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Background: The relationship between pain and sleep represents 6. Hospital General Marco Vinicio Iza

one of the most significant yet insufficiently researched
interactions between physiological systems during the perioperative period. Evidence indicates that pre-existing
sleep disturbances, such as insomnia or sleep-disordered breathing, are strong predictors of postoperative pain
intensity, higher opioid consumption, and increased risk of chronic postoperative pain.

Objective: This review aims to examine the bidirectional interaction between sleep and postoperative pain,
highlighting its impact on rehabilitation and recovery, while proposing strategies for improved perioperative care.
Methods: Relevant literature was reviewed to evaluate the effects of postoperative pain on sleep architecture,
including changes in sleep continuity, slow-wave sleep, and rapid eye movement (REM) sleep. Clinical and
mechanistic findings on the reciprocal relationship between sleep disturbance and pain were also analyzed.
Results: Postoperative pain was found to fragment sleep, reduce restorative sleep stages, and impair overall
sleep quality. Poor sleep, in turn, heightened pain sensitivity, interfered with rehabilitation, and delayed recovery.
This cyclical relationship is rarely addressed in standard perioperative care despite its clear impact on patient
outcomes.

Conclusion: A paradigm shift is required in perioperative medicine to incorporate preoperative sleep screening
and targeted multidisciplinary interventions for sleep and pain management.

Implications: Future studies should focus on mechanistic and clinical investigations to break the cycle between
pain and poor sleep. Integrating sleep-focused assessments and interventions into perioperative care pathways
could reduce opioid use, improve recovery, and enhance overall patient well-being.

Keywords: Sleep Disorders, Postoperative Pain, Recovery, Opioids, Obstructive Sleep Apnea, Multimodal
Analgesia, Perioperative Care
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Introduction

Sleep comprises one third of human life. Sleep is essential for survival and an important role in maintaining
mental and physical health. Sleep requirement for healthy adult’s ranges from 7 to 8 hours of sleeping per night
(1). Sleep disorders are defined as conditions that are characterized by a disturbance of the usual pattern or
behaviors of the sleeping. These disorders cause impairmentin day functions and distress (2). Sleeping disorders
can appear as complaints of abnormal movements during sleep, insufficient sleep or an excessive amount of
perceived sleep. The most prevalent sleep disorders include sleep apnea, insomnia, narcolepsy, and restless
legs syndrome/ pain. Sleep disorders had an impact on the driving, social activities, and work of the individuals

(3)

Effective pain management has been regarded as a human right. Post-operative pain is one of the most common
causes of pain with more than 80% of post-operative patients experiencing some degree of and up to 75%
reporting moderate to severe intensity of pain (4). Itis widely acknowledged that undermanaged post-operative
pain can lead to complications such as decreased lung function, sleep disturbances, infection, delayed mobility,
myocardial infarction and increased morbidity and mortality. (5) post-operative pain is a major factor in surgical
recovery. Post-surgical pain that lingers beyond the initial few-week period of tissue healing is a major predictor
of pain chronification which leads to substantial disability. (6)

Sleep disturbance is a common occurrence in post-surgical patients, particularly in those admitted to the
intensive care unit (ICU). Postoperative sleep disturbance occurs due to the complex interactions of numerous
factors many of which can be attenuated. If not managed postoperative sleep disturbance can lead to delayed
recovery and increased morbidity(7). Major surgical trauma is thought to be accompanied by a period of
postoperative immunosuppression which predisposes to infection. The postoperative inflammatory response
causes neuro inflammation is likely that this contributes to the postoperative sleep disturbances that surgical
patients experience(8). The suppression of Rapid Eye Movement (REM) sleep and SWS is greater in major surgery
(gastrostomy) than in minor surgery (hernia repair). Patients who underwent open cholecystectomy had severe
sleep disturbances with decreases in REM and SWS. Pain is the most common cause of night-time postoperative
disturbance. Anesthesia has a minor role in the development of postoperative sleep disturbance. Anesthesia
causes similar postoperative sleep disturbance patterns including decreased REM and SWS with decreased
total sleep time and increased sleep fragmentation regardless of whether the anesthesia is regional or general.
(9) Sleep deprivation causes hyperalgesia in both animals and humans and may impair pain inhibitory
mechanisms implicated in the pathophysiology of chronic pain Increased daytime pain is linked with poor
nighttime sleep and poor sleep is, in turn, associated with augmented next day pain sleep disturbance and
psychosocial distress may both contribute to the exacerbation and spreading of pain over time. (10)

The critical bidirectional relationship between sleep disorders and postoperative pain remains a significant yet
understudied challenge in perioperative care. While the vicious cycle of pain disrupting sleep and poor sleep
amplifying pain is widely acknowledged, its underlying mechanisms are poorly elucidated. Furthermore, clinical
protocols consistently neglect sleep as a modifiable risk factor, managing pain and sleep as separate issues
rather than an interconnected dyad. This gap is exacerbated by the lack of pre-operative screening for sleep
disorders that could identify high-risk patients. Consequently, there is a stark absence of evidence-based,
integrated interventions designed to simultaneously address both problems. This represents a fundamental
missed opportunity to improve surgical recovery and patient outcomes.
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Material and Methods

This review employs a narrative methodology to synthesize the complex and evolving literature on the
bidirectional relationship between sleep disorders and postoperative pain. The relationship between sleep and
pain is multifaceted, involving neurobiological, psychological, and clinical dimensions that are not easily
captured by a rigid, quantitative systematic review. A narrative framework provides the necessary flexibility to
explore mechanismes, identify clinical challenges, and propose integrated management strategies that a more
restrictive methodology might overlook.

The sources of evidence for this review were identified through a targeted search of major scientific databases
(PubMed, google scholar, Embase) for literature published primarily within the last two decades, with seminal
older articles included for historical context. Key materials included systematic reviews, prospective cohort
studies, randomized controlled trials (RCTs), and meta-analyses. Emphasis was placed on studies that provided
mechanistic insights into the pain-sleep cycle (e.g., involving sleep architecture, endogenous analgesia, or
hyperalgesia pathways) or that evaluated clinical outcomes such as pain scores, opioid consumption, sleep
efficiency, and recovery metrics. Cross-disciplinary publications from the fields of anesthesiology, sleep
medicine, psychiatry, and surgery were prioritized to ensure a comprehensive perspective.

To structure the review, evidence was organized around several core themes that emerged from the literature.
These included: (1) the predictive role of pre-existing sleep disturbances on postoperative pain outcomes; (2) the
disruptive impact of acute postoperative pain on sleep quality and architecture; (3) the evidence for a self-
perpetuating, bidirectional cycle; (4) the specific challenges posed by comorbid conditions, notably Obstructive

Sleep Apnea (OSA); and (5) the evaluation of interventions designed to break this cycle. Studies were selected
forinclusion based on their direct relevance to these themes and their contribution to building a logical narrative
on the clinical significance of this relationship.

Sleep is assessed using everything from subjective questionnaires (e.g., Pittsburgh Sleep Quality Index) to
objective polysomnography, while pain is measured with different scales and at varying time points.
Furthermore, many clinical studies are observational, which can establish association but not definitively prove
causation within the bidirectional model. Confounding factors, such as anxiety, depression, and the type of
surgical procedure, are often incompletely controlled.
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Table 1: describes the characteristics and findings of studies included in the review.

Author Epidemio
/Year logy

Xu et Up to 80%

al., of

20241 patients

1) report
moderate
to severe
postopera
tive pain
with
significan
tsleep
disruption
. High
incidence
in specific
populatio
ns
(children,
women,
obese
patients).

Physiologic
al
Mechanism
s
Inflammatio
nis akey

mechanism.

Opioids
disrupt
sleep
architecture
. Sleep
deprivation
impairs pain
modulation
pathways
(neuroimmu
ne, neural,
endocrine).
Stress
response/H
PA axis
dysfunction
lowers pain
threshold.

Sleep
Disorders

Includes
insomnia,
hypersomni
a, circadian
rhythm
disorders,
obstructive
sleep apnea
(OSA), and
decreased
sleep
quality/quan
tity.
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Pain
Management
Challenges

Opioid use can
cause/reveal
sleep-related
breathing
disorders. Pain-
induced sleep loss
exacerbates pain
perception,
reducing analgesic
efficacy and
creating a vicious
cycle.

26

Bidirecti
onal
Relation
ship
Pain
worsens
sleep
quality,
and poor
sleep
exacerba
tes pain
percepti
on,
forming
avicious
cycle
that
impairs
recovery.

Study finding

Integrated
management
is crucial.
ERAS
protocols
emphasize
multimodal
analgesia and
sleep
strategies.
Non-
pharmacologi
cal (music
therapy) and
non-opioid
drugs
(dexmedeto
midine,
melatonin)
are
beneficial.

Clinical Future
Implication Directions
s
Growing Research
research on "breast
interest cancer,"
(1893 "lung
publication cancer,"
s, 2013- "fatigue,"
2023). Hot and
topics: "dexmedeto
OSA, midine."
tonsillecto Deeper
my, investigatio
children, ninto
quality of inflammato
life. ry
Undevelope mechanism
d topics s. Shift from
with viewing
potential: pain/sleep
breast/lung  as separate
cancer, to
fatigue, integrated
dexmedeto  therapeutic
midine, strategies.
postoperati Need for
ve more
analgesia. clinical and
Global animal
collaboratio  studies to
n centered substantiat
around e
USA, China, correlations
Europe.
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Rampe
setal.
(2020)(
9)

Gali et
al.
(2009)(
12)

Kaw et
al.,
2012(1
3)

Common
in post-
surgical
patients,
especially
inICU;
severity
correlates
with
surgery
magnitud
e and
duration.

~4% men,
2%
women
aged 30—
60 have
OSA; 82%
men, 93%
women
undiagno
sed; 24—
27.5% of
surgical
patients
atrisk

High
prevalenc
e of OSA
in surgical
populatio
ns (e.g.,
>30% in
neurosurg
ical, up to
91%in
bariatric).
Associate
d with
comorbidi
ties
(cardiova
scular
disease,
hypertens
ion).

Surgical
inflammator
y response
(cytokines
like TNF, IL-
1, IL-6),
pain,
anesthesia,
anxiety,
environment
al factors
(noise,
light).

Anesthetic/a
nalgesic
agents
reduce
pharyngeal
tone,
depress
ventilatory
response to
hypoxia/hyp
ercapnia

Episodic
hypoxia
leads to
sympathetic
activation,
hemodynam
ic instability.
Chronic
adrenergic
arousal may
cause
down-
regulated
a/B
receptors,
attenuating
response to
vasopressor
S.
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Decreased
total sleep
time, loss of
REM and
SWS, sleep
fragmentati
on.

Obstructive
Sleep Apnea
(OSA)is
primary
sleep
disorder
studied

Focus on
Obstructive
Sleep
Apnoea
(OSA).
Defined by
AHl via PSG,
questionnai
res, or
oximetry.
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Opioids disrupt

sleep

architecture; non-
opioid pain control

still associated

with sleep

disturbance.

Pain-sedation

mismatch (high

pain + high
sedation)

increases risk of
apnea/bradypnea/

desaturation

Patients with OSA

have increased
sensitivity to

opioids, posing a

risk for
postoperative
upper airway

obstruction and

respiratory
depression.

27

Pain
disrupts
sleep;
poor
sleep
increase
s pain
sensitivit
y and
analgesi
ause.

OSA
increase
s
postoper
ative
complic
ations;
postoper
ative
sedation
/sleep
disruptio
n
exacerba
tes OSA

The
study
establish
esa
unidirect
ional
risk: OSA
predispo
ses
patients
to
postoper
ative
complic
ations. A
bidirecti
onal
relations
hip with
painis
not
explored

Delayed
recovery,
longer
hospital stay,
POCD,
delirium,
cardiovascul
ar events,
increased
pain.

Two-step
screening
(preop SACS
+ PACU
events)
identifies
high-risk
patients;
guides
monitoring
level

OSAisa
significant
risk factor for
postoperative
complication
S.
Recommend
s
preoperative
screening
and careful
perioperative
management
, including
potential
CPAP use.

Dexmedeto  More high-
midine, quality
melatonin, RCTs
zolpidem, needed;
and ERAS combinatio
protocols n of
show pharmacolo
promise in gical and
improving non-
sleep and pharmacolo
outcomes. gical
approaches
; integration
into ERAS
protocols.
High SACS Validate
(OR=1.9) with
and polysomno
recurrent graphy;
PACU identify
events other risk
(OR=1.5) factors;
predict ODI develop
>10; high outcome-
SACS based care
(OR=3.5) protocols;
and PACU long-term
events follow-up
(OR=21.0)
predict
respiratory
complicatio
ns
Meta- Confirmatio
analysis of n of findings
13 studies by large
(n=3942). prospective
OSA studies.
significantly ~ Standardiza
increases tion of
odds of definitions
postoperati  for
ve cardiac complicatio
events (OR ns (e.g.,
2.07), acute
respiratory respiratory
failure (OR failure).
2.43), Need for
desaturatio studies on
n(OR2.27), theimpact
and ICU of CPAP
transfer (OR  therapy on
2.81). reducing
postoperati
ve risks.
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Haack
et al.
(2020)(
14)

Niklas
son et
al.
(2025)(
15)

Strutz
etal.,
2019(1
6)

Chronic
pain
highly
comorbid
with poor
sleep;
poor
sleepisa
risk factor
for
developin
g chronic
pain.

~30%
insomnia
symptom
s, 10-20%
insomnia
disorder,
6-17%
moderate
-severe
OSAin
general
populatio
n; higher
in older
surgical
candidate
s

41.1% of
the
surgical
cohort
(n=1441)
were high
risk for
OSA
(STOP-
BANG =5
or prior
diagnosis)
. Overall
postopera
tive
delirium
incidence
was
21.3%.

Opioid,
monoamine
rgic,
orexinergic,
immune,
melatonin,
endocannab
inoid
systems;
HPA axis;
adenosine
and nitric
oxide
signaling.

Sleep loss
pain
sensitivity,
hyperalgesia
; opioids
disrupt
sleep;
melatonin
may have
analgesic
properties;
corticostriat
al
dysfunction
links sleep
loss to pain

Proposed
mechanism:
Chronic
sleep
disruptionin
OSA may
up-regulate
cytokines,
provoking
pain
sensitivity.
Sleep
deprivation
promotes
hyperalgesia

-
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Insomnia,
sleep
fragmentati
on, reduced
sleep
efficiency,
altered
sleep
architecture

Insomnia
(primary
focus), OSA,
poor sleep
continuity,
short sleep
duration

Focus on
Obstructive
Sleep
Apnoea
(OSA).
Classified
by STOP-
BANG score
or prior
diagnosis.
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Opioids disrupt

sleep; NSAIDs
mildly disturb
sleep;

antidepressants

have variable
effects; risk of

opioid-induced

hyperalgesia.

Preop sleep

disturbance >

postop pain

intensity & opioid
use; pain-sedation
mismatch in PACU

Patients with OSA

have increased

susceptibility to
opioid-induced

respiratory
depression,

making safe and

sufficient
analgesia
challenging.

28

Pain
disrupts
sleep;
poor
sleep
increase
s pain
sensitivit
y and
spontan
eous
pain.

Stronger
causal
direction
from
sleep >
pain
than
pain~>
sleep;
preop
sleep
predicts
postop
pain
trajector
y

The
study
investiga
teda
unidirect
ional
relations
hip (OSA
as arisk
factor for
outcome
s). A
bidirecti
onal
cycle
with pain
was not
supporte
d by the
results.

CBT-I
improves
sleep and
pain;
melatonin
and
cannabinoids
show
promise; pre-
op sleep
quality
affects post-
op pain.

Preop sleep
screening;
melatonin/zol
pidem may
help; CBT-I
not yet tested
perioperativel
y

Contrary to
the
hypothesis,
OSA was not
an
independent
risk factor for
delirium or
severe pain.
Key risk
factors were
race,
functional
capacity, age,
and opioid
dose for
delirium; and
midazolam,
opioids, and
MAC-hours
for pain.

Sleep loss Need for
deactivates  high-quality
analgesic RCTs;
systems mechanisti
(opioid, c studies on
dopamine, shared
orexin, pathways;
melatonin) timing of
and medication
activates s to avoid
hyperalgesi sleep
c systems disruption;
(adenosine, longitudinal
NO, studies on
cytokines). cannabinoi
ds.
Meta- Develop
analysis (5 brief sleep
studies, intervention
n=1226): s; test
preop melatonin
insomnia dosing;
symptoms assess
> OR2.69 CPAP
for impacton
moderate- pain; use
severe pain objective
on POD1; sleep
qualitative measures;
support prevent
across 29 chronic
studies pain
After Include
adjustment  detailed
for data on
confounder inpatient
s, high OSA  analgesic
risk regimensin
was not sig future
nificantly models.
associated Investigate
with OSAasa
postoperati continuum
ve delirium of risk
(OR1.34, rather than
p=0.27) or a binary
maximum outcome.
postoperati Focus on
ve pain delirium
severity (B- duration/se
coefficient verity rather
2.82, than just
p=0.28). incidence.
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Waxm
an et
al.
(2020)(
17)

Rabbit
ts et
al.
(2017)(
18)

Pan et
al.
(2025)(
19)

OSA
affects
210% of
men and
3% of
women
>30 years;
surgery is
an option
for CPAP-
intolerant
patients.

~20% of
children
develop
persistent
pain after
major
surgery;
high rates
of
insomnia
symptom
s (45-
68%) up
to4
months
post-
surgery.
21.95% of
adult
intestinal
polypecto
my
patients
develope
d PSD;
higherin
women
(64.8%)
and those
with high
pain
sensitivity
(77.8%).

OSA may
increase
pain
sensitivity
and
decrease
pain
tolerance;
opioids
increase risk
of
respiratory
depression.

Sleep
disruption
may lead to
sympathetic
activation,
increased
stress
response,
inflammatio
n, and
reduced
pain
inhibition.

High pain
sensitivity
linked to
catechol-O-
methyltransf
erase
(COMT)
gene
expression,
elevated
catecholami
nes,
prefrontal
cortex
activation,
and
disrupted
REM sleep.
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Obstructive
Sleep Apnea
(OSA) is the
primary
sleep
disorder
addressed.

High
prevalence
of insomnia
symptoms;
subjective
sleep
quality more
impactful
than
objective
measures
(duration/eff
iciency).

Postoperativ
e sleep
disturbance
(PSD)
characterize
d by
reduced
sleep
efficiency,
increased
awakenings,
longer sleep
latency, and
reduced
deep sleep.
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High postoperative

pain; opioid use
risky due to
respiratory
depression;

NSAIDs feared for

bleeding risk.

Opioid use
common at 2

weeks; subjective

sleep quality

strongly predicts

next-day pain.

High pain
sensitivity
increases PSD

risk; preoperative

sleep problems
exacerbate
postoperative
outcomes.

29

Not
explicitly
discusse
d, but
pain can
disrupt
sleep
and poor
sleep
may
worsen
pain
percepti
on.

Unidirect
ional:
poor
sleep
quality
predicts
next-day
pain, but
pain
does not
predict
subsequ
ent
sleep.

Unidirect
ional:
high pain
sensitivit
y
predicts
PSD, but
PSD’s
effect on
pain
sensitivit
y not
assesse
d.

Multimodal
analgesia
preferred;
local
anesthetics,
NSAIDs,
dexmedetomi
dine,
sucralfate,
and non-
pharmacologi
¢ methods
are effective.

Sleep quality
isa
modifiable
target for
intervention;
screening for
insomnia
may identify
at-risk
children.

Preoperative
screening for
pain
sensitivity
and sleep
quality may
identify high-
risk patients;
targeted
interventions
(e.g., COX-2
inhibitors,
melatonin
agonists)
recommende
d.

Non-opioid Need for
regimens consensus
(NSAIDs, guidelines;
local more RCTs
anesthetics  onnon-
, opioid
dexmedeto strategies;
midine, better pain
sucralfate) assessment
provide tools
effective tailored to
paincontrol  OSA
without patients.
increased
bleeding or
respiratory
risk.
Sleep Larger
quality and samples;
efficiency more
reduced at surgery
2 weeks types;
post- detailed
surgery; medication
returned to tracking;
baselineby  examine
4 months. mediators
Poor sleep (mood,
quality inflammatio
predicted n); validate
greater self-
next-day reported
pain. naps.
High pain Multicenter
sensitivity studies;
(OR=2.789), inclusion of
preoperativ central
e sensitizatio
awakenings n
, and sleep measures;
latency are polysomno
independen  graphy;
tpredictors  personalize
of PSD. d
Combined intervention
model algorithms;
AUC=0.776. validationin
diverse
surgical
populations
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69.1% of
etal. bariatric
(2025)(  surgery
20) patients
develope
d
postopera
tive
hyperalge
sia (POH);
OSA
prevalenc
e highin
obese/me
tabolic
syndrome
patients
(50-60%)
Nearly

Zhong

Nassar
etal. 30% of
(2025)( adults
21) have
sleep
disorders;
prevalenc
e
increases
with age.
Higher
incidence
in spine
patients:
73% in
lumbar
stenosis,
60% in
cervical
radiculop
athy, 75%
in adult
spinal
deformity.

Sleep
disruption >
M cytokines
(TNF-q, IL-
1B, IL-6);
intermittent
hypoxia >
oxidative
stress > HIF-
1ar™->
mitochondri
alROS >
pain
sensitization

Systemic
inflammatio
n (MIL-6,
TNF-a),
impaired
tissue
repair,
hormonal
dysregulatio
n (cortisol,
growth
hormone),
neural
pathway
disruption,
hypoxia
from OSA.
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OSA
characterize
d by sleep
fragmentati
on,
nocturnal
hypoxemia;
assessed
via STOP-
Bang and
AHI

Sleep
apnea,
insomnia,
circadian
rhythm
disorders,
parasomnia
S,
hypersomni
a.
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High OSA risk >
more severe POH;
opioid-induced
hyperalgesia not
primary driver;
PCA avoided due
to respiratory
depression risk

Higher
postoperative
pain, increased
analgesic
dependence,
hyperalgesia,
delayed
rehabilitation.

30

OSA
severity
correlate
s with
POH
severity;
mediate
s effects
of
gender
and BMI
on POH

Poor
sleep
pain
sensitivit
y >
worse
sleep >
vicious
cycle.

Preoperative High OSA Larger PSG-
OSA risk > based
screening POH studies;
(STOP- incidence include
Bang/PSG); (OR 6.43); CSA;
multimodal male, age, assess
analgesia; BMI =35, psychologic
early anti- high al factors;
hyperalgesia baseline long-term
(NSAIDs, pain pain
ketamine) threshold outcomes

also risk

factors
Preoperative Sleep Prospective
screening disturbance studies,
(e.g., STOP- s linked to standardize
Bang), CPAP worse d screening,
therapy, patient- individualiz
multimodal reported ed
analgesia, outcomes, perioperativ
sleep-friendly longer e care,
hospital hospital multidiscipl
environment, stays, inary
patient higher collaboratio
education. complicatio n, novel

ns. sleep-

Resolution focused

of sleep intervention

issues post-  s.

surgery

improves

outcomes.

Conflicting

data on

OSA and

complicatio

ns may

reflect

variable

adoption of

OSA

protocols.
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Wilson

etal. breast

(2024)( cancer

22) patients
perceived
decrease
d PA since
diagnosis;
higher
BMI
associate
d with
lower PA
levels; 1
in3
women
reported
preoperati
ve sleep
disturban
ce.

Cozowi OSA

czet patients

al. are at

(2019)(  higher

23) periopera
tive risk;
181,182
OSA
patients
included
in study
from
2006-
2016
(Premier
Database)

33.5% of

PA
modulates
inflammator
y mediators,
endogenous
opioids,
endocannab
inoids,
serotonin;
sleep
disturbance
mediates
PA-pain
relationship
via central
pain
processing
pathways.

OSA
involves
chronic
respiratory
impairment,
recurrent
apnoea’/hyp
opnea;
opioids and
sedatives
worsen
airway
collapse,
reduce
respiratory
drive and
consciousn
ess
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Preoperative
sleep
disturbance
measured
via PROMIS;
common in
breast
cancer
patients;
mediates
relationship
between
decreased
PA and
postoperativ
e pain.

Obstructive
Sleep
Apnoea
(OSA) is the
primary
sleep
disorder
studied;
postoperativ
e
exacerbatio
n of sleep-
disordered
breathing
occurs
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Perceived
decrease in PA
(not absolute
level) predicts
postoperative
pain; sleep
disturbance
exacerbates pain
management
challenges.

High opioid use
increases
respiratory
depression risk;
OSA patients may
have altered pain
sensitivity and
increased opioid
potency

31

Unidirect
ional
mediatio
n:
decrease
dPA>
sleep
disturba
nce >
postoper
ative
pain.
Sleep
stronger
predictor
of pain
thanvice
versa.

Opioid
use
exacerba
tes OSA
severity
postoper
atively
(e-g.,
increase
d
apnoea-
hypopne
aindex)

Focus on
maintaining/i
ncreasing PA
after
diagnosis
rather than
absolute
levels;
combined PA
and sleep
interventions;
prehabilitatio
n programs.

Multimodal
analgesia
reduces
opioid use,
complication
s, and
resource
utilization in
OSA patients

Perceived RCTs to
decreasein  establish
PA causality;
associated objective PA
with greater measureme
preoperativ nt
e sleep (accelerom
disturbance eters);
and validated
postoperati PA
ve pain; questionnai
sleep res;
disturbance combined
partially exercise-
mediated CBT
this intervention
relationship s;
(b=2.49, personalize
95% CI d
[0.25,6.03]). prehabilitati
on.
Multimodal  Encourage
analgesia simultaneo
associated us use of
with multiple
stepwise non-opioid
reductionin  analgesia
opioid use pathways;
(up to extend
14.9%), research to
mechanical  bariatric
ventilation surgery and
(OR0.23), other high-
criticalcare  OSA-
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The interaction between the sleep disturbances existed before operation and the postoperative pain is not that
of correlation. Existing sleep disorders (e.g., insomnia, low sleep quality, OSA) represent a considerable risk
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factor in terms of having a greater intensity of postoperative pain and larger opioid intake. Such studies as the
meta-analysis conducted by Niklasson et al. (15) concluded that the symptoms of preoperative insomnia
increased the risk of experiencing moderate-to-severe pain on the first postoperative day more than twice. It was
this unidirectional relationship of poor sleep predicting next-day pain but not the reverse that was most evident
in one pediatric study by Rabbitts et al. (18). Besides that, sleep is also another mediator, Waxman et al.(17)
demonstrated that in the case of breast cancer patients, smaller physical activity went hand in hand with sleep
disturbance, and it, in turn, was correlated with higher levels of pain. In the Obstructive Sleep Apnea (OSA)
category, Zhong et al. (20) described it as a powerful predictor of postoperative hyperalgesia, with bad sleep
before surgery being a powerful predictor of pain.

Postoperative Pain Severely Disrupts Sleep Quality

A problem of postoperative pain has far more than a few night awakenings to put into consideration. It can rather
be characterized as a significant attack on the body system of recovery, its sleep architecture, a cyclical system
of light and deep sleep and the REM phase. Pain and the system of stress of the body performs the functions of
alarms and, thus, does not allow the brain to rest and get deep and restful sleep. Marino silent sleep or SWS
cannot go without being very expensive. SWS is the most vital sleep stage to restore energy, tissues and release
growth hormone. It is also catastrophic to the assimilation of the information and to the psychical status because
the softening of the REM sleep is also adverse. Severe, stabbing pain that substitutes much orthopaedics surgery
such as a rotator cuff repair is depicted by the clinical efforts of the doctor, Kim et al. (24) Patients are so afflicted
by the pain that they cannot rest, nor do they sleep longer than a few minutes at a time. The sleep, however, so
bitterly acquired is of a very low and discontinuous kind, and the aim of the recovery is to escape out of this state.

The Bidirectional Relationship

The circle of suffering and sleep is a self-perpetuating, two-lane highway - of counterprove in recuperation. It
begins with the inability to relax watching the painful operation during surgery and being a servant to the others
as tocome and go. This sleep is background to a radical change in an impression of pain whereby the impression
of pain is violently exaggerated, and hyperalgesia takes place. According to Haack et al. (2020)(14) sudden lack
of activity is unfamiliar to the organism and therefore painful since the cascade of macromolecular inflammatory
cytokines is triggered almost concurrently when the pathway of the inhibitory nociceptor is disinhibited. The
good, which is mainly the leader in an outcome, will deteriorate as a patient is recovering out of high pressure
situation. Once this happens, the patient will wake up feeling more rested and needing more analgesics. This
then creates more curiosity of the next evening sleep episode. And the feedback loop is so columnar, especially
when itis patients to patients, sleep disorders, narcolepsy of the slow functional recovery, the dose of the opioids
that would be needed, the increased risk of chronic pain, and the prolonged hospital stay. It is vital, therefore,
that the rationale behind this cycle is deciphered since the development of multitask-based pain management
and sleep management systems could disrupt this cycle, resulting in a better patient outcome. The difficulties
of pain control in a postoperative case are not to be neglected in this case.

Challenges for Postoperative Pain Management

The Obstructive Sleep Apnea (OSA) presents a special issue in the treatment of postoperative pain. It has
untreated pain and the first line corrective act, which exacerbates, is stress, high blood pressure and inhibits
healing. The first approach to the the problem that comes to mind is that of postoperative pain wherein the OSA
patients jump queues of opioid prescription on the grounds of their susceptibility to opioids. Surgical-follow up
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pain management, when the patient has OSA, is also a primary candidate since OSA patients breathe because
the pain is the next. Postoperative pain medication that is primary also emerges as candidates OSA in case the
severe complain is pain. This OSA suffers not alone because of bigger doses pain kill but also. The major issue is
pain medicine, but not surgery. Anyway, the pain sedation issue that is also the receptors, the Gali pain sedation
mismatch, takes centre stage where the patient is experiencing OSA. The centre of this issue is decided by Gali,
weird, as well.

Integrated Management Strategies

Even in a situation, there is always the positive side, and this stem will enable the targeted action and
comprehension. It ceases to be about practices of isolating the aspects of pain and sleep but rather about taking
action plans based on being integrated. Multimodal analgesics with non opioid analgesia (acetaminophen,
NSAIDs, gabapentinoids, centralized local aesthetic) are the pillars of this action to assist in alleviating pain by
addressing multiple mechanisms pain. The measures of Borowicz et al [23] and other illustrated in patients with
OSA come in the progressive reduction of opioid use and consequences of a concentration on above opioid-
sparing Augmented analgesia strategies. Beyond the avoidance of opioids, the sedatives dexmedetomidine and
melatonin are immeasurably valuable due to their sleep inducing and analgesia promoting effects. Furthermore,
CBT-1 techniques are a non-pharmacological intervention, as emphasized by Haack et al. [14] and depicted in
the ERAS protocols, to provide the patient with clinically relevant skills to improve his sleep, thus, contributing
to the sleep-dependent reduction of pain. There is a concerted injection of pain and sleep management ERAS
thatis tiered and promotes the idea that improved sleep is an objective of pain management.

Clinical Implications

First among the actions to be undertaken in clinical practice under the new integrated care models may be the
implementation of sleep screening as a routine pre-operative procedure based on valid measures such as STOP-
Bang to evaluate OSA and Insomnia Severity Index as Niklasson et al. (2025)(15) and Zhong et al. (2025)(20) have
clearly demonstrated that sleep problems before surgery significantly exacerbate pain. CPAP therapy should
also be considered in pre-operative optimization of such patients by pre-treating them with this type of therapy.
Similarly, the possible detriments of opioids in patients with sleep disorders, in particular, OSA, need tighter
standard operating procedures to endorse the concept of opioid sparing in the context of multimodal analgesia.
Cozowicz et al. (2019)(23) are a firm advocate of the fact that this significantly enhances the results. Lastly, in
hospitals, non-pharmacological, such as clustered care, should be set as active measures to alleviate sleep
disruption during rest periods.

Discussion

Disturbance of sleep is a common occurrence after surgery with severe adverse consequences that include
slow-paced recovery, cognitive decline, pain sensitivity, and cardiovascular incidents. Rampes et al study shows
that multifactorial development of postoperative sleep disturbance involves inflammatory response following
surgery, the severity of surgical trauma, pain, anxiety, anesthetic medication and external conditions such as
nocturnal noise and light intensity. In our work, where it can be shown that interdependence of postoperative
pain and sleep is a self-sustaining cycle, which significantly impairs recovery. In order to effectively break this
cycle concerted efforts are required to rule out preoperative sleep disorders, pre and post operative levels of
noise and light that impact the environment and also focus on the quality of sleep and pain management.
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Therefore, the issue of prioritizing sleep health is not a question of sleep but one of the key contributors to a
successful recovery after surgery.

Kifle et al., 2024 showed that Opioid-Sparing Analgesia Pain management, using Multimodal Analgesia methods
along with the use of sleep promotion strategies is significant since sleep disorders adversely impact recovery
(26). Non-pharmacological treatment, such as music therapy or low-dose dexmedetomidine and melatonin, are
good non-opioid pharmacological measures and also These interventions lead to successful pain management,
reduced anxiety, better sleep, and general optimized recovery. Other studies by R. Kaw et al., 2012 indicate that
the outcome of sleep disruption following surgery is adverse. Disturbed and inadequate sleep of patients
significantly increased the risk of prolonged recovery, prolonged hospitalization, postoperative cognitive
impairments, delirium, cardiovascular complications, and pain. R. Kaw et al., 2012 explained that the pain is not
the only determinant of the sleep in postoperative recovery, and sleep disorders particularly obstructive sleep
apnea are complications in postoperative recovery (27). The OSA patients are more susceptible to delayed
recovery, respiratory complications, cardiovascular instability and prolonged stay in hospital. Continuous
positive airway pressure (CPAP) therapy has been suggested as recommended in a few cases to decrease the
poor outcomes and improve surgical recovery. Berezin et al., 2023 found that sleep disorders, such as sleep
apnea, insomnia, disturbances of circadian rhythms, parasomnias and hypersomnia have the potential to have
a profound impact on the outcome of surgical procedures(28). Fadayomi et al., 2018 reveled that Preoperative
screening instruments like STOP-Bang can be used to distinguish those patients who are at risk especially when
it comes to sleep apnea. CPAP therapy can contribute to the prevention of complications in patients with
obstructive sleep apnea and implementation of multimodal analgesia can help to decrease the need of opioid
use that may otherwise intensify sleep disturbance and respiratory complications (29). The current research is
also indicative to the fact that establishing a sleep-friendly hospital environment promotes post-operative
recovery.

The sleep quality and sleep continuity before surgery are poor factors that can predispose acute pain after
surgery and augment analgesic use with adverse recovery repercussions to mental and physical well-being.
Nagappa et al., 2017 conducted a study involving 1226 participants where the moderate to severe symptoms of
preoperative insomnia jointly demonstrated clinical significance of pain on the first day of postoperative day (30).
Pivetta et al., 2022 showed a relatively high level of the symptom relationships between the preoperative
insomnia and disrupted continuity of sleep and worse acute and sub-acute pain management. The risk factor
that can be changed that the state is insomnia where any interventions of sleep before surgery can help manage
postoperative pain (31). In our research it shows that sleep deprivation enhances the sensitivity to pain and that
painfulness disrupts restful sleep. The result of this vicious cycle is further pain in the increased opioid use, and
the extended hospitalization.

Soh et al., 2024 have pointed to multiple comorbidities in relation to the sleep disturbance following post-
operative that include delayed recovery, protracted hospital stays, POCD, delirium, cardiovascular events and
escalation of pain, Cognitive dysfunction, depression and anxiety, chronic pain syndromes, systemic
inflammation, GERD, falls and functional decline. In order to focus on early recovery after the operation, it is
preferable to sleep well in the absence of pain to ensure that a patient recovers fast and returns to normal ADLs
(32).
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Future Directions

Despite growing recognition, significant gaps remain, charting a clear course for future research. A primary need
is for high-quality, randomized controlled trials (RCTs) to test the efficacy of integrated sleep-pain interventions,
such as combining pre-operative cognitive-behavioral therapy for insomnia (CBT-1) with multimodal analgesia.
Future studies must also move beyond subjective sleep measures to incorporate objective data from
polysomnography or wearable devices to precisely quantify sleep architecture and its disruption. Research
should expand into underrepresented surgical populations, such as those with breast or lung cancer, and explore
the therapeutic potential of specific agents like dexmedetomidine. Mechanistic studies are needed to further
elucidate the shared neurobiological pathways, including inflammation, endocrine responses, and central
sensitization, that underlie the bidirectional cycle. large prospective studies are required to develop and validate
outcome-based, personalized care protocols that effectively break the pain-sleep cycle, ultimately improving
recovery and preventing the transition to chronic pain.

Conclusion

The relationship between postoperative pain and sleep is a self-perpetuating cycle that critically impairs
recovery. Poor sleep heightens pain sensitivity, while pain itself disrupts restorative sleep. This vicious cycle
leads to increased suffering, higher opioid use, and longer hospital stays. Effectively breaking this cycle requires
integrated strategies that simultaneously target both pain management and sleep quality. Therefore, prioritizing
sleep health is not just about rest, but a fundamental component of effective surgical recovery.
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