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Purpose: Postoperative sleep disturbance, characterized by diminished postoperative sleep quality, is a risk factor for postoperative 
delirium (POD); however, the association between pre-existing sleep disturbance and POD remains unclear. This study aimed to 
evaluate the association between preoperative sleep disturbance and POD in elderly patients after non-cardiac surgery.
Patients and methods: This retrospective cohort study was conducted at a single center and enrolled 489 elderly patients who 
underwent surgery between May 1, 2020, and March 31, 2021. Patients were divided into the sleep disorder (SD) and non-sleep 
disorder (NSD) groups according to the occurrence of one or more symptoms of insomnia within one month or sleep- Numerical 
Rating Scale (NRS)≥6 before surgery. The primary outcome was the incidence of POD. Propensity score matching analysis was 
performed between the two groups. Multiple logistic regression analysis was performed to identify the risk factors for POD.
Results: In both the unmatched cohort (16.0% vs 6.7%, P=0.003) and the matched cohort (17.0% vs 6.2%, P=0.023), the incidence of 
POD was higher in the SD group than in the NSD group. In addition, the postoperative sleep quality and the VAS score at 
postoperative 24 h were significantly lower in the SD group than in the NSD group. Multivariate logistic regression analysis indicated 
that age (Odds Ratio, 1.13 [95% CI: 1.04–1.23], P=0.003) and preoperative sleep disturbance (Odds Ratio, 3.03 [95% CI: 1.09–9.52], 
P=0.034) were independent risk factors for the development of POD.
Conclusion: The incidence of POD was higher in patients with pre-existing sleep disturbance than those without it. Whether 
improving sleep quality for preoperative sleep disturbance may help prevent POD remains to be determined.
Keywords: sleep disturbances, postoperative delirium, postoperative sleep quality, postoperative pain, anesthesia

Introduction
Postoperative delirium (POD) is an acute brain dysfunction syndrome characterized by fluctuating disturbances of 
consciousness, concentration, cognitive function, and perception.1,2 Elderly patients are particularly susceptible to 
developing POD after surgery due to the presence of major chronic comorbid conditions and a decreased physiological 
reserve to handle the stress of surgery.3,4 The incidence of POD varies considerably depending on the patient population 
and surgical type, ranging from 15–25% in elective surgeries to as high as 50–60% in high-risk emergency surgeries.5 

While a significant proportion of healthcare professionals perceive delirium patients as agitated, it is noteworthy that 
hyperactive delirium only accounts for a quarter of such cases. The remaining majority present with hypoactive or 
“quiet” delirium.6–8 Hypoactive delirium, associated with a less favorable prognosis, may be underdiagnosed due to its 
less conspicuous presentation.9,10 The manifestations of delirium span a spectrum from mild to extremely severe, with an 
observed correlation between increased severity and poorer outcomes.1,6–8
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POD is associated with worse perioperative outcomes including prolonged hospitalization, functional decline in 
activities of daily living, persistent cognitive impairment, dementia, and increased hospital readmission and shortened 
overall survival.11,12 POD develops as a result of a complex interaction between the patient’s baseline vulnerability, 
which refers to their predisposing risk factors before hospitalization, and precipitating factors or insults, which are events 
that occur during hospitalization, such as anesthesia and surgery. Some identified susceptibility factors include advanced 
age, symptoms of cognitive impairment or dementia, and preexisting comorbidities. Sleep disorders, in particular, has 
frequently been cited as an important potential etiological factor associated with the development of POD.13–17

Sleep disturbance, especially sleep fragmentation, and poor sleep quality are commonly observed in older adults. 
According to recent studies, a prevalence rate ranging from 15% to 72% of patients has been reported to suffer from sleep 
disturbance after surgery under general anesthesia, which featured by sleep deprivation, circadian rhythm disruption, and 
abnormal sleep architecture.18,19 Postoperative sleep disturbance was often attributed to multiple factors, including surgery- 
related stress and inflammation, pain, high-dose opioids, and environmental aspects such as noise, light, and patient care 
procedures.20,21 Patients who previously experienced sleep disturbance are more likely to experience lower quality of sleep 
and are more prone to severe sleep disturbances following surgery.22 Presently, investigations concentrate mainly on the 
effects of postoperative sleep quality in relation to clinical outcomes, whereas studies regarding preoperative sleep 
disturbance or interruptions primarily center on acute or chronic pain following surgery and postoperative functional 
rehabilitation.23–26 The link between preoperative sleep disturbance and postoperative delirium is not clearly understood.

Therefore, we designed a retrospective cohort study to investigate the association between preoperative sleep 
disturbance and POD in elderly patients. We hypothesized that patients with sleep disturbance before surgery would 
be at increased risk of POD, accompanied by decreased postoperative sleep quality and increased postoperative pain.

Methods
Study Design and Patient Selection
Using electronic medical records from the First Affiliated Hospital of Guangxi Medical University, this retrospective 
study examined the association between preoperative sleep disturbance and POD in elderly patients who underwent 
elective surgery from May 1, 2020, to March 31, 2021. The study data included both structured and unstructured patient 
information from the hospital’s medical system and anesthesia follow-up system. The Ethics Committee of the First 
Affiliated Hospital of Guangxi Medical University approved the study protocol (ethical number: 2019 KEY-E-115), 
which followed the STROBE guidelines.27 The study was conducted in accordance with the Helsinki Declaration, patient 
data confidentiality was ensured, and written informed consent was waived since this was a retrospective review based on 
the hospital’s electronic medical records. Inclusion criteria included age during 65 to 90 years and ASA (American 
Society of Anesthesiologists) class I~IV elective general anesthesia surgery patients, and patients were excluded for 
cardiac and neurosurgery, severe sleep disorders requiring preoperative hypnotic drugs, a history of restless leg 
syndrome, periodic limb movement disorder, or obstructive sleep apnea, psychiatric or neurology diagnoses of dementia 
or Alzheimer’s disease, and consciousness disorders. The types of surgery were classified based on the surgical site into 
the following categories: general, orthopedic, and urological surgeries.

Preoperative and Intraoperative Data Collection
Patients were categorized into two groups based on their preoperative sleep quality: the Sleep Disturbance group 
(SD) and the Non-Sleep Disturbance group (NSD). The categorization was based on the presence of one or more 
symptoms of insomnia such as difficulty in falling asleep, shallow sleep, and early awakening within one month 
before surgery, and a preoperative visit sleep quality Numerical Rating Scale (NRS) score (0 representing the best 
possible sleep and 10 the worst; NRS≥6 indicate poor sleep quality).28–30 In addition to patient grouping, we 
collected demographic details such as gender, age, BMI, preoperative comorbidities, smoking and drinking status, 
educational level, cognitive function status, and emotional and physical status from the electronic medical record 
and anesthesia visit system. Upon entering the operating room, routine monitoring including blood pressure, heart 
rate, pulse oximetry was initiated for all patients. Pertinent intraoperative data such as surgery time, blood loss, 
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hypotension episode, administration of opioid drugs (fentanyl equivalent doses for various opioids) were recorded. 
Additionally, we noted whether patients received nerve blockade or a dexmedetomidine infusion during surgery.

Postoperative Follow-Up Data Collection
POD was identified using postoperative follow-up data because no specific International Statistical Classification 
of Diseases and Related Health Problems (ICD) code exists for this condition. All patients were assessed for POD 
for 7 days after surgery using the Confusion Assessment Method (CAM).31 The CAM assessments were performed 
by a structured interviewing twice daily (morning between 9:00 and 11:00 a.m., and afternoon between 3:00 and 
5:00 p.m.) for 7 postoperative days. The CAM assessment was developed as a screening instrument based on 
operationalization of Diagnostic and Statistical Manual of Mental Disorders (DSM)-III-R criteria for use by non- 
psychiatric clinicians. The tool’s algorithm consists of four clinical criteria: acute onset with a fluctuating course, 
inattention, disorganized thinking, and altered level of consciousness. The determination of delirium requires that 
both the first and second criterion be present, and either the third or fourth criterion must also be evident. We 
defined the occurrence of delirium as the patient meeting CAM criteria for delirium on any of the seven 
postoperative day assessments. In addition, assessors also reviewed the unstructured information for POD in 
medical records, and interviewed their families for evidence of suspicion of delirium including confusion, 
agitation, hallucinations, delusions and sedation during assessments.

To evaluate the subjective sleep quality of patients on the 1st, 2nd, and 3rd postoperative nights, we utilized the 
Numeric Rating Scale (NRS), an 11-point rating system (0 representing the best possible sleep and 10 the worst). 
Furthermore, the Visual Analog Scale (VAS) was used to evaluate the postoperative pain intensity of patients 24 hours 
after surgery, where “0” means no pain and “10” implies unbearable pain. If the VAS score was over 4 within 24 hours 
post-surgery, rescue analgesia with flurbiprofen was prescribed, and the need for rescue analgesia was noted.

Statistical Analysis
Descriptive statistics were presented as mean (standard deviation) or median (interquartile range) for continuous 
variables, and as counts (percentages) for categorical variables. Based on preoperative assessments, patients were 
divided into the Sleep Disturbance (SD) and Non-Sleep Disturbance (NSD) groups. Missing data were addressed 
using the multiple imputation method implemented in SPSS statistical software. The normality and skewness of 
continuous variables were assessed using Kolmogorov–Smirnov tests, and differences between the SD and NSD 
groups were compared using one-way ANOVA or Mann–Whitney tests as appropriate. Categorical variables were 
compared between groups using chi-square tests. The relative risks and 95% confidence intervals for postoperative 
outcomes were calculated. All data were analyzed using SPSS 22.0 and R statistical software. A two-tailed P value 
less than 0.05 was considered statistically significant.

Considering potential differences in baseline data between the SD and NSD groups, we also performed a propensity score 
analysis to further explore the association between preoperative sleep disturbance and POD. Propensity scores for all baseline 
variables were calculated using logistic regression, taking into account the demographic and clinical characteristics men-
tioned above. We performed a 1:1 nearest neighbor matching with a caliper value of 0.1. After matching, appropriate 
statistical tests were used to compare clinical outcomes between the two groups. Adjusting for age, gender, education level, 
preoperative cognitive impairment and frailty, intraoperative use of dexmedetomidine, surgical type, and intraoperative 
hypotension, multivariate logistic regression was used to evaluate the effect of preoperative sleep disturbance on delirium. 
Comparisons of baseline data and outcomes between the two groups were also performed as a non-matched cohort.

Results
A total of 14,409 patients who underwent elective surgery under general anesthesia at the First Affiliated Hospital of Guangxi 
Medical University from May 1, 2020 to March 31, 2021 were reviewed based on the electronic medical record and anesthesia 
follow-up system. Of these, 489 met the inclusion criteria, and 108 patients had missing preoperative or intraoperative data and 
could not be included in the study analysis. Ultimately, 381 patients were included in the final analysis.
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Baseline Data
Demographic and preoperative data for all included patients are presented in Table 1. In the unmatched cohort, we 
identified 128 patients in the SD group and compared them with 253 patients in the NSD group. In the matched cohort, 
the analysis compared 96 patients in each of the SD and NSD groups (Table 1). The sleep NRS score on preoperative 
visit was significant difference between two groups (4.0±0.9 vs 7.6±0.9, P<0.001), but the result was not presented 
because it was not a matched variable. As shown in Table 1, the SMD (Standardized Mean Difference) was significantly 
reduced after matching, indicating that propensity score matching effectively improved the balance of covariates between 
the two groups. This improvement in balance made the comparison of two groups more reliable, as the potential impact 
of confounding factors was minimized.

Table 1 Baseline Characteristics Before and After Matching

Variables Level Before Matching After Matching

NSD SD SMDΔ NSD SD SMDΔ

N 253 128 96 96

Agea 71.85 (5.65) 72.64 (6.35) 0.125 71.50 (5.68) 72.08 (6.32) 0.092

Genderb Male 139 (54.9) 78 (60.9) 0.123 48 (50.0) 53 (55.2) 0.107
Female 114 (45.1) 50 (39.1) 48 (50.0) 43 (44.8)

BMIa 22.91 (3.53) 23.34 (4.19) 0.103 23.48 (3.58) 23.20 (3.38) −0.068

Smokeb Yes 52 (20.6) 32 (25.0) 0.103 18 (18.8) 22 (22.9) 0.096
No 201 (79.4) 96 (75.0) 78 (81.2) 74 (77.1)

Drinkb Yes 53 (20.9) 22 (17.2) −0.100 12 (12.5) 17 (17.7) 0.138

No 200 (79.1) 106 (82.8) 84 (87.5) 79 (82.3)
ASAb II 183 (72.3) 88 (68.8) −0.077 71 (74.0) 70 (72.9) −0.022

III 67 (26.5) 37 (28.9) 0.053 24 (25.0) 25 (26.0) 0.023
IV 3 (1.2) 3 (2.3) 0.077 1 (1.0) 1 (1.0) 0.000

Educationb ≤6 127 (50.2) 66 (51.6) 0.027 50 (52.1) 52 (54.2) 0.042

6~12 81 (32.0) 36 (28.1) −0.087 24 (25.0) 24 (25.0) 0.000
>12 45 (17.8) 26 (20.3) 0.063 22 (22.9) 20 (20.8) −0.052

Cognitive. 

impairmentb
Yes 32 (12.6) 21 (16.4) 0.101 12 (12.5) 14 (14.6) 0.056

No 221 (87.4) 107 (83.6) 84 (87.5) 82 (85.4)

Coronary b Yes 12 (4.7) 22 (17.2) 0.330 8 (8.3) 8 (8.3) 0.000

No 241 (95.3) 106 (82.8) 88 (91.7) 88 (91.7)
Cerebrovascularb Yes 8 (3.2) 8 (6.2) 0.128 5 (5.2) 5 (5.2) 0.000

No 245 (96.8) 120 (93.8) 91 (94.8) 91 (94.8)

Diabetesb Yes 28 (11.1) 23 (18.0) 0.180 11 (11.5) 13 (13.5) 0.054
No 225 (88.9) 105 (82.0) 85 (88.5) 83 (86.5)

COPDb Yes 13 (5.1) 6 (4.7) −0.021 4 (4.2) 4 (4.2) 0.000

No 240 (94.9) 122 (95.3) 92 (95.8) 92 (95.8)
Anxietyb Yes 59 (23.3) 70 (54.7) 0.630 39 (40.6) 40 (41.7) 0.021

No 194 (76.7) 58 (45.3) 57 (59.4) 56 (58.3)

Frailtyb Yes 51 (20.2) 19 (14.8) −0.149 17 (17.7) 14 (14.6) −0.088
No 202 (79.8) 109 (85.2) 79 (82.3) 82 (85.4)

Surgeryb Orthopedics 80 (31.6) 49 (38.3) 0.137 42 (43.8) 42 (43.8) 0.000

General 131 (51.8) 33 (25.8) −0.594 30 (31.2) 31 (32.3) 0.024
Urinary 42 (16.6) 46 (35.9) 0.403 24 (25.0) 23 (24.0) −0.022

Notes: aMedian (Standardized Difference), bNumber (%), ΔStandardized Mean Difference. Cognitive impairment was defined as the 
Minimum Mental State Examination (MMSE) score of ≤20 with education≤6, MMSE score of ≤24 with education>6. Anxiety was defined 
as the General Anxiety Disorder-7 (GAD-7) score>4. Frailty was defined as the FRAIL Score>2. 
Abbreviations: SD, sleep disturbance group; NSD, non-sleep disturbance group; BMI, Body Mass Index; ASA, American Society of 
Anesthesiology; COPD, Chronic Obstructive Pulmonary Disease.
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Intraoperative Data
Intraoperative data are presented in Table 2. In the unmatched cohort, the patients in the SD group presented 
a significantly shorter surgery time (126.0 vs 145.0, P=0.04), a lower incidence of peripheral nerve block usage 
(21.1% vs 35.4%, P<0.01), and fewer consumption of fentanyl during surgery compared to patients in the NSD group 
(0.5 vs 1.2, P=0.01). After matching, no significant differences were found between the NSD and SD groups with respect 
to intraoperative variables.

Comparisons of Outcomes Between the SD and NSD Groups
The outcomes of the SD and NSD groups before and after matching were presented in Table 3. The incidence of POD on 
the postoperative 7 days was significantly higher in the SD group compared to the NSD group in the unmatched cohort 
(16.0% vs 6.7%, P=0.003). The odds ratio for the SD group was 2.72 (95% CI: 1.38 to 5.37) compared to the NSD group. 
Additionally, the postoperative sleep quality score of the SD group was higher on the first and second postoperative days 
than that of the NSD group (3.8±1.66 vs 4.4±1.87, P<0.001; 3.4±1.68 vs 3.8±1.55, P=0.014, respectively), but was not 
different on the third day (3.0±1.63 vs 3.1±1.51, P=0.469). Moreover, postoperative pain, as assessed by the VAS score, was 

Table 2 Intraoperative Clinical Data Before and After Matching

Characteristics Level Before Matching After Matching

NSD N=253 SD N=128 P NSD N=96 SD N=96 P

Surgery timea (min) 145.0 

(96.3,211.0)

126.0 

(87.4,181.2)

0.04 119.0 (87.0, 

183.5)

126.5 

(90.0,191.0)

0.51

Bleedinga (mL) 50.0 

(30.0,200.0)

100.0 

(30.0,200.0)

0.06 100.0 

(45.0,200.0)

100.0 

(30.0,200.0)

0.34

Dexmedetomidineb Yes 86(34) 39 (30.5) 0.49 29 (30.2%) 33 (34.4%) 0.64
No 167 (66) 89 (69.5) 67 (69.8%) 63 (64.6%)

Anesthesiab General 163 (64.6) 101 (78.9) <0.01 70 (72.9%) 75 (75.0%) 0.87

General and 
PNB

90 (35.4) 27 (21.1) 26 (27.1%) 24 (25.0%)

Hypotensionb Yes 183 (72.3) 95 (74.2) 0.70 72 (75.0%) 69 (71.9%) 0.74
No 70 (27.7) 33 (25.8) 24 (25.0%) 27 (28.1%)

Fentanyl consumptiona (mg) 1.2 (0.3,1.3) 0.5 (0.2,1.2) 0.01 1.1 (0.2,1.2) 1.1 (0.3,1.4) 0.26

Notes: aMedian (interquartile range), bNumber (%). 
Abbreviations: SD, sleep disturbance group; NSD, non-sleep disturbance group; PNB, Peripheral nerve block.

Table 3 Outcomes Between SD and NSD Groups Before and After Matching

Various Unmatched P Matched P

SD(N=128) NSD(N=253) SD(N=96) NSD(N=96)

PODa 21(16%) 17(6.7%) 0.003 16(17%) 6(6.2%) 0.023

PSQ-1b 4.4(1.87) 3.8(1.66) <0.001 4.4(1.99) 3.9(1.56) 0.03

PSQ-2b 3.8(1.55) 3.4(1.68) 0.014 3.9(1.61) 3.4(1.70) 0.031

PSQ-3b 3.1(1.51) 3.0(1.63) 0.469 3.3(1.53) 2.9(1.63) 0.093

VASb 3.8(1.56) 3.1(1.66) <0.001 3.8(1.62) 3.1(1.51) 0.002

Rescue analgesiaa 48(38%) 96(38%) 0.93 39(41%) 32(33%) 0.30

Notes: aNumber (%), bMean (Standardized Difference). 
Abbreviations: SD, sleep disturbance group; NSD, non-sleep disturbance group; POD, postoperative delirium, PSQ-1, post-
operative sleep quality on day 1, PSQ-2, postoperative sleep quality on day 2; PSQ-3, postoperative sleep quality on day 3; VAS: 
Visual Analogue Scale for Pain Intensity.
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found to be significantly higher in the SD group than in the NSD group (3.8±1.56 vs 3.1±1.66, P<0.001), with no significant 
difference in the percentage of rescue analgesia needed between the two groups after surgery (38% vs 38%, P=0.93).

The compared of the clinical outcomes of two groups after matching were also performed. Compared to the NSD 
group, the incidence of POD on the 7 days remained significantly higher in the SD group (17.0% vs 6.2%, P=0.023) 
(Figure 1), the odds ratio of the SD group was 3.0 (95% CI: 1.12 to 8.04). As shown in Figure 2, the postoperative sleep 
quality score on the first and second postoperative days was significantly higher in the SD group than that in the NSD 
group (4.4±1.99 vs 3.9±1.56, P=0.03; 3.9±1.61 vs 3.4±1.70, P=0.031, respectively), while there was no difference on the 
third day (3.3±1.53 vs 2.9±1.63, P=0.093). Likewise, the VAS score on postoperative 24 h among the SD group was 
significantly higher than the NSD group (3.8±1.62 vs 3.1±1.51, P=0.002) (Figure 3). However, the proportions of patients 
needing rescue analgesia after surgery were similar between the two groups (41% vs 33%, P=0.30).

Independent Risk Factors for POD
Multivariate logistic regression analysis in Figure 4 indicated that age (OR 1.13, 95% CI: 1.04 to 1.23) and preoperative 
sleep disturbance (OR 3.03, 95% CI: 1.09 to 9.25) were significantly associated with the development of POD. Therefore, 
age and preoperative sleep disturbance were found to be independent risk factors for POD in this particular cohort.

Figure 1 The incidence of POD in group SD and group NSD after matching. 
Abbreviations: SD, sleep disturbance group; NSD, non-sleep disturbance group; POD, postoperative delirium.

Figure 2 The PSQ-NRS score on postoperative day 1, 2 and 3 in group SD and group NSD after matching. 
Note: *P<0.05. 
Abbreviations: SD, sleep disturbance group; NSD, non-sleep disturbance group; PSQ, postoperative sleep quality.
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Figure 3 The VAS score on postoperative 24 h in group SD and group NSD after matching. 
Abbreviations: SD, sleep disturbance group; NSD, non-sleep disturbance group; VAS, Visual Analog Scale for Pain Intensity.

Figure 4 Multivariable logistic regression analysis: risk factor for POD. 
Notes: Cognitive impairment was defined as the Minimum Mental State Examination (MMSE) score of ≤20 with education≤6, MMSE score of ≤24 with education>6. Anxiety 
was defined as the General Anxiety Disorder-7 (GAD-7) score>4. Frailty was defined as the FRAIL Score>2. PNB: Peripheral nerve block. 
Abbreviations: SD, sleep disturbance group; NSD, non-sleep disturbance group; POD, postoperative delirium; CI, confidence interval.
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Discussion
This retrospective cohort study demonstrates that patients with preoperative sleep disturbance have a markedly increased 
likelihood of developing POD subsequent to general anesthesia surgery when compared to patients without sleep 
disturbance. Multivariate logistic regression analysis revealed that even after adjusting related covariates before and 
during surgery, sleep disturbance remained an independent risk factor for the occurrence of POD. Furthermore, 
preoperative sleep disturbance was associated with higher levels of postoperative pain and reduced sleep quality during 
the first three days following surgery. In summary, our findings underlined the correlation between preoperative sleep 
disturbance, the presence of POD, diminished postoperative sleep quality, and perioperative pain management.

Accumulating evidence suggests that sleep disturbances are associated with impairments in spatial memory, verbal 
fluency, attention, and executive function.32–35 Specifically, sleep disturbance was associated with poor cognitive 
performances and lower volumes of grey matter,36 and the grey matter atrophy in the medial prefrontal cortex (mPFC) 
is associated with impairment of hippocampal-dependent memory in the elderly.37 In addition, the deposition of Aβ 
protein in the hippocampus38,39 and increases the ratio of p-tau/total tau,40 which are considered to be related to the 
occurrence of postoperative cognitive dysfunction,41 have been reported to be related to sleep deprivation. Circadian 
rhythm disturbances, such as suppression, fragmentation, and delayed acrophase of the 24-hour daily rest-activity 
rhythms, are features of sleep disturbance that are associated with delirium risk. Delirium cases with suppressed rhythms 
are more likely to progress to dementia.42,43

Meta-analyses reported sleep disturbance to be a predictor of POD.14,44 However, many of the included studies were 
conducted on patients with pre-existing obstructive sleep apnea,45–47 it is important to note that obstructive sleep apnea has 
been demonstrated to increase the risk of POD.48 Consequently, sleep disturbances are anticipated in these patients due to the 
pathophysiology of obstructive sleep apnea. In contrast to these previous studies, our current findings may differ because we 
excluded patients with a known history of obstructive sleep apnea. Additionally, it’s worth mentioning that many past studies 
have primarily focused on evaluating sleep post-surgery.49,50

In our study, we assessed the preoperative sleep quality of patients using the sleep-NRS, which was a subjective 
measures of sleep quality. In our study, we observed that postoperative sleep quality scores on the first and second 
postoperative days were significantly higher in the SD group compared to the NSD group. While our findings reveal 
a statistically significant difference of 0.5 on the NRS, it’s imperative to recognize the potential limitations regarding its 
clinical significance, particularly within the context of a scale ranging from 1 to 10. Such a modest change may not 
necessarily equate to meaningful clinical implications. It is paramount to exercise caution when interpreting statistical 
significance, particularly in the absence of clear clinical relevance, especially when dealing with subjective measures 
such as the NRS. Clinicians should weigh various factors beyond statistical findings when making informed decisions 
about patient care in real-world clinical settings.

We found that patients with poor sleep quality (NRS≥6) had a higher incidence of POD than those with good sleep 
quality. However, we should note that the impact of different sleep characteristics on POD. Our study only focused on the 
association between insomnia symptoms and POD, and whether the sleep latency, sleep duration, and daytime dysfunction 
has significantly or not correlated with POD did not been examined. Indeed, the study conduct by Ulsa MC et al has 
demonstrated that poor sleep burden and worsening trajectory were associated with increased risk for delirium.51 These 
results suggest that promotion of sleep health may be important for the surgical patients who were susceptibility to delirium.

Although no definitive conclusions can be reached, it is hypothesized that preoperative sleep disturbances may 
contribute to the development of POD and exacerbate long-term cognitive impairment after discharge.52,53 The present 
study appears to corroborate this hypothesis since preoperative sleep disturbance significantly increase the incidence of 
postoperative delirium among elderly patients (17.0% vs 6.2%). Indeed, peri-operative sleep disturbance have been 
shown to be associated with postoperative cognitive function.54–56 According to a study by Todd et al, patients with 
preexisting sleep disturbance were significantly more likely to develop POD than those without sleep disturbance (RR 
3.90, 95% CI: 2.14 to 7.11).52 Evans et al identified insufficient sleep on the first night after surgery as an early predictor 
of secondary delirium.57 Concurrently, it has been demonstrated that improving sleep quality in elderly patients can 
decrease the risk of POD, lending further support to the view that sleep may play a disruptive role in the development of 
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POD.58 Regarding the relationship between perioperative sleep disturbance and POD, we propose a bidirectional effect 
rather than a definitive causal relationship.

In our study, we discovered that 33.6% of patients had preoperative sleep disturbance, indicating that sleep disturbances 
are prevalent in elderly patients prior to surgery. This implies that enhancing preoperative sleep quality may be an effective 
approach for preventing POD. Currently, the prevention and treatment of sleep disturbance mainly consist of various non- 
pharmacological interventions59–65 and pharmacological treatments, including benzodiazepine hypnotics,66,67 melatonin 
receptor agonists,68,69 and anesthetics/sedatives.70,71 Prior studies have suggested that dexmedetomidine may reduce the 
occurrence of POD and improve postoperative sleep quality in elderly patients.72–74 However, our study failed to discover 
a correlation between the administration of dexmedetomidine and POD, possibly due to the dosage of dexmedetomidine 
and the vastly distinct surgeries, which could influence the prophylactic effect of dexmedetomidine for POD.

Pain following surgery is an inevitable consequence, leading to diminished sleep quality and disrupted sleep 
continuity, which are associated with heightened pain sensitivity and decreased cognitive function.75 A multitude of 
studies suggest a close correlation between sleep disturbances and acute as well as chronic postoperative pain.13,24,26 

Bjurstrom et al found that patients with preoperative sleep disturbance who underwent total hip replacement experienced 
more severe postoperative pain, requiring an increase in opioid use within 24 hours of surgery.24 Our study indicates 
a close relationship between preoperative sleep disturbance and severe postoperative pain; however, the subjective nature 
of the VAS score may impact the accurate pain assessment. Despite higher VAS scores, no increase in rescue analgesia 
was observed in the sleep disturbance group. VAS scores above 4 are typically defined as moderate pain and may 
necessitate rescue analgesia, yet the average VAS score in the SD group in our study was 3.9. Considering the pain 
sensitivity of individual, there was no significant change in rescue analgesia requirements among patients. Nonetheless, 
we hypothesize that preoperative sleep disturbance may be associated with increased postoperative pain intensity and 
pain interference. Whereas several clinically relevant predictors of poor postoperative pain are interconnected, the actual 
incidence of clinically meaningful variables such as depression, anxiety, and pain catastrophizing were low, while sleep 
disturbances were highly prevalent, implicating a strong correlation between sleep quality and pain perception. Pain can 
be both a cause and a consequence of sleep disturbances This bidirectional relationship between sleep and pain has 
important implications not only for the clinical management of patients, but also for chronic pain prevention and public 
health more broadly.76 Given that sleep disturbances can strongly predict pain outcomes, targeting and improving sleep 
quality may have a beneficial effect on postoperative pain management.

The present study has several limitations. Firstly, being a retrospective cohort study conducted at a single center, and 
excluding patients with other severe sleep disorders such as restless leg syndrome, periodic limb movement disorder, or 
obstructive sleep apnea, as well as those with preclinical dementia or Alzheimer’s disease, may limit the generalizability of 
the results. Therefore, caution should be exercised when interpreting the findings. Future prospective studies with larger 
cohorts are warranted to provide further insights into the relationship between preoperative sleep disturbances and 
postoperative delirium. Secondly, the absence of objective sleep quality monitoring, such as polysomnography, is another 
limitation. While preoperative actigraphy combined with subjective assessment offers a more comprehensive evaluation of 
sleep quality, utilizing wearable electronic monitoring devices with various sensors could enhance accuracy and identify 
patients at higher risk of delirium. Given the potential discrepancies between subjective sleep quality ratings and objective 
sleep assessments, and considering that the complexity of polysomnography monitoring may disrupt patients’ sleep, future 
studies should consider using wearable electronic monitoring devices equipped with various eye and hand movement 
sensors.77–79 Thirdly, the potential influence of time as a confounding factor on sleep quality was not explored. Additionally, 
the absence of involvement of a biostatistician in the analysis process poses another limitation. Despite efforts to adhere to 
statistical principles, the lack of specialized statistical expertise may have impacted the robustness and interpretation of the 
findings. Lastly, the study did not investigate the relationship between postoperative sleep quality and POD, as the primary 
focus was on the association between preoperative sleep disturbances and POD. Given previous research indicating 
bidirectional influences between postoperative sleep quality, pain, and POD, future randomized controlled trials are 
warranted to elucidate these relationships.

Nature and Science of Sleep 2024:16                                                                                               https://doi.org/10.2147/NSS.S452517                                                                                                                                                                                                                       

DovePress                                                                                                                         
397

Dovepress                                                                                                                                                             Guo et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Conclusion
We conclude that preexisting sleep disturbances are likely associated with postoperative delirium. Whether strategies to 
improve preoperative sleep quality can benefit patients with preoperative sleep disturbance in postoperative delirium 
remains to be determined.
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