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Objective: Postoperative sleep disturbance after surgery is not conducive to the recovery of patients. The purpose of this study was to
determine the influence of the timing of surgery (morning vs afternoon) on the postoperative sleep quality of elderly patients and to
analyze the relationship between the timing of surgery and the change in the melatonin level.

Methods: Sixty patients who received hip surgery were randomly assigned to the Morning Group (Group M) or the Afternoon Group
(Group A). The sleep quality was assessed by the Richards—Campbell Sleep Questionnaire. Before and after surgery, the nocturnal
urine was collected over a 12-h period, and the 6-sulfatoxymelatonin concentration was measured. Also, the incidence of postoperative
delirium (POD) was observed.

Results: On the first and second nights after surgery, the sleep quality scores of the patients in Group A were greater than those in
Group M, and there was no difference in the sleep quality scores between the two groups on the third night after surgery (P=0.000,
P=0.002, P>0.05, respectively). In addition, the urine 6-sulphatoxymelatonin concentration was found to be greater in Group A than in
Group M on the first night of surgery (P=0.00). Both the postoperative sleep quality scores and urine 6-sulphatoxymelatonin
concentration were significantly less than those before surgery (P=0.00, P=0.00).

Conclusion: The postoperative sleep quality scores and melatonin levels of elderly patients who received hip surgery under general
anesthesia were significantly less than those of the patients before surgery. Furthermore, the short-term sleep quality of the patients
who received surgery in the afternoon was better than that of the patients who received surgery in the morning. This difference may be
related to the short-term change of the melatonin level after surgery.
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Background

A regular circadian rhythm is critical to maintain a stable physiological status.! For older adults, circadian rhythm is
considered to play a crucial role to regulate sleep quality and duration, which is associated with cognitive function
change.” Several studies have demonstrated that surgery and anesthesia can disrupt the normal circadian rhythm and
cause postoperative sleep disturbance,®* and the potential mechanism of this phenomenon still needs to be further
clarified.

The central pacemaker in the suprachiasmatic nucleus (SCN) is associated with the organization of the circadian
rhythm.> Melatonin, a hormone released from the pineal gland after receiving the signal from SCN, plays a crucial role in
regulating the sleep-awake cycle.® Several studies have indicated that anesthesia and surgery have an impact on the
perioperative melatonin level.”* Tt seems can be speculated that the change of melatonin is one of the potential

mechanisms of perioperative circadian rhythm sleep-wake disorder. General anesthesia is also considered to be an
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independent risk factor for postoperative sleep disturbances, leading to a significant reduction in rapid eye movement
sleep, which in turn causes circadian rhythm asynchrony.’ The unconsciousness induced by general anesthesia is a non-
physiological process similar to natural sleep. Buxton et al have reported that taking a nap in the morning results in
a delay of both the melatonin and thyroid-stimulating hormone peak levels, thereby impairing the normal circadian
rhythm.'® Therefore, the timing of general anesthesia may also have an impact on postoperative sleep disturbance.

Besides the impact of surgery and anesthesia, the time of day of the surgery also has been reported to influence the
recovery of patients.'"'? So, we hypothesize that postoperative sleep quality and melatonin levels would be greater in
patients who underwent surgery in the afternoon than in those who underwent surgery in the morning.

We conducted the current study to investigate the influence of the timing of the surgery (morning vs afternoon) on the
postoperative sleep quality of elderly patients who received hip surgery and to analyze the relationship between the
timing of the surgery and the change in the melatonin level. Also, the incidence of postoperative delirium (POD) was
observed.

Methods

Ethical Approval and Patient Eligibility Criteria

The Ethical Committee of our hospital approved this study (PJ2020-17-17) on December 17, 2020. Written informed
consent was obtained from all patients prior to study enrolment. This study was also registered with the Chinese Clinical
Trial Register (ChiCTR2100046773).

Patients undergoing hip surgery who were 65 years or older were included in this study. All of these patients were classified
as American Society of Anesthesiologists (ASA) physical health class II to III. Patients were excluded from this study if they
met any of the following criteria: Patients who refused to be included in this study, patients with mental or language barriers,
patients with infections and renal insufficiency, patients who had been anesthetized within the past 30 days, patients who
needed to receive surgeries for both hips, and patients with preoperative sleep disorders such as insomnia, obstructive sleep
apnea, restless legs syndrome, etc. In addition, patients exhibiting cognitive impairment (ie, a Mini-Mental State Examination
score <24) and/or preoperative delirium (ie, a positive Confusion Assessment Method result) were excluded.

Study Protocol

Demographic information, medications, and comorbidities were recorded for each patient. The cardiac function was
assessed by the New York Heart Association classification (class [-1V), according to the patient’s activity tolerance.
Class I is unrestricted physical activity, meaning that normal physical activity does not cause excessive fatigue,
palpitations, or difficulty breathing in the patients. Class II is mild limitation of physical activity, meaning that the
patient is comfortable at rest, but general physical activity can cause fatigue, palpitations, or difficulty breathing. Grade
III is markedly limited physical activity, meaning that the patient is comfortable at rest, but less-than-usual activity can
lead to fatigue, palpitations, or difficulty breathing. Class IV is the inability to perform any physical activity without
discomfort, meaning that the patients experience symptoms of cardiac insufficiency at rest, and any physical activity will
increase discomfort. The preoperative sleep quality was assessed by the Richards Campbell Sleep Questionnaire (RCSQ)
and the Pittsburgh Sleep Quality Index (PSQI),'*'* In addition, the Mini-Mental State Examination and Confusion
Assessment Method results were collected for all patients on the day before surgery.'> Moreover, to assess the risk of
POD, the Inouye risk assessment was also performed for all patients.'® A total of 60 participants were randomly divided
into the following two groups with computer-generated numbers placed in opaque, sealed envelopes: Patients whose
surgeries started after 8:00 am and finished before 12:00 pm (Morning group, Group M); and patients whose surgeries
started after 1:00 pm (Afternoon group, Group A). The randomization was done by the chief resident of the orthopedic
surgery department who was blinded to this study.

On the day of surgery, after the patients arrived in the operating room, the patient characteristics, including invasive arterial
pressure, pulse oximetry, and 5-lead electrocardiography, were monitored. All patients underwent bispectral index monitoring
(BIS, Vista, Aspect Medical System Inc., USA) to determine the depth of sedation. To reduce the consumption of opioids and
to provide sufficient postoperative analgesia, an ultrasound-guided iliac fascia block (30 mL of 0.375% ropivacaine) was
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applied to all patients. All patients received general anesthesia after the iliac fascia block, anesthesia induction was completed
by an intravenous sufentanil bolus (0.2 pg/kg), a target-controlled infusion of propofol was carried out to keep the BIS
between 40 and 60, and a bolus of rocuronium (0.6 mg/kg) was administered to facilitate tracheal intubation. Remifentanil was
infused at a rate of 0.05-0.15 pg/kg/min to provide intraoperative analgesia. Then sufentanil at 0.3 pg/kg and 0.1 pg/kg was
administered at 5 min before the onset of the operation and at 30 min before the end of the operation, respectively. During the
operation, rocuronium was also used as needed. A laryngeal mask (LMA Supreme, Laryngeal Mask Company Limited,
Malaysia) was used for airway management, and all patients tolerated the operation well as the muscle relaxant rocuronium
was used. The consumption amounts of sufentanil and propofol during the operation were recorded. Intraoperative hypoten-
sion, defined as a decrease in systolic blood pressure greater than 30% from preoperative values and/or a systolic blood
pressure less than 90 mmHg, was treated immediately by a bolus infusion of phenylephrine.

After surgery, all patients recovered in the Postanesthesia Unit and were transferred to the Inpatient Ward when they
achieved a Steward score greater than 4. An oral analgesic (tramadol hydrochloride sustained-release tablet) was also
provided to patients who required extra analgesia.

Postoperative Sleep Quality and POD Assessment

The postoperative sleep quality was assessed by the RCSQ assessment, and the score obtained on the first day after
surgery was set as the primary endpoint investigated in this study. One trained nurse in our department who was blinded
to this study conducted the RCSQ on the first three days after surgery. The incidence of POD within three days after
surgery was also recorded by the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition;'” this evaluation
was performed by another trained nurse who was also blinded to this study. Postoperative complications within 30 days
were also recorded.

Nocturnal Urine Collection and 6-Sulphatoxymelatonin (6-SMT) Measurement
Nocturnal urine was collected by the duty nurses who were blinded to this study. The collections were between §:00 pm
and 8:00 am during the night before surgery and the first and second nights after surgery. To protect the urine from light,
the uric bags were covered with black plastic bags. After the total volume in 12 h was recorded, one tube containing
a 2-mL sample was collected and frozen at —20°C for later analysis. The concentrations of 6-SMT, the stable metabolite
of melatonin, was measured by an enzyme-linked immunosorbent assay (IBL, Hamburg, Germany), in duplicate.'® Effect
size (ES) calculations were used to compare the degree of melatonin changes in each group after and before surgery.'”
The larger the ES value, the greater the degree of change.

Sample Size and Statistical Analyses

A pilot study in which 20 patients were randomly assigned to Group A or Group M was conducted. The mean RCSQ
average scores of Group A on the first postoperative day were 50.2, and the mean RCSQ average scores of Group M on
the first postoperative day were 34.8, with a standard deviation of 16.5. It was determined that a sample size of 28
patients in each group would provide 95% power with a two-sided a of 5% to detect differences in the mean scores
between the two groups, as calculated with PASS 11.0 software (NCSS, LLC, Kaysville, UT, USA). Therefore, we
increased the sample size to 30 patients per group in the current study to account for the possibility that patients might be
lost to follow up.

Continuous variables were presented as the mean and variance or median and inter-quartile range. Categorical
variables were expressed as frequencies. The distribution of continuous variables was analyzed by the Kolmogorov—
Smirnov normality test. Continuous data were compared using an independent-samples #-test and Manne Whitney U-test
as appropriate. Categorical data were compared using Pearson’s chi-square tests or Fisher’s exact test as appropriate. The
independent -test was used to compare RCSQ scores between the groups, and the Mann—Whitney Rank Sum Test was
used to compare the concentration of urine 6-SMT between the groups. Based on the two-tailed probability, significance
was considered when P <0.05. A post hoc analysis of the differences between Group A and Group M was performed
using a multivariable linear regression analysis for potential confounders. All statistical analyses were done using SPSS
version 16 software (IBM Corp., Armonk, NY, U.S.A.).
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Results

From June 2021 to December 2021, of the 95 patients who were screened for the study, 35 patients were excluded: 28
failed to meet the inclusion criteria, 5 refused to participate, and 2 were unable to consent. During the postoperative
follow-up period, no patients were lost to follow-up. A total of 60 patients were included in the final analysis (Figure 1).
Demographic characteristics did not differ between the two groups (Table 1).

The sleep quality scores of the patients in Group A were lower on the first night after surgery than before surgery, and
there was no difference in the sleep quality scores on the second and third days after surgery compared with those before
surgery (P=0.003). Meanwhile, the sleep quality scores of the patients in Group M were lower on the first three nights
after surgery than those before surgery (P=0.000, P=0.000, P=0.003, respectively). As shown in Figure 2, on the first
and second nights after surgery, the sleep quality scores of the patients in Group A were greater than those in Group M,
and there was no difference in the sleep quality scores between the two groups on the third night after surgery (P=0.033,
P=0.011, P>0.05). After adjusting for the consumption of propofol, postoperative pain score, and duration of surgery by

[ Enrollment ] Assessed for eligibility (n=95)

Excluded (n=35)

+ Not meeting inclusion criteria (n=28)
+ Declined to participate (n=5)

+ Other reasons (n=2)

A 4

Randomized (n= 30)

4 [ Allocation ] v
Allocated to intervention (n=30) Allocated to intervention (n=30)
+ Received allocated intervention (n=30) + Received allocated intervention (n=30)
+ Did not receive allocated intervention (give «+ Did not receive allocated intervention (give
reasons) (n=0) reasons) (n=0)
v [ Follow-Up ] v
AN J
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons) (n=0)
v [ Analysis ] v
Analysed (n=30) Analysed (n=30)
+ Excluded from analysis (give reasons) (n=0) + Excluded from analysis (give reasons) (n=0)

Figure | The CONSORT flowchart.
Notes: Adapted from: Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised

Trials. PLoS Med. 2010;7(3):e1000251.3” Copyright: © 2010 Schulz et al. Creative Commons Attribution License (https:/creativecommons.org/licenses/by/4.0/legalcode).
https://journals.plos.org/plosmedicine/article?id=10.137 | /journal.pmed.1000251.
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Table | Demographic Characteristics of Patients

Group A Group M p value

ASA grade 3(23) 3(23) 0.54
Age (years) 71 (69.3,73) 68 (66,72) 0.16
BMI (kg/m?) 24.1+3.4 25.5+3.3 0.13
Cardiac function grade 2 (1,2) 2 (22) 0.35
Gender, male/female (n) 8/22 12/18 0.27
Comorbidities (n)

Hypertension(%) 12 (40) 19 (63) 0.07
Diabetes(%) 3 (10) 3 (10) 1.00
MMSE baseline 26 (24,27) 25 (24,26) 0.21
Inouye risk, 2 (1,2) I (1,2) 0.38
Preoperative RCSQ 66 (64,70) 68 (64,68) 0.65
Preoperative PSQI 8 (7,8) 8 (6,9) 0.90

Notes: Values are expressed as mean+SD, median (interquartile range [IQR]), and frequency (%).

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; MMSE, Mini-Mental State
Examination; Inouye risk ranges from | to 3, and the higher the level, the higher the risk; RCSQ, Richards-Campbell
Sleep Questionnaire; PSQI, Pittsburgh Sleep Quality Index; Group M, Group morning; Group A, Group afternoon.

multiple linear regression, the patients undergoing surgery in the afternoon were independently associated with a higher
sleep quality score on the first postoperative night (beta coefficient=—0.29, P=0.03). The five parts of the RCSQ were
calculated separately to discover differences between the groups. On the first night after surgery, the sleep latency score
in Group A was greater than that in Group M, and there was no difference in the other four items between the two groups
(P=0.002). On the second night after surgery, the scores of sleep depth, sleep latency, and awakenings in Group A were
greater than those in Group M, and there was no difference between the two groups for the other two items (P=0.016,
P=0.004, P=0.041, respectively). On the third night after surgery, the scores of sleep depth and sleep latency in Group
A were greater than those in Group M, and there was no difference for the other three items between the two groups
(P=0.049, P=0.028, respectively). There was no difference in the noise intensity score between the two groups in the first
three nights after surgery (all P>0.05).

As shown in Table 2, there were no differences in intraoperative consumption of propofol or remifentanil, or duration
of surgery or anesthesia between the two groups (all P>0.05). The times of eye-opening, extubation, and Postanesthesia
Unit stay did not differ between the two groups (all P>0.05). In addition, there were no differences in the pain scores
within 24, 48, or 72 h after surgery or in the consumption of opioids within 72 h after surgery between the two groups (all
P>0.05). Moreover, there was no difference in the incidence of POD or postoperative complications within 30 days
between the two groups (P>0.05).

-o- Group A
-+ Group M

RCSQ scores

20+

T T T T
DAY O DAY 1 DAY2 DAY 3

Figure 2 Comparison of RCSQ scores before surgery and within three days after surgery between the two groups.

Notes: *Significant difference (P<0.05) between Group A and Group M. Data are presented as mean plus/minus standard deviation. DAYO, before surgery; DAY |, first day
after surgery; DAY2, second day after surgery; DAY3, third day after surgery.

Abbreviations: RCSQ, Richards-Campbell Sleep Questionnaire; Group A, Group afternoon; Group M, Group morning.
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Table 2 Intraoperative and Postoperative Data for the 2 Anesthetic Groups

Group A Group M p value

Propofol dose(mg) 359.7£1125 413.0+108.4 0.07
Remifentanil dose(ng) 349.5+191.8 361.3£190.9 0.8l
Duration of surgery(min) 80.2+26.4 92.5%27.5 0.08
Duration of anesthesia(min) 102.1+26.3 114.0+29.5 0.31
Recovery time(min) 14 (9, 18.3) 9 (9 14) 0.15
Extubation time(min) 15 (10, 19.3) 10 (10, 15) 0.19
Duration of PACU stay(min) 37.5 (30, 54.3) 32.5 (30, 44.3) 0.11
Crystal infusion(mL) 600 (600, 1100) 1100 (600, 1100) 0.19
Colloid infusion(mL) 500 (0, 500) 0 (0, 500) 0.07
Postoperative pain score, (NRS)

24h 2 (2,3) 2 (1.25,2.75) 0.28
48h 2 (1.25,2) 2(2,3) 0.13
72h 2(2,3) 2(2,3) 0.88
Tramadol consumption 72 hours after surgery (mg) 150 (25,300) 100 (100,300) 0.83
Postoperative delirium, n (%) 3 (10) 5 (16.7) 0.45
Postoperative complications in 30 days n (%) 6 (20) 7 (23.3) 0.75

Notes: Values are expressed as meanSD, frequency (%), and median (interquartile range [IQR]). Postoperative complications included
acute renal failure, pulmonary infection, congestive heart failure, myocardial infarction, pulmonary embolus or deep venous thrombosis,
and cerebrovascular disease or wound infection.
Abbreviations: Group M, Group morning; Group A, Group afternoon, PACU, postanesthesia care unit, NRS, numerical rating scale
scores.

The preoperative and postoperative total nocturnal excretion levels of urinary 6-SMT over 12 h in patients are shown

in Figure 3 and Table 3. The postoperative total urinary excretion of 6-SMT for the two groups of patients was

significantly less than that before surgery (all P<0.05). For the night before surgery and the second night after surgery,

no significant differences were found in the total urinary excretion of 6-SMT between Group M and Group A. However,

the total urinary excretion of 6-SMT was found to be greater in Group A than in Group M on the first night after surgery

(P=0.00). ES calculation showed that the 6-SMT concentration of both groups on the first and second day after surgery

was significantly lower than that before surgery. The decrease in melatonin concentration in Group A was lower than that

in Group M on the second day after surgery (Table 4). After adjusting for the consumption of propofol, postoperative

pain score, and duration of surgery by multiple linear regression, the patients who underwent surgery in the afternoon

were independently associated with a greater total urinary excretion of 6-SMT on the first postoperative night (beta
coefficient=—0.33, P=0.01).

60

40_ *

20

Urine excretion of 6-SMT (ug/12h)

T T T
DAY O DAY 1 DAY 2

-o—- GroupA
-= Group M

Figure 3 Comparison between groups of urinary excretion of 6-SMT during the night before surgery, and the first and second postoperative nights.
Notes: *Significant difference (P<0.05) between Group A and Group M. Data are expressed as the median and interquartile range. DAYO, before surgery; DAY, first day
after surgery; DAY2, second day after surgery.

Abbreviations: 6-SMT, 6-sulphatoxymelatonin; Group A, Group afternoon; Group M, Group morning.
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Table 3 The Concentration of 6-SMT Before and Two Days After Surgery for the 2 Anesthetic

Groups
6-SMT Group A Group M Median Difference (95% CI) P value
Do 28.9 (20.6,44.7) 24.5 (19.3,39.6) 4.1 (-3.0,11.9) 0.25
DI 19.3 (12.6,24.0) 9.4 (6.9,14.1) 8.1 (3.8,12.5) 0.00%*
D2 19.4 (14.6,28.7) 15.9 (10.2,22.1) 35 (-1.1,9.1) 0.17

Note: Values are expressed as median (interquartile range [IQR]) *P < 0.05.
Abbreviations: 6-SMT, 6-sulphatoxymelatonin; DO, before surgery; DI, first day after surgery; D2, second day after surgery;
Group M, Group morning; Group A, Group afternoon;95% Cl, 95% confidence interval.

Table 4 The 6-SMT Concentration of Patients in Each Group Changes Over Time

DO-DI DO-DI D0-D2 D0-D2 DI-D2 DI-D2
Group A M A M A M
ES d d d d d d
6-SMT ~0.84 ~1.08 -0.92 -0.83 0.02 038
95% ClI ~1.37 ~1.62 ~1.46 -1.36 -0.49 -0.13
-0.32 ~0.54 -0.39 -0.30 0.52 0.89

Abbreviations: 6-SMT, 6-sulphatoxymelatonin; DO, before surgery; DI, first day after surgery; D2, second day after surgery; Group A,
Group afternoon; Group M, Group morning; ES, effect size; 95% ClI, 95% confidence interval.

Discussion
High-quality sleep is essential for maintaining the physical and mental health of normal people, and the incidence of
postoperative sleep disturbance is very high in major surgery and elderly patients.’® Postoperative sleep disturbance
could seriously affect the neurocognitive function of patients, and even worsen the outcomes of patients.>' A study on
knee surgery demonstrated that patients developed sleep disturbance for up to a month after surgery, which seriously
affected the recovery of motor function.?? In our study, patients in both groups exhibited postoperative sleep disturbance,
which is consistent with the previous studies. Existing evidence indicated aging is a potential factor associated with
postoperative sleep disturbance, as for elderly patients, it could be difficult to adjust their sleep habits as the environment
changed.” Anesthesia is also considered a factor leading to postoperative sleep disturbance, and the large use of opioids
during general anesthesia may be one of the important reasons.** For the patients included in this study, an iliac fascia
block was performed to reduce opioid use; however, this effort is not considered to be sufficient to improve the
postoperative sleep quality of patients, as surgical trauma is an important and unavoidable risk factor of postoperative
sleep disturbance.”®

Melatonin is the crucial hormone involved in regulating sleep rhythm.® The secretion of melatonin exhibited an
obvious circadian rhythm feature.?® Under the influence of light, the secretion was inhibited during the day and increased
significantly at night. And regulating the impulse and firing frequency of SCN through the MT1 and MT2, which are
high-affinity G protein coupled receptors and widely distributed in the suprachiasmatic nucleus of hypothalamus, is the
biological mechanism of melatonin participating in the regulation of sleep.?” 6-SMT, the metabolite of melatonin, has
been demonstrated to be a reliable humoral index to reflect the change of endogenous melatonin.'® Surgery can lead to
changes in melatonin level.”* In a study of patients who received non-cardiac surgery, it was found that 6-SMT in urine
decreased significantly after surgery.'® And the effect of surgery on melatonin is mainly manifested in the decrease of
night/day secretion ratio.”® In our study, whether the patients underwent surgery in the morning or afternoon, the level of
6-SMT in nocturnal urine decreased significantly after surgery. Based on this evidence, the change in melatonin level
induced by surgery might be a potential neuroendocrine mechanism causing postoperative sleep disturbance. Some
factors might have an influence on the secretion of melatonin after surgery in the two groups of patients. In terms of
external factors, both strong light and -blockers can reduce the secretion of endogenous melatonin. The patients in this
study spent their evenings under artificial light in the hospital, so the influence of external environmental factors related
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to the hospital can be ignored. On the other hand, neither group of patients took B-blockers. Propofol dose, duration of
surgery, and postoperative pain score also had potential effects on postoperative melatonin secretion in patients.” ! In
our study, the propofol dose, and duration of surgery were balanced between the two groups, so the influence of the
above-mentioned factors was negligible for our conclusions. Postoperative pain and circadian rhythm are bidirectionally
affected. Poor postoperative pain control can promote postoperative sleep disturbance in patients. However, Cronin et al
reported that the occurrence of postoperative sleep disturbances in patients undergoing abdominal surgery was not
associated with well-controlled pain. In our study, postoperative pain was effectively controlled in both groups.
Therefore, the effect of postoperative pain on postoperative melatonin secretion in our study was subtle.

The impact of circadian rhythm on surgical outcomes has been investigated in previous studies. For example,
Montaigne et al performed a single-center propensity matched cohort study and a randomized study at the same time
to determine the influence of the timing of surgery on the incidence of perioperative myocardial injury. The results of
both two studies indicated afternoon surgery might provide perioperative myocardial protection and lead to improved
patient outcomes compared with morning surgery.!' It seems that the timing of surgery can influence the outcomes of
surgical patients. In our study, we compared the influence of surgical procedures performed at different times of the day
(morning vs afternoon) on the postoperative sleep quality of patients who received hip surgery. Our study suggested that
elderly patients undergoing hip surgery in the afternoon had a better postoperative sleep quality than those undergoing
surgery in the morning. For healthy people who do not undergo surgery, a daytime nap potentially affects their circadian
rhythm and melatonin secretion. A previous study has found that taking a nap in the morning results in a delay of both
peak melatonin and thyroid-stimulating hormone levels, thereby impairing the normal circadian rhythm. By contrast,
taking a nap in the afternoon had no influence on the melatonin secretion.'® In our study, the total urinary excretion of
6-SMT during the first postoperative night was found to be greater in patients who received surgery in the afternoon,
indicating that the short time of general anesthesia performed in the patients in our study potentially had a similar
influence on the circadian rhythm as a daytime nap. The change in endogenous melatonin level, which is reflected by the
urinary excretion of 6-SMT, could be the reason why elderly patients undergoing hip surgery in the afternoon obtained
better postoperative sleep quality than patients undergoing hip surgery in the morning. A previously published study also
compared the effects of the timing of surgery under general anesthesia on postoperative sleep quality in patients; the
results demonstrated that the patients who received surgery in the morning (8 am to noon) had a better postoperative
sleep quality than those who underwent surgery in the night (6 pm to 10 pm).'? This study mainly compared surgeries
performed in the morning and evening, while our study compared the effect of morning or afternoon surgery on
postoperative sleep quality. In addition, different from our results, their results suggest that night surgery can lead to
differences in intraoperative anesthetics consumption and postoperative pain and may contribute to the difference in
postoperative sleep quality. In our study, the decreased endogenous melatonin secretion level might be the mechanism of
the decreased postoperative sleep quality scores. Several studies have also confirmed that the use of exogenous melatonin
can improve sleep quality.®” Therefore, according to the results of the current study, the addition of exogenous melatonin
to patients who are expected to undergo surgery in the morning may help improve their postoperative sleep quality.
Future studies of the effect of adding exogenous melatonin to patients undergoing morning surgery may be needed.

Sleep-wake cycle and circadian rhythm disorder are the typical characteristics of POD, and a lack of synchronization
between the sleep-wake cycle and melatonin secretion can impair postoperative neurocognitive function.*® The results
from a study of noncardiac surgical patients have demonstrated that the proportion of nocturnal sleep awakening in the
total sleep time of patients with POD was significantly greater than that of patients without POD.?* In addition, another
study has reported that the melatonin levels in patients with POD are significantly less than those in patients without
delirium.*® Moreover, the exogenous application of melatonin has been proven to improve the neurocognitive function of
surgical patients and patients hospitalized in the Intensive Care Unit.>® Our results also suggest that postoperative
melatonin level and/or sleep quality may influent postoperative cognitive function, although it did not reach a significant
difference. In our study, five patients who received surgery in the morning developed POD, while only three patients who
received surgery in the afternoon developed POD.

There are some limitations in our study. We failed to observe the change of postoperative sleep quality in the long
term as the sleep quality of the patients was only monitored for three days after surgery. The difference in postoperative
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sleep quality disappeared on the third day after surgery, and the difference in the level of 6-SMT only exist on the first
night after surgery, which indicated the influence of daytime variation on the postoperative sleep quality and melatonin
level was transient. The change of postoperative sleep quality was the primary outcome we want to observe in the
current study, which lead to the small sample size, and is probably the reason for the failure to obtain significant
differences in postoperative neurocognitive function. In the future, a multicenter randomized study with a large sample
size needs to be conducted to investigate the impact of the timing of surgery on postoperative neurocognitive function in
elderly patients.

In conclusion, the postoperative sleep quality scores and melatonin levels of elderly patients who received hip surgery
under general anesthesia were significantly less than those of the patients before surgery. Furthermore, the short-term
sleep quality of the patients who received surgery in the afternoon was better than that of the patients who received
surgery in the morning. This difference may be related to the short-term change of the melatonin level after surgery.

Registration
This work was registered at the Chinese Clinical Trial Register (ChiCTR2100046773).

Data Sharing Statement
Individual deidentified participant data can be obtained from the corresponding author with approval from the corre-
sponding author within three years of publication, as can the published main results as well as the study protocol.
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