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Purpose: To develop a risk prediction nomogram of postoperative sleep disturbance (PSD) 
in patients undergoing non-cardiac surgery.
Patients and methods: Data on 881 consecutive patients who underwent non-cardiac 
surgery at the Affiliated Hospital of Xuzhou Medical University between June 2020 and 
April 2021 were prospectively collected. Of these, we randomly divided 881 non- 
cardiac patients into two groups, training cohort (n = 617) and validation cohort (n = 
264) at the ratio of 7:3. Characteristic variables were selected based on the data of 
training cohort through least absolute shrinkage and selection operator (LASSO) 
regression. Multivariate logistic regression was used to identify the independent risk 
factors associated with PSD that then were incorporated into the nomogram. The 
predictive performance of the nomogram was measured by concordance index (C 
index), receiver operating characteristic (ROC) curve, and calibration with 1000 boot-
strap samples to decrease the over-fit bias.
Results: PSD was found in 443 of 617 patients (71.8%) and 190 of 264 patients 
(72.0%) in the training and validation cohorts, respectively. The perioperative risk 
factors associated with PSD were female sex, anxiety, dissatisfaction of ward environ-
ment, absence of combined regional nerve block, postoperative nausea and vomiting 
(PONV), the longer duration stayed in post anesthesia care unit (PACU), the higher 
dose of midazolam and sufentanil, the higher postoperative numeric rating score for 
pain (NRS) score. Incorporating these 9 factors, the nomogram achieved good con-
cordance indexes of 0.82 (95% confidence interval [CI], 0.78–0.85) and 0.80 (95% CI, 
0.74–0.85) in predicting PSD in the training and validation cohorts, respectively, and 
obtained well-fitted calibration curves. The sensitivity and specificity (95% CIs) of the 
nomogram were calculated, resulting in sensitivity of 74.0% (70.0–78.2%) and 75.3% 
(68.4–81.7%) and specificity of 79.3% (72.5–85.2%) and 70.3% (58.4–80.7%) for the 
training and validation cohorts, respectively. Patients who had a nomogram score of 
less than 262 or 262 or greater were considered to have low or high risks of PSD 
presence, respectively.
Conclusion: The proposed nomogram achieved an optimal prediction of PSD in patients 
undergoing non-cardiac surgery. The risks for an individual patient to harbor PSD can be 
determined by this model, which can lead to a reasonable preventive and treatment 
measures.
Keywords: postoperative sleep disturbance, surgery, LASSO regression analysis, nomogram

Correspondence: Yueying Zhang  
Department of Anesthesiology, The 
Affiliated Hospital of Xuzhou Medical 
University, Xuzhou City, Jiangsu Province, 
People’s Republic of China  
Tel +86 138 1531 0789  
Email zyy0218@126.com

Nature and Science of Sleep 2021:13 1473–1483                                                           1473
© 2021 Yang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Nature and Science of Sleep                                                                 Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 15 May 2021
Accepted: 28 July 2021
Published: 24 August 2021

N
at

ur
e 

an
d 

S
ci

en
ce

 o
f S

le
ep

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-4103-312X
mailto:zyy0218@126.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Introduction
In recent years, with the development of comfortable medical 
concept, and the growth of people’s demand for health level, 
sleep disturbance has evoked much attention than before. 
PSD is a common postoperative complication and patients 
may report decreased sleep time, increased numbers of arou-
sals or awakening, frequent nightmares, fragmented sleep 
and lowered sleep quality after operation.1 In previous stu-
dies, the prevalence of PSD was 65.7%, and even up to 
approximately 95% in severe cases.2,3 About 25% of the 
patients reported lack of sleep again on the 15th day after 
surgery, and 24% of them needed medication to correct sleep 
disturbance.4 10–61% of the patients even had sleep pro-
blems over 6 months after discharge, which seriously 
affected the long-term recovery.5 Moreover, PSD are asso-
ciated with the development of episodic hypoxemia, hemo-
dynamic instability, early postoperative fatigue, cognitive 
impairment, pain sensitivity and mood disturbances, all 
with a potential adverse effect on postoperative outcome.6,7

The mechanisms leading to sleep disturbance in patients 
are complex, with relevance to the environmental, pharmaceu-
tical and medical factors, such as surgical inflammatory 
response, severity of surgery, type of anesthesia, pain, anxiety, 
as well as their interactions.6,8,9 While PSD itself is well 
recognized, perioperative management of patients is 
a relatively neglected field of research. Currently, the treatment 
strategies for PSD include dexmedetomidine, zolpidem, mel-
atonin, enhanced recovery after surgery (ERAS) protocol and 
improving of ward environment.10,11 However, these research 
perspectives of sleep disturbance during perioperative period 
were emphasizing intervention rather than focusing on risk 
prediction, especially the clinical modifiable risks.

Medical staff should pay attention to the prevention of 
sleep problems in patients.12 The aim of the present study 
was to investigate risk factors of PSD, and develop 
a prediction model for the accurate prediction of PSD in 
patients undergoing non-cardiac surgery.

Patients and Methods
This is a prospective cohort study, which has been approved by 
the Research Ethics Committee of the Affiliated Hospital of 
Xuzhou Medical University (Xuzhou city, Jiangsu province, 
China) on 28 May (XYFY2020-KL057-01) and registered in 
the Chinese Clinical Trial Registry (ChiCTR1900024172). 
Written informed consent was obtained from all study partici-
pants before the operation.

Participants
From June 2020 to April 2021, data on consecutive 
patients who underwent non-cardiac surgery were prospec-
tively collected at the Affiliated Hospital of Xuzhou 
Medical University.

The study had the following inclusion criteria: (1) 
Chinese-speaking patients aged ≥18 years with the abil-
ity to provide informed consent, scheduled for elective 
non-cardiac surgical under general anesthesia; (2) 
American Society of Anesthesiologists physical status 
classification (ASA) grade I–III. Patients were excluded 
if they: (1) had preoperative sleep disorders [Pittsburgh 
Sleep Quality Index (PSQI) score > 7]; (2) received 
brain surgery; (3) received daytime surgery; (4) had 
cognitive dysfunction, psychiatric disease, or motor dys-
function; (5) had long time use of sedatives, antidepres-
sants, drugs or alcohol dependence. Patients were 
eliminated if they: (1) admitted to intensive care unit 
(ICU) after surgery; (2) cancelled the operation; (3) 
changed the anesthesia method; (4) required reoperation; 
(5) failed to complete the follow-up.

Clinical Variables
Potential predictive factors were filtrated based on the 
literature and clinical practice. Preoperative variables 
included demographics [sex, age, body mass index 
(BMI), educational level, alcohol or smoking consump-
tion], past medical history [obstructive sleep apnea 
hypopnea syndrome (OSAHS), hypertension, diabetes 
mellitus, anxiety, depression, sleep disorders], NRS 
score, ASA grade, satisfaction of ward environment, 
preoperative hospital stay. Intraoperative variables 
included anesthesia method, operation method, operation 
time, anesthesia time, amount of fluid infusion and 
blood loss, urine volume. Postoperative variables 
included the duration stayed in PACU, the use of 
patient-controlled intravenous analgesia (PCIA), post- 
surgical complications (fever, hypoxemia, hypotension, 
PONV), postoperative NRS score, postoperative hospital 
stay.

Clinical data were collected continuously during hospital 
stay and at the follow-up visit 1 week postoperatively. 
Communication methods between the researchers and 
patients included face-to-face and telephone contacts. The 
average score of postoperative NRS for three consecutive 
days was defined as the postoperative NRS score in this study.
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Development and Internal Validation 
Population
With the aid of R software (version 3.6.2; https://www. 
R-project.org), a total of 881 patients were enrolled in total 
and were separated randomly into training cohort (n=617) 
and validation cohort (n=264) at a theoretical ratio of 7:3.

Evaluation of Sleep Disturbance
Sleep quality was assessed using the PSQI, a well- 
validated self-report questionnaire designed to assist in 
the diagnosis of sleep disorders.13 The PSQI has 7 com-
ponents including sleep latency, sleep duration, habitual 
sleep efficiency, sleep disturbances, daytime dysfunction, 
and hypnotic drugs which range 0–3, respectively. The 
global PSQI score ranging from 0 to 21 is generated by 
summing up all the seven component scores, where 0 
indicates no difficulty and 21 is severe difficulty in all 
areas. A global cut-off score of PSQI greater than 7 is 
used to distinguish poor sleepers from good sleepers. In 
this study, experienced investigators used PSQI question-
naire to evaluate the sleep quality of non-cardiac patients 
before and 1 week after the operation.

Statistical Analysis
For the normal distribution data, the data were expressed 
as mean ± standard deviation (SD) and compared using the 
independent sample t-test. For the categorical data, the 
data were presented as number and percentages, and com-
pared using the Chi-square test or Fisher’s exact test.

LASSO regression and multivariate logistic regression 
analysis were utilized to filter possible indicators in the 
training cohort. Non-zero characteristic factors selected 
through LASSO analysis were put into the multivariate 
logistic regression analysis to identify the independent risk 
factors associated with PSD. A nomogram was formulated 
based on the results of multivariate logistic regression 
analysis by using the rms package of R software. The 
backward stepdown process based on the Akaike informa-
tion criterion (AIC) was used to control the over-fitting of 
the model. The predictive performance of the nomogram 
was measured by C index, ROC curve and calibration with 
1000 bootstrap samples to decrease the over-fit bias based 
on the data from training cohort and validation cohort.14

For clinical use of the model, the total points of each 
patient were calculated based on the proposed nomogram. 
ROC curve analysis was used to calculate the optimal cutoff 

values that were determined by maximizing the Youden index. 
Accuracy of the optimal cutoff value was assessed by the 
sensitivity, specificity, predictive values, and likelihood ratios.

Statistical analysis was performed with R software 
(version 3.6.2; https://www.R-project.org). The reported 
statistical significance levels were all two-sided, with sta-
tistical significance set at 0.05.

Results
Participant Characteristics
We initially assessed 1360 patients for eligibility to 
participate in our study (Figure 1). Of these, 125 patients 
refused to participate, 203 patients did not meet the 
inclusion criteria and the remaining 1035 patients 
enrolled to the study. Following the completion of the 
study, 154 patients were excluded from the study: 48 
patients admitted to ICU after operation, 8 patients can-
celled the operation, 16 patients changed the anesthesia 
mode, 13 patients required reoperation, 69 patients failed 
to complete the follow-up. Finally, the data of 881 
patients were analyzed in the present study. The training 
cohort composed of 617 patients. The average age was 
54.62±12.91 years, 41.3% were male and 71.8% had 
PSD. The validation cohort consisted of 264 patients. 
The average age was 54.53±14.30 years, 42.8% were 
male and 72.0% had PSD. The prevalence of PSD 
among all patients was 71.9%. All characteristics were 
no statistically significant differences between training 
cohort and validation cohort (all P > 0.05) (Table 1).

Construction of Prediction Model in the 
Training Cohort
Thirty-two potential risk factors from perioperative clin-
ical indicators were included in the LASSO regression 
analysis (Figure 2A and B). We selected 16 non-zero 
characteristic variables including gender, ASA, hyperten-
sion, anxiety, satisfaction of ward environment, surgical 
classification, combined regional nerve block, PCIA, 
PONV, duration stayed in PACU, dexmedetomidine, mid-
azolam, sufentanil, postoperative NRS score, postoperative 
hospital stay, infusion (Table 2).

The results of multivariate logistic analysis are pre-
sented in Table 3. On multivariate analysis, with results 
reported as odds ratio (95% CI), male sex [0.54(0.32– 
0.88)], anxiety [4.69(1.83–14.64)], satisfaction of ward 
environment [0.38(0.17–0.80)], combined regional nerve 
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block [0.46(0.28–0.75)], PONV [1.92(1.11–3.41)], the 
longer duration stayed in PACU [1.02(1.01–1.03)], the 
higher dose of midazolam [0.62(0.49–0.79)] and sufentanil 
[0.97(0.95–0.99)], the higher postoperative NRS score 
[1.59(1.23–2.07)] were independently associated 
with PSD.

Development and Validation of the 
PSD-Predicting Nomogram
These independently associated risk factors were used to 
build a PSD risk prediction model (Figure 3). The result-
ing model was internally validated using the bootstrap 
validation method. The nomogram showed good accuracy 
in estimating the risk of PSD, with an unadjusted C index 
of 0.82 (95% CI, 0.78–0.85) and a bootstrap-corrected 
C index of 0.79 (Figure 4A). Besides, the calibration 
plots graphically demonstrated good agreement on the 
presence of PSD between the risk estimation by the nomo-
gram and analysis results of actual clinical data 
(Figure 4B). In the validation cohort, the nomogram 

displayed an unadjusted C index of 0.80 (95% CI, 0.74– 
0.85) and a bootstrap-corrected C index of 0.80 for the 
estimation of PSD risk (Figure 4A). There was also a good 
calibration curve for the risk estimation (Figure 4C).

Risk of PSD Based on the Nomogram 
Scores
The optimal cutoff value of the total nomogram scores was 
determined to be 262. The sensitivity, specificity, positive 
predictive value, and negative predictive value when used 
in differentiating the presence from absence of PSD were 
74.0%, 79.3%, 90.1%, and 54.5% in the training cohort, 
and 75.3%, 70.3%, 86.7%, and 52.5% in the validation 
cohort, respectively (Table 4).

Discussion
Of the currently available prediction tools, the nomogram 
is a superior visual tool with the user-friendly display, 
easily understand, high accuracy and good discrimination 
characteristics in predicting results.15–17 Here, we 

Figure 1 Flow chart of patients screening and recruitment.
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Table 1 Participant Characteristics

Variables Total (n=881) Training (n=617) Validation (n=264) P-Value

PSD 0.959a

No 248(28.1) 174(28.2) 74(28.0)

Yes 633(71.9) 443(71.8) 190(72.0)

Gender 0.684a

Female 513(58.2) 362(58.7) 151(57.2)
Male 368(41.8) 255(41.3) 113(42.8)

Age (y) 54.59±13.34 54.62±12.91 54.53±14.30 0.932b

BMI (kg/m2) 24.84±3.92 24.86±3.85 24.81±4.09 0.883b

Education 0.205a

Illiteracy 164(18.6) 111(18.0) 53(20.1)

Primary school 237(26.9) 160(25.9) 77(29.2)
Middle high school 351(39.8) 260(42.1) 91(34.5)

Undergraduate 129(14.6) 86(13.9) 43(16.3)

ASA 0.559a

I 252(28.6) 170(27.6) 82(31.1)

II 549(62.3) 391(63.4) 158(59.8)
III 80(9.1) 56(9.1) 24(9.1)

Hypertension 0.276a

No 675(76.6) 479(77.6) 196(74.2)

Yes 206(23.4) 138(22.4) 68(25.8)

Diabetes 0.265a

No 796(90.4) 553(89.6) 243(92.0)

Yes 85(9.6) 64(10.4) 21(8.0)

OSAHS 0.477a

No 841(95.5) 591(95.8) 250(94.7)
Yes 40(4.5) 26(4.2) 14(5.3)

Anxiety 0.28a

No 761(86.4) 538(87.2) 223(84.5)

Yes 120(13.6) 79(12.8) 41(15.5)

Depression 0.18a

No 849(96.4) 598(96.9) 251(95.1)

Yes 32(3.6) 19(3.1) 13(4.9)

Preoperative NRS score 0.75±1.37 0.75±1.33 0.77±1.46 0.846b

Preoperative hospital stay (d) 4.86±3.19 4.88±3.15 4.82±3.28 0.815b

Satisfaction of ward environment 0.374a

No 96(10.9) 71(11.5) 25(9.5)

Yes 785(89.1) 546(88.5) 239(90.5)

Surgical classification 0.915a

I 70(7.9) 50(8.1) 20(7.6)
II 202(22.9) 138(22.4) 64(24.2)

III 382(43.4) 271(43.9) 111(42.0)

IV 227(25.8) 158(25.6) 69(26.1)

Operation time (min) 132.90±61.26 135.51±64.41 126.79±52.80 0.053b

(Continued)
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generated and validated a novel nomogram to accurately 
forecast PSD risk in non-cardiac surgery patients. As far as 
we know, this is the first attempt to predict PSD in non- 
cardiac surgery patients. The proposed nomogram, which 
incorporated 9 comprehensive and easily available perio-
perative variables: gender, anxiety, satisfaction of ward 
environment, combined regional nerve block, PONV, the 
duration stayed in PACU, midazolam, sufentanil and the 
postoperative NRS score, performed well as supported by 

the C index values of 0.82 and 0.80 in the training and 
validation cohorts, respectively, and the optimal calibra-
tion curves demonstrating the agreements between predic-
tion and actual observation.

In the PSD risk estimation nomogram, pain, absence of 
combined regional nerve block, anxiety, PONV and dis-
satisfaction of ward environment have been reported to 
increase the possibility of sleep disturbance.18–26 Our 
study demonstrated that these factors were also 

Table 1 (Continued). 

Variables Total (n=881) Training (n=617) Validation (n=264) P-Value

Anesthesia time (min) 157.40±61.11 159.95±64.27 151.44±52.61 0.058b

Duration stayed in PACU (min) 25.15±18.73 25.99±19.42 23.18±16.87 0.142b

Dexmedetomidine (ug) 42.23±18.25 41.52±18.25 43.90±18.15 0.075b

Midazolam (mg) 2.34±0.94 2.35±0.96 2.30±0.90 0.514b

Propofol (mg) 369.93±173.60 376.97±183.21 353.47±147.75 0.066b

Sevoflurane (mL) 12.94±7.18 13.34±7.45 12.02±6.42 0.112b

Remifentanil (mg) 1.57±0.88 1.59±0.88 1.53±0.87 0.304b

Sufentanil (ug) 37.33±9.94 37.51±9.92 36.89±10.01 0.398b

Combined regional nerve block 0.754a

No 594(67.4) 418(67.7) 176(66.7)
Yes 287(32.6) 199(32.3) 88(33.3)

PCIA 0.421a

No 336(38.1) 230(37.3) 106(40.2)

Yes 545(61.9) 387(62.7) 158(59.8)

PONV 0.528a

No 650(73.8) 459(74.4) 191(72.3)
Yes 231(26.2) 158(25.6) 73(27.7)

Postoperative fever 0.798a

No 814(92.4) 571(92.5) 243(92.0)

Yes 67(7.6) 46(7.5) 21(8.0)

Postoperative NRS score 2.39±0.96 2.37±0.94 2.43±1.00 0.449b

Postoperative hospital stay (d) 6.85±3.54 6.86±3.48 6.82±3.69 0.866b

Infusion (mL) 1304.86±470.91 1316.94±481.63 1276.63±444.45 0.245b

Urine volume (mL) 317.59±191.51 316.86±188.46 319.32±198.82 0.861b

Bleeding (mL) 135.74±151.68 145.00±163.69 114.11±116.43 0.106b

Notes: Data are mean ± SD or number (%). aChi-square test. bIndependent t-test. 
Abbreviations: PSD, postoperative sleep disturbance; BMI, body mass index; ASA, American Society of Anesthesiologists physical status classification; OSAHS, obstructive 
sleep apnea hypopnea syndrome; NRS, numeric rating score for pain; PACU, post anesthesia care unit; PCIA, patient controlled intravenous analgesia; PONV, postoperative 
nausea and vomiting.
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significantly associated with PSD in non-cardiac surgery 
patients. In addition, we demonstrated that female sex, the 
longer duration stayed in PACU, and the lower dose of 
midazolam were associated with an increased probability 
of PSD in non-cardiac surgery patients.

Midazolam is a short-acting water-soluble benzodia-
zepine sedative. Midazolam produces sedative, hypnotic, 
anticonvulsant, and anxiolytic effects by altering the 
configuration of the GABAA receptor complex and 
opening the chloride channel. The effect of antegrade 
amnesia, combined with opioids, etomidate, propofol 
drugs can produce synergistic or additive effects, result-
ing in analgesic effect.27,28 Previous studies have found 
that midazolam could shorten sleep latency, reduce 
wakefulness frequency, improve objective sleep evalua-
tion and reduce daytime sleepiness.29 However, some 
scholars have also pointed out that long-term application 
of benzodiazepines could lead to an increase of shallow 
sleep and increased risk of adverse effects such as 
cognitive impairment and falling, especially in the 
elderly.22,30 Despite dexmedetomidine showed the char-
acteristic of a potential protective effect on sleep, this 
effect did not occur in our study.18 Therefore, it is 
necessary to find a balance between clinical treatment 
and sleep.

Although the incidence of PSD was higher in women 
than in men, the reasons for this gender difference were not 
clear. A possible explanation about the gender difference is 
the fact that women have higher rates of both acute and 
chronic insomnia than men from general population studies 

Figure 2 Demographic and clinical feature selection using the Least Absolute 
Shrinkage and Selection Operator (LASSO) regression. (A) The selection of the 
tuning parameter (lambda) in the LASSO model used 5-fold cross-validation with 
the minimum criteria. The relationship curve between partial likelihood deviation 
(binomial deviation) and log(lambda) was plotted. Dotted vertical lines were drawn 
at the optimal values by using the minimum criteria and the 1 standard error (SE) of 
the minimum criteria (the 1-SE criteria). (B) LASSO coefficient profiles of the 16 
features. A coefficient profile plot was produced against the log(lambda) sequence. 
Vertical line was drawn at the value selected using 5-fold cross-validation, where 
optimal lambda resulted in 16 features with non-zero coefficients.

Table 2 Coefficients and Lambda.Min Value of the LASSO 
Regression

Factors Coefficients Lambda.Min

Gender −0.269 0.021

ASA −0.072

Hypertension 0.355
Anxiety 0.861

Satisfaction of ward environment −0.251

Surgical classification −0.208
Combined regional nerve block −0.173

PCIA 0.062
PONV 0.231

Duration stayed in PACU (min) 0.009

Dexmedetomidine (ug) 0.001
Midazolam (mg) −0.324

Sufentanil (ug) −0.013

Postoperative NRS score 0.298
Postoperative hospital stay (d) 0.019

Infusion (mL) 0.003

Abbreviations: ASA, American Society of Anesthesiologists physical status classi-
fication; PCIA, patient controlled intravenous analgesia; PONV, postoperative nau-
sea and vomiting; PACU, post anesthesia care unit; NRS, numeric rating score for 
pain.
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regardless the setting.31,32 Stein et al reported that in the 
general population, women suffer insomnia at higher rates 
than men and onset is often associated with physical pro-
blems of aging.33 These issues deserve further investigation, 
ideally with longitudinal or experimental study designs to 
establish the direction of the effects amongst gender, age, 
sleep disorders and surgery. In most instances, an extended 
PACU stay from anesthesia was attributed to longer 

anesthetic exposure and bigger surgical trauma. Residual 
anesthetic, analgesic medications and surgical trauma 
could potentially lead to worse sleep quality of patients.34

With higher degree of internal homogeneity, overall con-
sistency and clinical validity than any other test available, the 
PSQI originally described by Buysse in 1989, has become 
the main tool for the assessment of quality of sleep.13 

Generally speaking, the reporting period of PSQI is 1 

Table 3 Multivariate Logistic Regression Analysis of PSD Presence Based on Perioperative Data in the Training Cohort

Variable β Coefficient OR (95% CI) P-Value

Gender (male/female) −0.625 0.54(0.32–0.88) 0.016
Anxiety (Y/N) 1.545 4.69(1.83–14.64) 0.003

Satisfaction of ward environment (Y/N) −0.973 0.38(0.17–0.80) 0.014

Combined regional nerve block (Y/N) −0.778 0.46(0.28–0.75) 0.002
PONV (Y/N) 0.653 1.92(1.11–3.41) 0.023

Duration stayed in PACU (min) 0.019 1.02(1.01–1.03) 0.004

Midazolam (mg) −0.474 0.62(0.49–0.79) <0.001
Sufentanil (ug) −0.032 0.97(0.95–0.99) 0.006

Postoperative NRS score 0.464 1.59(1.23–2.07) <0.001

Abbreviations: PONV, postoperative nausea and vomiting; PACU, post anesthesia care unit; NRS, numeric rating score for pain.

Figure 3 Nomogram for perioperative estimation of PSD risk. To use the nomogram, find the position of each variable on the corresponding axis, draw a line to the points 
axis for the number of points, add the points from all of the variables, and draw a line from the total points axis to determine the PSD probabilities at the lower line of the 
nomogram.
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month, but the PSQI was used for short-term evaluation for 1 
week in this study. Broderick et al once had evaluated the 
accuracy of PSQI across different lengths of reporting peri-
ods (3-, 7- and 28-days). They found there was no significant 
difference in item scores when electronic daily ratings were 
compared with recall ratings regardless of the length of the 
reporting period.35 In addition, some previously studies 
investigated the short-term sleep quality using PSQI.36–38 

Therefore, PSQI can be also administered confidingly for 
weeklong reporting periods between subject analyses.

LASSO regression is a popular method for variable 
selection in fitting high-dimension generalized linear 
model, which can obtain a more refined model by 
constructing a penalty function to reduce the variable 
numbers and effectively avoid overfitting.39,40 

Therefore, we applied the LASSO regression for fea-
ture selection and build prediction model in this study.

The nomogram we proposed has several advantages. 
The selected variables were common and easy to 
obtain from clinical practice, helping the perioperative 
management of surgeon. The scoring system of nomo-
gram was simple and comprehensible which achieved 
good predictive accuracy and favorable stability. By 
producing an accurate prognosis, this nomogram 
could help surgeons to stratify patients and make indi-
vidual clinical treatment strategies under variable 
conditions.

However, there were still some limitations in the pre-
sent study. First, this analysis was based on data from 
a single institution, it is necessary to validate the results 
from other centers. Second, the risk factors of PSD are 
complex and there are far more factors to be investigated 
and used to predict the prognosis of PSD. Third, the 
follow-up duration was relatively short, and a large pro-
spective study with a long-term follow-up should be per-
formed in the future. Thus, the accuracy of this prediction 
model will be improved to a certain extent.

Conclusion
In short, this study constructed a predictive model which 
was presented as nomogram to quantify the risk of PSD in 
non-cardiac surgery patients. The nomogram showed 
a powerful predictive ability and could help clinicians 
make better therapeutic strategy.

Figure 4 The predictive performance of PSD risk nomogram. (A) The receiver 
operating characteristic (ROC) curve was compared between training cohort and 
validation cohort. The area under the curve (AUC) of training cohort and validation 
cohort were 0.82 and 0.80, respectively. (B) Validity of the predictive performance 
of the nomogram in estimating the risk of PSD presence in the training cohort (n = 
617). (C) Validity of the predictive performance of the nomogram in estimating the 
risk of PSD presence in the validation cohort (n = 264).
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Abbreviations
AIC, Akaike information criterion; ASA, American Society 
of Anesthesiologists physical status classification; BMI, body 
mass index; CI, confidence interval; C index, concordance 
index; ERAS, enhanced recovery after surgery; ICU, inten-
sive care unit; LASSO, least absolute shrinkage and selection 
operator; OSAHS, obstructive sleep apnea-hypopnea syn-
drome; PACU, post-anesthesia care unit; PCIA, patient con-
trolled intravenous analgesia; PONV, postoperative nausea 
and vomiting; PSD, postoperative sleep disturbance; PSQI, 
Pittsburgh Sleep Quality Index; ROC, receiver operating 
characteristic curve; SD, standard deviation.

Data Sharing Statement
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