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Effect of preoperative sleep disorders
on delirium in proximal femoral surgery
patients aged 60 or older
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Abstract

Objective To examine the effect of preoperative sleep disorders on delirium in patients older than 60 years of age
who underwent surgery for proximal femoral fracture.

Methods This is a prospective observational study. We prospectively selected 143 patients with proximal femoral
fracture who underwent surgery between April 2021 and April 2022. The primary outcome was postoperative
delirium (PD). Multiple logistic regression analyses were performed and a receiver operating characteristic (ROC) curve
was generated. The preoperative sleep quality of all eligible participants was assessed through the Pittsburgh Sleep
Quality Index (PSQI). The Confusion Assessment Method (CAM) was used to assess PD from the first to the seventh
day postoperatively. Patients were divided into two groups according to the PD diagnosis: (1) the no PD (NPD) group
and (2) the PD (PD) group.

Results Of 143 eligible patients, 43 (30.1%) were diagnosed with PD. Multiple logistic regression analysis
demonstrated that postoperative ICU admissions (OR=2.801, p=0.049) and preoperative sleep disorders (OR=1.477
p<0.001) were independently associated with PD. A receiver operating characteristic (ROC) curve demonstrated that
the preoperative PSQI score was predictive of PD (AUC 0.808, 95% Cl 0.724~0.892, p<0.001).

Conclusion Preoperative sleeping disorders may be an independent risk factor leading to PD and an independent
predictive factor for the development of delirium in proximal femoral surgery patients aged 60 or older.
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Introduction

As bone mass decreases with age, the risk of fracture
increases. Although hip fractures are not the most com-
mon fracture in elderly individuals, they have become the
most feared fracture because hip fractures can have seri-
ous complications throughout the perioperative period

(1, 2].
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confusion, and an altered state of consciousness, which
usually occurs 3 days after surgery [4, 5]. PD is a risk
factor for a variety of short-term and long-term com-
plications. It can affect physical and cognitive recovery
and significantly increase medical and nursing costs.
The onset of delirium depends on a complex interplay
between the patient’s baseline vulnerability and predis-
posing factors that occur during hospitalization. It is
known that risk factors for delirium are 65 years of age
or older, male sex, dementia, depression, American Soci-
ety of Anesthesiologists physical status classification
(ASA classification), operation type, visual impairment,
body mass index (BMI), preoperative serum albumin and
hemoglobin level, fractures to the surgery time interval,
medication, intraoperative blood pressure, temperature,
depth of anesthesia, blood transfusion, and postoperative
analgesia [6—11].

Sleep disorders are common among the elderly in
China, especially among elderly females, with a preva-
lence of 35.9%. A small retrospective cohort study
showed that sleep disorders prior to surgery were sig-
nificantly associated with the development of delirium in
patients aged 60 years and older with proximal femoral
fractures [12]. However, no studies have evaluated the
effect of preoperative sleep disorders on PD in elderly
patients with proximal femoral fractures undergoing
surgery. Here, we hypothesized that preoperative sleep
disorders may be a risk factor for delirium. Therefore,
the aim of this study was to investigate the relationship
between preoperative sleep disorders and delirium devel-
opment in elderly patients with proximal femoral frac-
tures undergoing surgery.

Methods

This study is a prospective observational cohort study.
The study was approved by the Ethics Committee of
the Affiliated Hospital of Qingdao University (QYFY-
WZLL27312) and is consistent with the Declaration of
Helsinki. All patients provided written informed consent.
The inclusion criteria were as follow: (1) age>60 years
and (2) proximal femoral surgery. The exclusion criteria
included: (1) having a history of delirium or dementia; (2)
having a history of brain trauma; and (3) being unable to
communicate due to hearing and/or language issues.

All patients underwent surgery by general anesthesia
with the same anesthesia program. A bispectral index
(BIS) was used to monitor the depth of anesthesia, and
BIS values were maintained between 40 and 60 during
surgery. A normal body temperature was maintained, and
anticholinergics were conserved perioperatively because
of the possible occurrence of latent psychiatric disorders.

Preoperative sleep quality was assessed by the Pitts-
burgh Sleep Quality Index (PSQI). The PSQI has been
indicated to be an effective way to assess sleep quality
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[13]. It is divided into 7 sections with a total of 18 items,
with scores ranging from 0 to 21. A PSQI score of 5 is
considered the cutoff point for sleep disorders in adults.
The higher the PSQI score is, the more severe the sleep
disorders.

The Confusion Assessment Method (CAM) recom-
mended by the European Society of Anesthesiology was
used to determine whether PD occurred [14]. Among
them, the Confusion Assessment Method for Intensive
Care Unit (CAM-ICU) is widely used to evaluate delir-
ium in the intensive care unit (ICU) [15]. The CAM-ICU
is divided into four sections: (1) acute changes in mental
status and behavior over the past 24 h; (2) inattention; (3)
disordered thinking; and (4) an altered state of conscious-
ness. Delirium is diagnosed when items (1), (2) and (3) or
(4) are met. In addition, delirium was assessed only once
within 24 h after surgery and as close to 24 h after sur-
gery as possible to minimize the impact of anesthesia on
the patient’s consciousness. On postoperative Days 2-7,
the patients were evaluated twice a day (8:00—10:00 and
18:00-20:00). All perioperative data were evaluated and
recorded by the same anesthesiologist who did not par-
ticipate in anesthesia and did not know the grouping.

All participants received intravenous sufentanil and
dezocine to achieve a perfect analgesic score (numeric
rating scale, NRS<4). If necessary, dexmedetomidine
may be injected to control delirium onset [16].

The variables included sex, age, BMI, ASA classifica-
tion, preoperative PSQI score, preoperative albumin
level, preoperative hemoglobin level, intraoperative
blood loss, fractures to the surgery time interval, anes-
thesia duration, operation time, operation type, diabetes,
hypertension, stroke, coronary heart disease, postop-
erative ICU admissions and postoperative delirium. We
divided all participants into two groups based on the
diagnosis of PD: (1) the no PD (NPD) group and (2) the
PD (PD) group.

Statistical analysis

The normality of the distribution of continuous vari-
ables was determined by the Kolmogorov-Smirnov test.
Continuous variables with a normal distribution are pre-
sented as the meanztstandard deviation (SD), and vari-
ables with an abnormal distribution are presented as the
median, interquartile range (IQR) and range. Categori-
cal variables are expressed as numbers and percentages.
Student’s t test and the Mann-Whitney U test were used
for continuous variables, and the Pearson chi-square test
was used for categorical variables.

Simple logistic regression was used to analyze the rela-
tionship between demographic and clinical data and PD.
An index of p<0.1 was incorporated into the multivari-
ate regression analysis. Multivariate logistic regression
models were used to analyze the association between PD
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surgery for proximal femoral fractures
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Fig. 1 The flow chart of screening cases for this study

and covariates found to be associated with delirium in
univariate analyses. Statistical significance was set as a p
value of less than 0.05. SPSS 23.0 (IBM Corp, Armonk,
NY) was used to analyze the data.

The ROC curve was drawn to further determine the
accuracy, sensitivity and specificity of the model. A p
value of less than 0.5 was considered to indicate that the
model had certain predictive value.

Results
A total of 151 patients who underwent surgery for proxi-
mal femoral fractures from April 2021 to April 2022 were
enrolled. Eight patients were excluded according to the
exclusion criteria. Of these, 4 patients had a history of
delirium or dementia, 2 patients had a history of brain
trauma, and 2 patients were unable to communicate due
to hearing and/or language issues. A total of 143 patients
were divided into two groups according to PD. Among
the 100 patients without PD, 26 had preoperative sleep
disorders, and among the 43 patients with PD, 31 had
preoperative sleep disorders. No patient died or dropped
out during follow-up (Fig. 1).

Univariate analyses were performed for baseline val-
ues and general characteristics. Risk factors associated
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Table 1 Univariate analysis according to diagnosis of
postoperative delirium

NPD(n=100) PD(n=43) p
759+87 814+73 <0.001

BMI (kg/mz), medians (IQRs)  23.1(21.3,26.2) 23.7(21.7,254) 0.65
ASA classification, n (%) 0.006

| 12(12.0) 2(4.7)

Il 76(76.0) 26(60.5)

Il 12(12.0) 15(34.9)
Female, n (%) 70 (70.0) 31(72.1) 0.801
Albumin level (g/1), 347438 326442 0.003
(mean+SD)
Hemoglobin level (g/1), 1141211 105.8+£16.5 0.025
(mean=+SD)
Fractures to the surgery time 5.0(3.0,8.0) 6.0(4.0,9.0) 0.128
interval (day), medians (IQRs)
Preoperative PSQI score, 43+2.7 94+48 <0.001
(mean+SD)
Operation type, n (%) 0.045

Total hip arthroplasty 25(25.0) 3(7.0)

Bipolar hemiarthroplasty — 26(26.0) 14(32.6)

Internal fixation 49(49.0) 26(60.5)
Operation time (min), 119.9452.2 1233+£510 0.719
(mean=+SD)
Anesthesia duration (min), 176.9+544 175.6+48.9 0.891
(mean+SD)
Intraoperative blood loss 182241468 15931927 0.348
(ml), (mean+SD)
Hypertension, n (%) 50 (50.0) 24 (55.8) 0.523
Coronary heart disease, n (%) 22 (22.0) 18 (41.9) 0.015
Diabetes, n (%) 32(320) 14 (32.6) 0.948
Stroke,n (%) 9(9.0) 7(16.3) 0.329
Postoperative ICU admis- 30(30) 30(69.8) <0.001

sions, n (%)

NPD, no postoperative delirium; PD, postoperative delirium; SD, standard
deviation; PSQI, Pittsburgh sleep quality index; ICU, intensive care unit

with PD included: ASA classification, age, albumin
level, hemoglobin level, preoperative PSQI score, opera-
tion type, coronary heart disease and postoperative ICU
admissions (p<0.05) (Table 1).

Multiple logistic regression analysis demonstrated that
postoperative ICU admissions (OR=2.801, p=0.049) and
preoperative sleep disorders (OR=1.477, p<0.001) were
independently associated with PD (Table 2).

The ROC curve demonstrated that the preoperative
PSQI score was predictive of PD (AUC 0. 808, 95% CI
0.724-0. 892, p<0.001) (Fig. 2). The cutoff value was 7.5,
with a sensitivity of 60% and a specificity of 88%(Fig. 2).

Discussion
This study illustrated that preoperative sleep disorders
were independently correlated with PD, in addition to the
usual risk factors.

Delirium is frequently encountered in the ICU. Pre-
cipitating factors related to the treatment include:
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Table 2 Logistic regression for postoperative delirium as an
independent variable

Univariate analyses Multivariate
analyses
Crude OR p Adjusted p
(95% CI) OR* (95%
cl)
Preoperative PSQI 1.416(1.252- <0.001 1477(1.264- <0.001
score 1.602) 1.727)
Age 1.081 0.001 1.065(0.993- 0.080
(1.033-1.131) 1.143)
Albumin level 0.868(0.788- 0004  0.871(0.758- 0.052
0.955) 1.001)
Hemoglobin level 0.980(0.962— 0.351
0.998)
Operation type
Total hip Ref Ref
arthroplasty
Bipolar 4487 0.031 2.564(0426- 0304
hemiarthroplasty (1.149-17.526) 15419)
Internal fixation 4422 0.024  2625(0.520- 0.243
(1.225-16.044) 13.251)
Coronary heart 2.553 0.135
disease (1.183-5.516)
ASA classification
| Ref Ref
Il 2.053 0367  5.161(0452- 0.187
(0.431-9.785) 58.946)
Il 7.500 0019  1.103(0.304- 0.882
(1.400-40.178) 4.005)
Postoperative ICU 6.028(2.731- <0.001 2.801(1.004- 0.049
admissions 13.306) 7.811)

*Adjusted by Albumin level, Postoperative ICU admissions.

ROC Curve
10
0.8 ~
z 0.6
>
s
"
c
*
0.4/
0.2
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1 - Specificity

Fig. 2 Receiver operating characteristic (ROC) curve of preoperative Pitts-
burgh sleep quality index (PSQI) score of predictability for postoperative
delirium. (Fig. 2)
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respiratory failure, shock, metabolic disturbances, pro-
longed mechanical ventilation, pain, immobility, seda-
tives and adverse environmental conditions impairing
vision, hearing, and sleep [17]. Postoperative delirium
was also associated with baseline conditions in ICU
patients [18]. The management of ICU delirium has his-
torically been challenging, as very few pharmacological
options have demonstrated efficacy in treating delirium
once it develops. However, it is difficult to ensure that the
anesthesiologist involved in the assessment of a patient’s
postoperative delirium is completely unaware of whether
the patient is an ICU patient, because the conscious state
of the patient admitted to the ICU determines the need
for the patient to use the ICU-CAM to assess delirium.
ICU admission as a risk factor may therefore be biased.

Evidence suggests that undernutrition negatively
impacts health-related quality of life and postoperative
outcomes [19, 20]. Elderly patients with proximal femoral
fracture are often prone to metabolic disorders, low calo-
rie consumption, impaired nutrition and concomitant
cerebrovascular disease leading to impaired nutritional
intake [21]. However, there was no significant difference
in BMI or the Albumin level between the two groups. A
larger sample size may be needed.

Risk factors for PD can be roughly divided into two
categories: predisposing factors and precipitating fac-
tors. The predisposing factors include advanced age,
dementia, cognitive impairment, multiple medical dis-
eases, hearing and visual impairment, and history of
alcohol consumption. The precipitating factors include
pain, depression, anemia, infection, malnutrition, activ-
ity limitation, hypoxemia, dehydration and electrolyte
disturbances, acid-base imbalance, urinary retention and
constipation, medications (anticholinergic drugs, etc.)
and sleep disorders.

The mechanisms by which sleep disorders cause cogni-
tive and behavioral dysfunction are not well understood.
Both anxiety, depression and sleep apnea (OSA) can lead
to sleep disorders. Chronic insomnia caused by anxiety
and depression is associated with impairment of alert-
ness, orientation, and behavioral control [22, 23]. A previ-
ous study found that chronic intermittent hypoxemia and
hypercapnia that result from OSA can also impair atten-
tion, memory, and cognition [24]. It has been reported
that a large amount of cortisol production induced by
hypothalamic-pituitary-adrenal axis hyperexcitability
is transferred to the central nervous system, leading to
apoptosis of neurons in the hippocampal area through
activation of the brain-derived neurotrophic growth
factor-tropomyosin-related kinase B signaling pathway,
which may be a possible mechanism that explains how
sleep disorders influence cognitive and behavior dysfunc-
tion [25]. Another study illustrated that hypoxemia and
hypercapnia caused by long-term OSA can also damage
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vascular endothelial cells, improve the sensitivity of the
vasoconstrictive response, produce an oxidative stress
response leading to a hypercoagulable state, and increase
the risk of vascular dementia [26]. Moreover, another
study found that neuronal apoptosis induced by sleep dis-
orders, related to autonomic nervous system imbalance,
may also be the mechanism. Therefore, the relevance of
studying the impact of preoperative sleep quality on PD
for patients is clear.

In the current study, we found that ASA classification,
age, preoperative albumin level, preoperative hemoglo-
bin level, operation type, preoperative coronary heart
disease, and postoperative ICU admission may be risk
factors associated with PD through univariate analysis.
However, none were determined because of their interac-
tion with each other. We used multiple logistic regression
models to adjust for covariates, and the models showed
that preoperative sleep disorders and postoperative ICU
admission were reliable independent risk factors.

The AUC generated from the ROC curve can predict
the diagnostic value of a risk factor for the outcome. An
AUC greater than 0.7 means that the risk factor has a cer-
tain accuracy in predicting the outcome. The ROC curve
was used to observe the effect of the preoperative PSQI
score on the incidence of PD, and the AUC obtained
was 0.808, indicating that the preoperative PSQI score
is a diagnostic factor for PD. The results showed that the
PSQI had certain diagnostic value for PD.

Our study has some advantages in demonstrating that
preoperative sleep disorders are associated with PD.
First, prospective observational studies can avoid bias
caused by retrospective studies. Second, the preopera-
tive sleep quality of patients was assessed by the PSQI,
which has a sensitivity of 89.6% and a specificity of 86.5%
for the judgment of sleep quality. It can analyze sleep
disorders caused by anxiety, depression and breathing
problems, and describe sleep conditions comprehensively
and specifically. Third, the program of general anesthesia
was standardized to decrease the possibility of a narcotic
administration bias.

This study has several limitations. First, since this study
included elderly patients, subacute delirium may be
misdiagnosed as a deconditioning postoperative event.
Delirium could be underestimated when symptoms
involve hypoactive conditions. We are unsure of how a
higher incidence of PD could influence the outcome. Sec-
ond, the PSQI and CAM are self-report questionnaires
for sleep quality and delirium, so there must be some bias
in the diagnosis of SPD and PD. Polysomnography, elec-
troencephalography and blood tests may help. Third, this
study has a small sample size and a short research time.
Studies with larger sample sizes are needed.
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Conclusions

Preoperative sleeping disorders are an independent risk
factor leading to PD and an independent predictive fac-
tor of delirium in proximal femoral fracture patients aged
60 or older.

Acknowledgements
We would like to thank Dr. Yumei Liu and Dr. Jian Zhou for their help during
the data collection.

Authors’ contributions
Study design: Fuyi Han, Haichen Chu, Wei Feng. Data collection: Fuyi Han,
Xiaojie Liu, Hui Huang. The author(s) read and approved the final manuscript.

Funding
None.

Data Availability
The datasets used and analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate

Ethical approval was obtained from the Ethics Committee of the Affiliated
Hospital of Qingdao University (approval NO.: QYFYWZLL27312) and
conducted following the Declaration of Helsinki. All participants provided
written informed consent.

Consent for publication
Not applicable.

Received: 14 October 2022 / Accepted: 30 October 2023
Published online: 17 November 2023

References

1. Merchant RA, Lui KL, Ismail NH, Wong HP, Sitoh YY. The relationship between
postoperative Complications and outcomes after hip fracture Surgery. Ann
Acad Med Singapore. 2005;34(2):163-8.

2. Alexiou KI, Roushias A, Varitimidis SE, Malizos KN. Quality of life and psycho-
logical consequences in elderly patients after a hip fracture: a review. Clin
Interv Aging. 2018;13:143-50.

3. Albanese AM, Ramazani N, Greene N, Bruse L. Review of postoperative
delirium in geriatric patients after hip fracture treatment. Geriatric Orthop
Surg Rehabilitation. 2022;13:21514593211058947.

. Lipowski ZJ. Delirium (acute confusional states). JAMA. 1987;258(13):1789-92.

5. MunkL, Andersen G, Mgller AM. Post-anaesthetic emergence delirium in
adults: incidence, predictors and consequences. Acta Anaesthesiol Scand.
2016;60(8):1059-66.

6. ChenX, Liao Z ShenY, Dong B, Hou L, Hao Q. The relationship between
Pre-admission Waiting Time and the Surgical outcomes after Hip Fracture
Operation in the Elderly. J Nutr Health Aging. 2021;25(8):951-5.

7. FatehiHassanabad A, Bahrami N, Novick RJ, Ali IS. Delirium and depression
in cardiac Surgery: a comprehensive review of risk factors, pathophysiology,
and management. J Card Surg. 2021;36(8):2876-89.

8. Park SA, Tomimaru Y, Shibata A, Miyagawa S, Noguchi K, Dono K. Incidence
and risk factors for postoperative delirium in patients after Hepatectomy.
World J Surg. 2017;41(11):2847-53.

9. Wachtendorf LJ, Azimaraghi O, Santer P, Linhardt FC, Blank M, Suleiman A, et
al. Association between intraoperative arterial hypotension and postopera-
tive delirium after noncardiac Surgery: a retrospective Multicenter Cohort
Study. Anesth Analg. 2022;134(4):822-33.



Han et al. BMC Anesthesiology

(2023) 23:376

Wu J,Yin Y, Jin M, Li B. The risk factors for postoperative delirium in adult
patients after hip fracture Surgery: a systematic review and meta-analysis. Int
J Geriatr Psychiatry. 2021,36(1):3-14.

Jin'Z, Hu J, Ma D. Postoperative delirium: perioperative assessment, risk
reduction, and management. Br J Anaesth. 2020;125(4):492-504.

Cho MR, Song SK, Ryu CH. Sleep disturbance strongly related to the develop-
ment of postoperative delirium in proximal femoral fracture patients aged 60
or older. Hip & Pelvis. 2020;32(2):93-8.

Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice and research.
Psychiatry Res. 1989;28(2):193-213.

Inouye SK, van Dyck CH, Alessi CA, Balkin S, Siegal AP, Horwitz RI. Clarifying
confusion: the confusion assessment method. A new method for detection
of delirium. Ann Intern Med. 1990;113(12):941-8.

Ely EW, Inouye SK, Bernard GR, Gordon S, Francis J, May L, et al. Delirium

in mechanically ventilated patients: validity and reliability of the confu-

sion assessment method for the intensive care unit (CAM-ICU). JAMA.
2001,286(21):2703-10.

LiuY, Ma L, Gao M, Guo W, Ma Y. Dexmedetomidine reduces postopera-

tive delirium after joint replacement in elderly patients with mild cognitive
impairment. Aging Clin Exp Res. 2016,28(4):729-36.

Zaal lJ, Devlin JW, Peelen LM, Slooter AJ. A systematic review of risk factors for
delirium in the ICU. Crit Care Med. 2015;43(1):40-7.

Inouye SK, Charpentier PA. Precipitating factors for delirium in hospitalized
elderly persons. Predictive model and interrelationship with baseline vulner-
ability. JAMA. 1996;275(11):852-7.

Chermesh |, Hajos J, Mashiach T, Bozhko M, Shani L, Nir RR, et al. Malnutrition
in cardiac Surgery: food for thought. Eur J Prev Cardiol. 2014;21(4):475-83.

20.

21.

22.

23.

24.

25.

26.

Page 6 of 6

van Venrooij LM, de Vos R, Zijlstra E, Borgmeijer-Hoelen MM, van Leeuwen PA,
de Mol BA. The impact of low preoperative fat-free body mass on Infections
and length of stay after cardiac Surgery: a prospective cohort study. J Thorac
Cardiovasc Surg. 2011;142(5):1263-9.

Chu CS, Liang CK, Chou MY, Lin YT, Hsu CJ, Chou PH, et al. Short-form Mini
Nutritional Assessment as a useful method of predicting the development
of postoperative delirium in elderly patients undergoing orthopedic Surgery.
Gen Hosp Psychiatry. 2016;38:15-20.

Kim WH, Kim JH, Kim BS, Chang SM, Lee DW, Cho MJ, et al. The role of
depression in the insomnia of people with subjective memory impairment,
mild cognitive impairment, and Dementia in a community sample of elderly
individuals in South Korea. Int Psychogeriatr. 2017;29(4):653-61.
Fortier-Brochu E, Morin CM. Cognitive impairment in individuals with insom-
nia: clinical significance and correlates. Sleep. 2014;37(11):1787-98.

Shen YC, Kung SC, Chang ET, Hong YL, Wang LY. The impact of obesity in
cognitive and memory dysfunction in obstructive sleep apnea syndrome. Int
J Obes. 2019;43(2):355-61.

Gray JD, Milner TA, McEwen BS. Dynamic plasticity: the role of glucocorti-
coids, brain-derived neurotrophic factor and other trophic factors. Neurosci-
ence. 2013;239:214-27.

Butt M, Dwivedi G, Khair O, Lip GY. Obstructive sleep apnea and Cardiovascu-
lar Disease. Int J Cardiol. 2010;139(1):7-16.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Effect of preoperative sleep disorders on delirium in proximal femoral surgery patients aged 60 or older
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


