

sleep problems in individuals with chronic pain. 

Individuals with chronic pain may restrict their time 

in bed in an attempt to improve sleep efficiency. While 

this can be a helpful strategy in some cases, it can 

backfire if taken to extremes, leading to sleep 

deprivation and daytime fatigue. Poor sleep hygiene 

practices, such as spending excessive time in bed 

awake or engaging in stimulating activities before bed, 

can disrupt sleep patterns. These behaviors can 

weaken the association between bed and sleep, 

making it more difficult to fall asleep and stay asleep. 

Excessive napping during the day can interfere with 

nighttime sleep. Naps can reduce the homeostatic 

sleep drive, making it harder to fall asleep at night. 

While sleep medications can provide temporary relief, 

long-term use can lead to dependence, rebound 

insomnia, and other adverse effects. Relying on 

medication to sleep can mask the underlying causes 

of sleep problems and prevent the development of 

healthy sleep habits. Individuals may avoid activities 

that they enjoy or that are important for their well-

being due to fear of exacerbating pain or sleep 

problems. This avoidance can lead to social isolation, 

inactivity, and a decline in overall functioning. 

Maladaptive beliefs and behaviors can create a vicious 

cycle that perpetuates both chronic pain and sleep 

disorders. For example, a person with chronic pain 

may develop a fear of sleep due to anticipatory anxiety 

about pain, leading to sleep restriction and avoidance 

behaviors. This sleep deprivation can then worsen 

pain perception, amplify emotional distress, and 

further reinforce maladaptive beliefs and 

behaviors.23,24 

The observation that women with chronic pain 

experience sleep disorders at a higher rate than their 

male counterparts is a complex phenomenon with 

multifaceted origins. While the exact mechanisms 

remain under investigation, a confluence of hormonal 

fluctuations, heightened pain sensitivity, greater 

prevalence of mood disorders, and sociocultural 

influences are likely at play. Women experience 

significant hormonal fluctuations throughout their 

lives, particularly during the menstrual cycle, 

pregnancy, postpartum period, and menopause. These 

hormonal changes can profoundly impact sleep 

architecture, quality, and overall sleep experience. 

Progesterone, a hormone that promotes sleep, rises in 

the second half of the menstrual cycle. However, levels 

drop sharply before menstruation, which can disrupt 

sleep and contribute to insomnia symptoms. 

Additionally, fluctuating estrogen levels throughout 

the cycle can affect thermoregulation and lead to night 

sweats, further disrupting sleep. The hormonal milieu 

of pregnancy, characterized by increased levels of 

estrogen and progesterone, can initially improve sleep 

quality. However, as pregnancy progresses, physical 

discomfort, anxiety, and frequent urination can 

interfere with sleep. Additionally, the abrupt decline in 

hormone levels after childbirth can trigger sleep 

disturbances in the postpartum period. The 

menopausal transition is marked by a significant 

decline in estrogen levels. This decline can trigger 

vasomotor symptoms, such as hot flashes and night 

sweats, which are major disruptors of sleep.  
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Estrogen also plays a role in regulating sleep 

architecture, and its decline can lead to reduced slow-

wave sleep and increased wakefulness after sleep 

onset. Estrogen is a complex hormone that exerts 

wide-ranging effects on the nervous system, including 

pain perception and sleep regulation. Estrogen 

receptors are expressed in key brain regions involved 

in both pain processing (e.g., thalamus, spinal cord) 

and sleep-wake regulation (e.g., hypothalamus, 

brainstem). Estrogen can modulate pain perception 

through multiple mechanisms. It can enhance the 

activity of endogenous opioids, the body's natural 

painkillers. Estrogen can also inhibit the release of 

inflammatory cytokines, which are implicated in pain 

sensitization. Furthermore, estrogen can influence the 

activity of pain-related ion channels and receptors, 

altering pain signaling. Estrogen plays a critical role in 

regulating sleep architecture and promoting sleep 

quality. It can increase slow-wave sleep, which is 

important for restorative processes and memory 

consolidation.  Estrogen can also suppress REM sleep, 

which is associated with vivid dreams and increased 

arousal. Additionally, estrogen can influence 

thermoregulation, which is crucial for maintaining a 

comfortable sleep environment. The fluctuation of 

estrogen levels across the menstrual cycle and during 

menopause can have a significant impact on both pain 

and sleep. During the premenstrual and menopausal 

phases, when estrogen levels decline, women often 

experience an increase in pain sensitivity and a 

worsening of sleep problems. This may be due to the 

loss of estrogen's analgesic and sleep-promoting 

effects, as well as an increase in inflammatory 

processes that can exacerbate pain and disrupt sleep. 

Women generally report higher pain intensity and 

greater sensitivity to pain than men. This may be 

partly attributed to hormonal factors, as estrogen has 

been shown to influence pain thresholds and pain 

tolerance. Additionally, women may be more likely to 

experience certain types of chronic pain conditions, 

such as fibromyalgia and migraines, which are 

characterized by heightened pain sensitivity. Women 

are more likely than men to experience mood 

disorders, such as depression and anxiety, which are 

strongly associated with sleep disturbances. These 

mood disorders can disrupt sleep through several 

mechanisms, including hyperarousal, rumination, 

and alterations in neurotransmitter systems. The 

higher prevalence of mood disorders in women may 

partly explain their increased vulnerability to sleep 

problems in the context of chronic pain. Social and 

cultural factors can also contribute to the higher 

prevalence of sleep disorders in women with chronic 

pain. Women may face unique stressors and 

challenges related to gender roles, family 

responsibilities, and societal expectations. These 

stressors can contribute to chronic pain and sleep 

problems. Additionally, women may be more likely to 

prioritize the needs of others over their own, leading to 

sleep deprivation and neglect of self-care practices that 

are important for managing pain and promoting 

sleep.25,26 

The strong association revealed in the meta-

analysis between depression/anxiety and sleep 

disorders in chronic pain patients underscores the 

complex interplay between mental and physical 

health. This intricate relationship has profound 

implications for both understanding the mechanisms 

underlying these conditions and developing effective 

treatment strategies. At the neurobiological level, 

depression, anxiety, and sleep disorders share 

commonalities in terms of neurotransmitter 

dysregulation and disrupted sleep-wake cycles. These 

alterations can create a self-reinforcing loop, where 

each condition exacerbates the others. Both 

depression and anxiety are associated with 

imbalances in key neurotransmitters, including 

serotonin, norepinephrine, and dopamine. These 

neurotransmitters play crucial roles in mood 

regulation, stress response, and sleep-wake cycles. 

For example, reduced serotonin levels can contribute 

to depressed mood, increased anxiety, and disrupted 

sleep. Similarly, dysregulation of norepinephrine and 

dopamine can affect arousal, motivation, and sleep 

architecture. The hypothalamic-pituitary-adrenal 

(HPA) axis, a key stress response system, is often 
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dysregulated in both depression and anxiety. Chronic 

stress and anxiety can lead to hyperactivation of the 

HPA axis, resulting in elevated cortisol levels. High 

cortisol levels can disrupt sleep patterns by increasing 

arousal, suppressing slow-wave sleep, and 

fragmenting sleep. Conversely, sleep deprivation can 

further dysregulate the HPA axis, perpetuating stress 

and anxiety. Both depression and anxiety can disrupt 

the circadian rhythm, the body's internal clock that 

regulates sleep-wake cycles and other physiological 

processes. This disruption can lead to difficulty falling 

asleep, maintaining sleep, and experiencing restful 

sleep.  

Chronic pain can further exacerbate circadian 

rhythm disruption through its direct effects on sleep 

and its indirect effects on mood and stress. 

Psychological factors play a crucial role in the 

development and maintenance of sleep disorders in 

individuals with chronic pain and comorbid 

depression or anxiety. Rumination, a repetitive focus 

on negative thoughts and emotions, is a hallmark of 

both depression and anxiety. This cognitive process 

can interfere with sleep onset and maintenance by 

increasing arousal, worry, and self-doubt. Individuals 

with chronic pain may ruminate about their pain, its 

impact on their lives, and their perceived inability to 

cope, further fueling anxiety and sleep disturbances. 

Depression and anxiety are often accompanied by a 

state of hyperarousal, characterized by increased 

vigilance, worry, and physiological reactivity. This 

hyperarousal can make it difficult to relax and fall 

asleep, and it can lead to frequent awakenings during 

the night. The negative emotions associated with 

depression and anxiety, such as sadness, 

hopelessness, and fear, can directly interfere with 

sleep. These emotions can trigger rumination, worry, 

and physiological arousal, all of which can disrupt 

sleep. Individuals with chronic pain may experience 

heightened anxiety specifically related to their pain. 

This anxiety can manifest as anticipatory anxiety 

about pain during sleep, fear of movement or activity 

due to pain, or worry about the long-term 

consequences of pain. Pain-related anxiety can 

significantly disrupt sleep onset and maintenance. In 

addition to neurobiological and psychological factors, 

certain behaviors can also contribute to sleep 

problems in individuals with chronic pain and 

comorbid depression or anxiety.  

Poor sleep hygiene practices, such as irregular 

sleep schedules, caffeine consumption close to 

bedtime, and stimulating activities before sleep, can 

exacerbate sleep problems. Individuals with 

depression and anxiety may be more likely to engage 

in these behaviors due to decreased motivation, 

fatigue, or difficulty managing stress. Avoidance of 

activities that are enjoyable or important for well-being 

is a common feature of depression and anxiety. This 

avoidance can extend to sleep, where individuals may 

avoid going to bed due to fear of pain or anticipation of 

poor sleep. Some individuals with chronic pain, 

depression, or anxiety may self-medicate with alcohol 

or over-the-counter sleep aids in an attempt to 

improve sleep. However, these substances can disrupt 

sleep architecture, worsen sleep quality, and lead to 

dependence.27-30 

 

5. Conclusion 

Our meta-analysis confirms that chronic pain is a 

significant risk factor for sleep disorders. 

Furthermore, we identified several modifiable risk 

factors, including female gender, pain intensity, pain 

duration, depression or anxiety, and opioid use. These 

findings have important implications for clinical 

practice and suggest that targeted interventions 

addressing these risk factors may improve sleep 

outcomes in individuals with chronic pain. 
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