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Study Objectives: To evaluate the association of preoperative sleep pattern with posthysterectomy pain perception and satisfaction with surgery.
Methods:This pilot study includedwomen undergoingminimally invasive hysterectomy for benign conditions. Sleep quality, insomnia severity, and insomnia risk
were assessed pre- and postoperatively via standard questionnaires. Total sleep time, wake after sleep onset, and sleep efficiency were measured before and after
hysterectomy using daily sleep diaries and wrist-worn actigraphy. Pain perception and satisfaction with hysterectomy were assessed postoperatively. Repeated-
measures analysis of variance, Pearson’s correlation, and linear regression were used for analysis.
Results: Twenty women participated; of them 16 had complete data and were analyzed. Total sleep time increased from 384 ± 102 minutes before to 468 ± 96
minutes after surgery (P = .023). Wake after sleep onset, a measure of sleep fragmentation, increased from 26 ± 15.1 minutes before to 52 ± 22.9 minutes after
surgery (P = .014). Pearson’s correlation showed preoperative total sleep time was inversely correlated with postoperative pain intensity (r = –.92, P = .01).
Preoperative wake after sleep onset was positively correlated with postoperative pain intensity (r = .86, P =.008). Preoperative insomnia severity and insomnia
risk were positively associatedwith postoperative pain and pain behaviors (β=0.41,P <.05;β=0.55,P <.01, respectively). Finally, preoperative sleep efficiencywas
positively associated with overall satisfaction with hysterectomy (β = 0.39, P < .05).
Conclusions: Sleep duration and fragmentation increase following hysterectomy. Shorter, more fragmented preoperative sleep is associated with greater
postoperative pain intensity. Better preoperative sleep was associated with more satisfaction after hysterectomy. Further studies are needed to determine if
preoperative sleep interventions such as cognitive behavioral therapy improve pain perception and satisfaction after hysterectomy.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Little is known about sleep as a predictor of posthysterectomy pain. This study aims to evaluate the association of
preoperative sleep pattern with posthysterectomy pain and satisfaction with surgery.
Study Impact: This study demonstrated that shorter, more fragmented preoperative sleep is associated with greater pain intensity and pain behaviors
following hysterectomy while better preoperative sleep was associated with more satisfaction after hysterectomy. Further studies are needed to determine if
preoperative sleep interventions such as cognitive behavioral therapy improve pain perception and satisfaction after hysterectomy.

INTRODUCTION

Hysterectomy is the most frequent non–pregnancy-related major
surgery in reproductive-age women in the United States.1 Al-
though there has been a clear trend toward more utilization of
minimally invasiveapproaches,2 pain afterhysterectomycontinues to
represent a significant clinical problem. In fact, persistent postop-
erative pain after hysterectomy is estimated to affect 5–30% of
patients.3 This is particularly important given the current interest in
Enhanced Recovery After Surgery and the estimated 0.5–5% inci-
dence of new, persistent opioid use after hysterectomy.4,5

Therefore, there is a need for a better understanding of the fac-
tors affecting posthysterectomy pain including new paradigms.

There is evidence suggesting that sleep deprivation impacts
pain perception through central brain mechanisms.6–8 A recent
study published in the Journal ofNeuroscience8 found that sleep
deprivation lowers pain threshold in healthy volunteers. Using
functionalmagnetic resonance imaging, the investigators found
that sleep deprivation amplifies pain reactivity in the primary
somatosensory cortex and induces changes in pain-related brain
activity in the thalamus and anterior and middle insula in ad-
dition to the somatosensory cortex. This association is usually
not limited to the sleep duration but also includes sleep frag-
mentation or disruption. For instance, in 1 study, individuals
with experimentally induced sleep fragmentation over the
course of 2 consecutive nights showed a lower threshold for
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superficial and deep painful stimuli.9 In addition, there is
evidence10,11 suggesting that abnormal sleepmay affect immune
and inflammatory responses,10,11 potentially affecting postop-
erative inflammatory response and healing.

Sleep disturbances are prevalent among women undergoing
hysterectomy.12–14 For example, it was noted that the number of
awakenings increased postoperatively for patients undergoing
both vaginal and abdominal hysterectomy.14 Sleep and related
psychological disturbances are particularly important around
hysterectomy compared with other surgeries as the loss of the
uterus can pose a major psychological trauma to many women.
This likely amplifies the stress, anxiety, and sleep disturbances.

Despite the evidence linking hysterectomy and sleep dis-
turbances, no studies have specifically examined the association
of preoperative sleep pattern with postoperative pain after
hysterectomy. Therefore, we performed this study to examine
the hypothesis that poor preoperative sleep quantity and/or
quality is associated with worse postoperative pain perception
among women undergoing minimally invasive hysterectomy for
benign indications.

METHODS

Study participants
Participants were 20 premenopausal women (>21 years old)
scheduled to undergo minimally invasive (laparoscopic and
vaginal) hysterectomy for benign gynecologic conditions, such
as abnormal uterine bleeding, uterine fibroids, adenomyosis,
and endometriosis. Patients were recruited from The University
of Texas Medical Branch Women’s Healthcare Clinic. Gyne-
cologists identified and counseled patients and obtained in-
formed written consents prior to enrollment. Exclusion criteria
included untreated severe mental health disorder (schizophre-
nia, psychotic disorder, current substance use disorder, bipolar
disorder, suicide attempt, or psychiatric hospitalization in the last
3 years). Of the 20 enrolled women, 4 were not included in
analysis due to incomplete data. The study was approved by The
University of Texas Medical Branch Institutional Review Board.

Procedures
Following initial screening and consent, eligible women were
scheduled for a baseline assessment visit to complete question-
naires on sleep and pain. All participants consented to electronic
medical records access. At the baseline session, participants were
provided with a daily diary to record sleep and pain, as well as
wrist-worn actigraphy to be worn for 7 days prior to surgery.
Following hysterectomy, assessment measures (question-
naires, daily diary, and actigraphy) were repeated. The study
flow chart is shown in Figure S1 in the supplemental material.

Measures

Sleep

Five instruments were used to evaluate sleep.

Consensus Sleep Diary: The Consensus Sleep Diary15 was
used with some adaptation to measure the daily frequency and

severity of sleep disturbances, including 9 core items that query
(1) napping, (2) bedtime (time into bed), (3) lights out (time of first
attempt to sleep), (4) time to fall asleep, (5) number of awakenings,
(6) duration of awakenings, (7) final wake-up time, (8) rise time
(time out of bed), (9) a rating of sleep quality, and an optional space
for writing comments. Daily pain rating was included in the diary.
Participants were given the option to complete the daily sleep diary
electronically using Research Electronic Data Capture (REDCap;
Vanderbilt University, Nashville, TN) or paper format. Participants
were asked to complete sleep diary questions each morning for
7 days before and 7 days following hysterectomy. Items were
averaged over the 7-day period before and following the hyster-
ectomytocreate2 scores for eachvariable (pre- andpostoperative).

Wrist actigraphy:Wrist actigraphy16 was used as an objective
measure of sleep. Women wore an Actiwatch Spectrum Pro
(Respironics, Inc.,Murrysville, PA) on their nondominant wrist
for 7 consecutive days before and7days followinghysterectomy.
Bedtime (time into bed), lights out (time sleep was attempted),
wake time (final wake time), and rise time (time out of bed) were
recorded. Actigraphy data were collected in 30-second epochs
and analyzed with Philips Actiware version 6.0.0 software
(Respironics, Inc., Murrysville, PA). Actiware software uses
validated algorithms that take into account wrist movement in
determining the likelihood of sleep versus wakefulness during
each 30-second epoch.

Variables of interest included the following:

· Wake after sleep onset (WASO), defined as the number of
minutes of wakefulness between actigraphy-defined sleep-
onset time and actigraphy-defined final wake time.

· Total sleep time (TST), defined as the difference between
actigraphy-defined sleep onset and actigraphy-defined final
wake time minus actigraphy-defined WASO.

· Sleep efficiency, calculated using the formula TST
divided by time in bed × 100 (%).

Figure S2 in the supplemental material illustrates examples of
individuals with normal and abnormal sleep patterns (actograms)
in addition to the Actiwatch device used in this study.

Pittsburgh SleepQuality Index:The Pittsburgh Sleep Quality
Index17 is a 10-item and 7-component validated survey in-
strument designed to assess general sleep quality that includes 7
component scores, which are summed to yield 1 global score
from 0 to 21. Participants were asked to rate the quality of their
sleep overall over the past month, using a 4-point scale (0 = very
good and 3 = very bad). Scores ≥5 indicate clinically significant
poor sleep quality.

InsomniaSeverity Index:The Insomnia Severity Index18,19 is a
7-item, validated self-report scale that assesses symptoms of
insomnia. Items are scored on a 0–4 scale to yield a score of 0–
28.Higher scores indicate greater insomnia severity. Scores>10
are consistent with clinical insomnia.

Ford Insomnia Response to Stress Test: The Ford Insomnia
Response toStressTest20 is a 27-item questionnaire (Likert-scale
format) regarding sleep disturbance in response to commonly
experienced stressful situations. Items are scored on a 4-point
scale (1 = not likely and 4 = very likely). Scores ≤15 points
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indicate low risk of insomnia, scores of 16–17 points indicate
moderate risk of insomnia, and scores≥18 points indicate a high
risk of insomnia. The measure has been previously found to be
reliable and valid for measuring insomnia response to stress.20

Pain

Four instruments were used to measure pain.

Patient-Reported Outcomes Measurement Information
System Pain Intensity–Short Form 3a: This instrument was
used to measure pain severity. The Patient-Reported Outcomes
Measurement Information System (PROMIS) is a set of stan-
dardized validated tools developed by the National Institutes of
Health to evaluate health outcomes. The PROMIS pain-intensity
tool includes a small set of pain-severity items that cover average
pain (1 item),worst pain (1 item), andpain right now (1 item).21–23

Response options ranging from 1 to 5 for each item (1 = no pain
and 5 = very severe pain) are calculated into t-scores. These 3
items cover a broad range on the pain-intensity continuum
comparable to a numeric pain-intensity rating scale.

PROMIS Pain Behavior–Short Form 7a: This is a short, 7-
question survey that measures self-reported external manifes-
tations of pain behaviors that typically indicate to others that an
individual is experiencing pain. These actions or reactions can
be verbal or nonverbal; involuntary or deliberate. They include
observable displays (sighing, crying), pain-severity behaviors
(resting, guarding, facial expressions, and asking for help), and
verbal reports of pain. The Pain Behavior Short Form is universal
rather than disease specific. It assesses pain behavior over the past
7days.Responseoptions rangingfrom1to6 foreach item(1=have
no pain and 6 = always have pain) are calculated into t-scores.

Short Form–36: The Short Form–36 is a widely used health-
related quality-of-life questionnaire. Originally, the Short
Form–36 was developed by the Medical Outcome Study by the
RANDCorporation. It contains 36 items designed to measure 8
health concepts, includingphysical functioning, role limitations
due to physical problems, bodily pain, general health perception,
vitality, social functioning, role limitations due to emotional
problems, and mental health. Scores can by calculated by each
domain individually, and raw scores are then combined and
translated to a summary score ranging from 0 to 100. A higher
score indicates better health status in each domain. The measure
was found to be reliable and responsive in measuring symptoms
for many health conditions, including endometriosis.24

Short Form McGill Pain Questionnaire: The Short Form
McGill Pain Questionnaire25 assesses pain using 15 descriptors
(11 sensory and 4 affective). Participants rated pain intensity
from 0 (none) to 3 (severe). Three pain scores were determined
based on the sums of intensity ratings for sensory, affective,
and total descriptors. Higher scores indicate greater affective,
sensory, and total/global pain.

Hysterectomy satisfaction

One instrument was used to evaluate hysterectomy satisfaction.

Treatment Satisfaction Scale: This scale is a 10-question
measure adapted from the Consumer Report’s survey26 that

was provided to patients following hysterectomy. It measures
participants’ perceptions of the treatment’s effectiveness,
benefits, and influence on quality of life (eg, improvements in
work productivity, mood). Questions are measured on a 5-point
Likert scale (1=not at all, and5=verymuch). Thequestionnaire
was adapted by adding “hysterectomy” to several questions to
increase clarity and specificity. A higher score indicated greater
overall satisfaction with the hysterectomy.

Outcome variables and covariates
Primary outcome variables were defined as PROMIS pain in-
tensity for pain and actigraphy TST and WASO for sleep. All
other outcome measures are considered secondary. We used
these secondary measures to further support the findings, avoid any
spurious results, andmake sure there is a consistent pattern. Potential
covariates included demographic and clinical variables. Demo-
graphics (age, education, race/ethnicity),medical history, andcurrent
medications were obtained from the patient’s electronic medical
record and verified with participants. Depression was measured
using the Center for Epidemiological Studies–Depression
Scale27; anxiety was measured using the State Trait Anxiety
Inventory,28 and fatigue was measured using the Multidimen-
sional Fatigue Inventory.29 Associations between potential cova-
riates and primary study outcomes (sleep and pain) were evaluated
using Pearson’s and Spearman correlations. Covariates were
selected based on the potential clinical significance, and as-
sociations with the outcomes were evaluated for inclusion in the
regression with a P < .10 threshold. Age, body mass index,
depression, anxiety, and fatigue were considered as potential
covariatesbutdidnotmeet theP < .10 criterion. Thus, theywerenot
included in subsequent linear regression models of sleep and pain.

Statistical analysis
We first checked data for any missing variables. We then
performed descriptive statistics for demographic and clinical
characteristics of the study population. Repeated-measures
analysis of variance was performed to compare preoperative
with postoperative sleep variables. Prior to analysis of variance,
the data were found to have met assumptions for independence,
normality, and sphericity.We also conducted a series of paired-
sample t tests and found results did not differ.WeusedPearson’s
correlation and simple linear regression to examine the asso-
ciation of preoperative sleep with both postoperative pain and
satisfaction with hysterectomy. This pilot observational study
has a power of >97% to detect a large effect size (correlation
coefficient, r = .8) of the primary outcome (PROMIS post-
hysterectomypain)with a significance level of .05.Modelswere
2-sided at α = 0.05. Covariates were not included in the analysis.
We used SPSS Statistics version 24 (IBMCorporation, Armonk,
NY) and SigmaPlot version 12 (Systat, Inc., San Jose, CA).

RESULTS

Characteristics of study participants
Demographic and operative characteristics of study participants
are presented inTable 1. Participants were, on average, 41 ± 7.3
years old with a body mass index of 30 ± 5.5 kg/m2.
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The sleep diaries were collected for a range of 7–14 days
(mean = 9 days) preoperatively and 7–21 days (mean = 16 days)
postoperatively. Actigraphy was recorded during a range of
5–26 days (mean = 9 days) preoperatively and 5–18 days
(mean = 12 days) postoperatively. Range of days for sleep diary
and actigraphy was based around perioperative gynecology
clinic appointments. Both sleep diary and actigraphy data were
truncated to 7 days immediately prior to and following the
hysterectomy. Questionnaires (eg, Pittsburgh Sleep Quality
Index, PROMIS) were administered electronically via REDCap
survey and completed in a range of 2–23 days (mean =10 days)
prior to and in a range of 9–26 days (mean = 16 days) follow-
ing hysterectomy.

In terms of sleep characteristics, we found that TST increased
after hysterectomy, as did sleep fragmentation and napping time
(Table 2 and Figure S3). Mean actigraphy-assessed TST in-
creased from 6.4 hours before to 7.8 hours after hysterectomy.
MeanWASO, a measure of sleep fragmentation, also increased
from 26minutes before to 52minutes after hysterectomy.Mean
self-reported time spent napping increased from 15 minutes
before to 67 minutes after hysterectomy as reported by daily
sleep diary. Pain characteristics are also presented in Table 2.
As expected, average daily pain ratings increased from 2 (out of
10) before to 4 after hysterectomy and physical functioning
decreased from an average score of 68 before to 49 after hys-
terectomy (P = .031).

Association of preoperative sleep and
posthysterectomy pain
To examine the association of preoperative sleep pattern with
posthysterectomy pain, we performed Pearson’s correlation
and linear regression with findings presented in Table 3
and Figure 1.

TST

Preoperative TST reported in the daily sleep diarywas inversely
correlated with pain behaviors following hysterectomy (r =−.92,
P = .01; Figure 1A). Greater actigraphy-assessed TST prior to
hysterectomy was associated with a lower average daily rating
of worst pain following hysterectomy.

WASO

WASO is a measure of sleep fragmentation. Preoperative
actigraphy-assessed WASO positively correlated with pain
intensity and pain behaviors (r = .86, P = 0.008; Figure 1B).

Insomnia Severity Index

Greater preoperative insomnia severity was associated with
greater postoperative pain behaviors (β = 0.41, P < .05).

Ford Insomnia Response to Stress Test

Preoperative insomnia risk as a response to stresswas positively
associatedwith postoperative pain behaviors (β=0.55,P< .01).

Preoperative sleep and satisfaction
with hysterectomy
To examine the association of preoperative sleep pattern with
satisfaction with hysterectomy, we performed linear regression
modeling with findings presented in Table 4.

Table 1—Demographic and operative characteristics of the
study population.

Values

Age, mean (SD), years 41 (7.3)

Race/ethnicity, n (%)

White 12 (75)

Black 3 (18.8)

Other 1 (6.2)

Hispanic/Latina 4 (25)

Education, n (%)

High school/some college/vocational 8 (50)

College graduate or higher 8 (50)

Marital status, n (%)

Single 4 (25)

Married 8 (50)

Divorced 3 (18.8)

Committed relationship 1 (6.2)

BMI, mean (SD), kg/m2 30 (5.5)

Nicotine use, n (%) 3 (18.8)

Gravidity, mean (SD), n 4 (2.1)

Parity, mean (SD), n 2 (1.5)

Prior abdominal surgery,a n (%) 14 (87.5)

Preoperative diagnosis, n (%)

Pelvic pain 14 (87.5)

Menorrhagia/menometrorrhagia 11 (68.8)

Abnormal uterine bleeding 9 (56)

Stress incontinence 5 (31.3)

Uterine fibroids 4 (25)

Ovarian cysts 2 (12.5)

Endometriosis 1 (6.3)

Dyspareunia 1 (6.3)

Polycystic ovarian syndrome 1 (6.3)

Hysterectomy type, n (%)

Total laparoscopic 9 (56.3)

Total laparoscopic, robotic assisted 4 (25)

Vaginal 2 (12.5)

Laparoscopic assisted total vaginal 1 (6.3)

Oophorectomy performed, n (%) 7 (43.8)

Estimated blood loss, mean (SD), mL 101 (111.4)

Uterine weight, mean (SD), g 187 (99)

Postoperative complications,b n (%) 1 (6.25)

Length of stay, mean (SD), days 0.6 (1)

Sample size: n = 16, BMI = body mass index. aPrevious abdominal
surgeries include tubal ligation, endometriosis surgery, appendectomy,
cesarean section, lysis of abdominall adhesions, hysteroscopy, chole-
cystectomy, myomectomy, and salpingostomy. bPostoperative compli-
cations include failure to void, hemoperitoneum, acute blood loss
anemia, bacterial vaginosis, profuse vaginal bleeding, cuff dehiscence,
hypertensive urgency, urinary tract infection, and surgical meno-
pause symptoms.
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Napping

Greater preoperative report of napping was positively associated
with increased satisfactionwith hysterectomy (β= 0.82,P < .01).

Sleep-onset latency

Shorter preoperative actigraphy-assessed sleep-onset latency
(time to fall asleep) was associated with the higher overall
satisfaction with hysterectomy (β = 0.53, P < .01).

Sleep efficiency

Preoperative actigraphy-assessed sleep efficiency (TST divided
by time in bed) was positively associated with overall satis-
faction with hysterectomy (β = 0.39, P < .05).

Additional results

Three participants reported taking narcotics (acetamino-
phen with hydrocodone), and none reported taking sedative
hypnotics perioperatively.

DISCUSSION

The results of this pilot study show that better preoperative
sleep is associated with less postoperative pain and higher satis
faction with surgery after minimally invasive hysterectomy for
benign conditions.

It is important to appreciate the neuroscience of the sleep–
pain connection. In the Krause et al8 study cited earlier, the
authors also found that the relation between pain and sleep is
bidirectional. Therefore, it is possible that poor sleep, pain, and
stress form a vicious cycle around surgery. Preoperative stress
may lead to sleep deprivation, which may lower pain threshold
increasing pain perception after surgery, which, in turn, further
exaggerates sleep deprivation and so on. Breaking this vicious
cycle may become critical for effective pain control. Unfor-
tunately, it appears that opiates, commonly used postopera-
tively, may be counterproductive as morphine seems to disturb
the normal sleep pattern.30 Specifically, it appears that opiates

Table 2—Sleep and pain characteristics of the study population.

Prehysterectomy Posthysterectomy Pa

Pittsburgh Sleep Quality Indexb 9 (3.4) 8 (2.7) .756

Insomnia Severity Indexb 11 (4.9) 7 (7.2) .068

Sleep diary (self-reported),c minutes

Sleep-onset latencyb 38 (30.3) 33 (37.5) .439

Wake after sleep onsetb 26 (15.1) 52 (22.9) .014

Total sleep timed 390 (60) 420 (72) .073

Naptime duration 15 (11.8) 67 (49.1) .023

Sleep quality (0 = worst, 10 = best)d 5 (1.8) 6 (1.9) .588

Actigraphy (objective)c

Sleep-onset latency,b minutes 42 (41.3) 36 (21.8) .293

Wake after sleep onset,b minutes 52 (25.4) 72 (20.6) .060

Total sleep time,d minutes 384 (102) 468 (96) .023

Sleep efficiency,d % 75 (18.2) 78 (6.8) .324

PROMIS Pain Intensity–3A 56 (6.2) 51 (6.8) .059

PROMIS Pain Behavior–7A 61 (6.1) 62 (6.1) .188

Short Form–36 Physical Functioninge 68 (22.4) 49 (24.7) .031

Daily pain diary ratingc

Average pain (0: none, 10: most severe) 2.2 (1.7) 3.8 (2.0) .050

Worst pain (0: none, 10: most severe) 3.7 (2.8) 5.0 (2.6) .057

Short Form McGill Pain Questionnaire

Affective pain 9.4 (4.2) 7.2 (3.3) .366

Sensory pain 28.3 (6.7) 18.3 (6.7) .018

Total score 37.7 (10.1) 25.5 (9.5) .046

Sample size = 16. Values are presented asmeans (SDs). PROMIS =Patient-ReportedOutcomesMeasurement Information System. aWithin-subjects (pre/post
hysterectomy) differences were assessed using repeated-measures analysis of variance. bLower score/value indicates better sleep for (1) Pittsburgh Sleep
Quality Index, (2) Insomnia Severity Index, (3) sleep-onset latency, and wake after sleep onset (sleep diary/actigraphy). cDaily diary ratings and actigraphy data
were averaged over 7 days immediately prior to hysterectomy for prehysterectomy values and 7 days immediately following hysterectomy for post-
hysterectomy values. dHigher value indicates better sleep for (1) total sleep time (sleep diary/actigraphy), (2) sleep quality (sleep diary), (3) sleep efficiency
(actigraphy). eHigher pain score indicates greater pain for all measures except for Short Form–36 Physical Functioning, where a high score indicates greater
physical functioning.
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disrupt the most restorative stages of sleep, including slow
wave (stage 3 or deep) sleep and rapid eye movement sleep.31

Therefore, there may be a need for an alternative sleep-friendly
pain-management approach, particularly in caseswithpoor sleep.

The findings of our pilot observational study may have
potential clinical and research implications. However, before
making any conclusions or recommendations, larger inter-
ventional studies including randomized controlled trials are
required. This is particularly timely given the current trend

toward outpatient surgeries32 and the recently introduced En-
hanced Recovery After Surgery protocols showing substantial
reduction in opioid use without compromising pain control.33

The inclusion of sleep assessment into the multidisciplinary
approach in these protocols may warrant consideration.

There is evidence that patients undergoing hysterectomy
experience more anxiety and depressive symptoms compared
with other non-hysterectomy gynecologic surgeries.34 In cases
of concomitant bilateral oophorectomy, hormonal changesmay

Table 3—Association (linear regression) between preoperative sleep and postoperative pain.

PROMIS Pain Intensity, β (SE) PROMIS Pain Behavior, β (SE) Pain Diary Worst Pain, β (SE)

Sleep diary (self-reported)

WASO (minutes) 0.16 (5.3) 0.01 (8.8) 0.48 (2.1)

TST (minutes) 0.02 (5.8) 0.91 (2.7)* 0.01 (2.8)

Actigraphy (objective)

WASO (minutes) 0.76 (2.1)** 0.48 (3.2)* 0.44 (2.2)

TST (minutes) 0.01 (4.2) 0.01 (4.5) 0.93 (0.2)*

Insomnia Severity Index score 0.01 (7.4) 0.41 (4.9)* 0.01 (2.9)

Insomnia risk: FIRST score 0.44 (6.4) 0.55 (4.3)** 0.08 (2.9)

*P < .05, **P < .01. FIRST = Ford Insomnia Response to Stress Test; PROMIS = Patient-Reported Outcomes Measurement Information System; TST =
total sleep time; WASO = wake after sleep onset; β = regression coefficient (represents the slope of the linear relation of the predictor variable and the
outcome variable).

Figure 1—Correlation between sleep measures and pain intensity.

(A) Pearson’s correlation between preoperative sleep duration (sleep diary total sleep time) and postoperative pain intensity (PROMIS Pain Intensity
form 3A) showing an inverse relation (r = −.92, P =.01). (B)Pearson’s correlation between preoperative sleep fragmentation (actigraphyWASO) and postopera
tive pain intensity (PROMIS Pain Intensity form 3A) showing a positive relation (r = .86, P = .008). PROMIS = Patient-Reported Outcomes Measurement
Information System; WASO = wake after sleep onset.

Table 4—Association (linear regression) between preoperative sleep and satisfaction with hysterectomy.

Satisfied with Procedure,
β (SE)

Helpful in Alleviating
Symptoms, β (SE)

Helpful in Treating Pain,
β (SE)

Overall Treatment
Satisfaction, β (SE)

Sleep diary (self-reported)

Naps (minutes) 0.82 (0.24)** 0.71 (0.35)* 0.71 (0.33)* 0.1 (9.2)

Actigraphy (objective)

Sleep-onset latency 0.08 (0.78) 0.13 (0.75) 0.19 (0.52) 0.53 (2.47)**

Sleep efficiency 0.05 (0.80) 0.1 (0.76) 0.14 (0.54) 0.39 (6.2)*

*P < .05, **P < .01. β = regression coefficient (represents the slope of the linear relation of the predictor variable and the outcome variable).
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additionally impact mood, anxiety, and sleep as the relation
between menopause and sleep disorders is well established.35,36

This study has some strengths. First, the examination of sleep
before hysterectomy as a potential predictor for postoperative
pain is novel. In addition, the multidisciplinary nature of the
study integrates gynecology, pain, and sleep domains. Fur-
thermore, sleep was evaluated both by self-report and actig-
raphy. In addition, we adopted standardized, validated tools to
evaluate sleep, pain, and satisfaction including the Consensus
Sleep Diary, actigraphy, Pittsburgh Sleep Quality Index,
PROMIS pain forms, andTreatment Satisfaction Scale.We also
followed the STROBE (Strengthening the Reporting of Ob-
servational Studies in Epidemiology) statement guidelines.37

To minimize heterogeneity, we included only minimally in-
vasive hysterectomies for benign indications, as malignancy is
known to impact sleep and pain in a variety ofways.38 Similarly,
open cases are usually associated with a different pain pattern.
Therefore, we excluded cancer and open cases to minimize
potential confounders.

The findings of this study may have been impacted by some
limitations. The number of participants is small, which may
affect certain aspects of the statistical analysis including re-
gression analysis. Therefore, we did not perform subgroup
analyses, such as stratifying by the surgical indication, prior
surgeries, length of surgery, or other covariates. However,
this study was designed as a pilot observational study to prove
the feasibility of future large-scale studies that require greater
funding. These large studies can also explore potential con-
founding, mediating, and moderating variables. Another limi-
tation is the short-term time frame in which sleep was assessed,
both before and after surgery. Therefore, it is important to take
into account the potential immediate effects of surgery on sleep
disruption when analyzing the results of this study. Longer
preoperative sleep and pain assessment can provide insights on
the baseline sleep and pain prior to potential stress-induced
disruptions. Similarly, longer postoperative sleep and pain
assessments can uncover possible residual sleep and/or
pain disruptions beyond the immediate postoperative pe-
riod. In addition, we used a large number of sleep- and pain-
assessment tools in this study. Our goal was to evaluate the
same parameter in several ways to avoid spurious results. In
retrospect, this may have caused extra work for patients and
may have contributed to the lower number of cases with
complete data. Last, the descriptive nature of the study pre-
cludes causal inferences; hence, randomized controlled trials
to evaluate the impact of sleep-directed interventions on
postoperative pain are necessary for further understanding of
these relationships.

In conclusion, this study shows that preoperative sleep
correlates with posthysterectomy pain and satisfaction. Larger
studies and randomized controlled trials are needed to examine
the effects of sleep interventions, such as cognitive behavioral
therapy on pain perception. Additional studies can also ex-
amine open cases and further examine the impact of sleep on
other operative outcomes, such as length of hospital stay
and opioid use. Mechanistic studies can further elucidate the
neuroscience behind the association of preoperative sleep and
postoperative pain.

ABBREVIATIONS

PROMIS, Patient-Reported Outcomes Measurement
Information System

TST, total sleep time
WASO, wake after sleep onset
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