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Abstract

Purpose To investigate the impact of obstructive sleep apnea (OSA) on postoperative delirium (PD), and evaluate the effec-
tiveness of positive airway pressure (PAP) therapy on PD among OSA patients.

Methods We systematically searched Embase, Cochrane Library and PubMed databases from their establishment to Novem-
ber 27, 2022. A random-effects approach was employed to determine aggregated results. Subgroup and sensitivity analyses
were carried out to investigate heterogeneity.

Results Sixteen eligible studies were included in the analysis. Thirteen studies revealed that OSA significantly elevated the
likelihood of developing PD (OR=1.71; 95%CI=1.17 to 2.49; p=0.005). Subgroup analysis according to delirium assess-
ment scales showed that OSA did not exhibit an association with the incidence of PD assessed by the Confusion Assessment
Method-Intensive Care Unit (OR=1.14; 95%CI=0.77 to 1.67; p=0.51) but enhanced the likelihood of developing PD
evaluated with other measurement scales (OR =2.15; 95%CI=1.44 to 3.19; p=0.0002). Three additional studies explored
the impact of PAP treatment on PD among OSA individuals, indicating no significant reduction in PD incidence with PAP
use (OR=0.58; 95%CI=0.13 to 2.47; p=0.46).

Conclusions OSA may not be a risk factor for PD in critically ill patients in the intensive care unit, but may increase the like-
lihood of developing PD among individuals receiving regular care in the ward postoperatively. The efficacy of PAP therapy
in decreasing PD incidence among OSA patients remains debatable.
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Introduction

Delirium manifests as an acute neuropsychiatric symptom
marked by attention deficits, disruptions in consciousness,
and impairments in perception. Delirium is observed at a
substantial rate in postoperative patients, estimated between
11% and 51% [1, 2]. Postoperative delirium (PD) is linked
to long-term cognitive decline, prolonged hospitalization,
elevated mortality, and increased healthcare costs [2—4].
Therefore, identifying risk factors is essential for prevent-
ing the occurrence of PD.

Obstructive sleep apnea (OSA) is a common respiratory
disease, with prevalence rates estimated between 9% and
38% in adults aged 18 and above [5]. Due to the potential
for OSA to cause hypoxia and sleep structure disorders,
there has been growing interest in exploring its association
with delirium [6, 7]. However, the correlation between OSA
and PD has still been controversial. Some observational
studies suggested that OSA was predisposed to PD [8, 9]. A
meta-analysis by Sun X and colleagues suggested that OSA
increased the incidence of PD [10]. In contrast, He E and
colleagues showed no link between OSA and an elevated
risk of PD [11]. Previous reviews and meta-analyses may
have limitations in their inclusion criteria, such as not spe-
cifically targeting PD as a postoperative complication [10]
or not focusing on OSA-related sleep disturbances [11],
potentially leading to incomplete literature inclusion. More-
over, recent large-sample and high-quality studies, such as
King CR et al., presented conflicting results to previous
major findings, indicating that OSA did not demonstrate an
elevated risk for PD [10, 12, 13].

Therefore, we updated the meta-analysis by Sun X and
colleagues to quantitatively explore the role of OSA on PD
[10]. In addition, positive air pressure (PAP) is the preferred
and efficacious treatment for OSA patients [14, 15]. Some
randomized controlled trials (RCTs) have explored the role
of PAP treatment on decreasing the likelihood of PD in
OSA patients, but the conclusion has not been well estab-
lished [16-18]. Thus, we also analyzed current evidence on
the efficacy of PAP therapy in preventing PD among OSA
individuals.

Methods
Search strategy

The current meta-analysis was conducted according to the
preferred reporting items for systematic reviews and meta-
analyses (PRISMA) statement (Table S1 in supplementary
file) [19]. Two authors (YX and PJL)independently per-
formed a thorough search of relevant literature from the
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inception of Embase, PubMed, and Cochrane Library data-
bases up to November 27, 2022. Furthermore, the authors
examined the citation lists of the encompassed studies to
discover any additional potentially eligible studies. Any
inconsistencies were addressed by consulting the third
contributor (ZAL). The search terms were: (“Sleep Apnea
Syndromes” OR “Sleep Apnea, Obstructive” OR “Obstruc-
tive Sleep Apnea Syndrome” OR “Obstructive Sleep Apnea
Hypopnea Syndrome” OR “Sleep Apnea, Sleep Disordered
Breathing”) AND (“Postoperative Complications” OR
“Confusion” OR “Delirium”), with no language restric-
tions.The detailed retrieval strategy for PubMed database
was listed in Table S2 in supplementary file.

Inclusion and exclusion criteria

The inclusion criteria for evaluating the impact of OSA on
postoperative complications were: (1) patients undergoing
operation; (2) cohort or case-control studies which were
divided into OSA and non-OSA groups to compare the
effects of OSA on complications after surgery; and (3) post-
operative complications involving delirium at least. Addi-
tionally, the criteria for assessing the effects of PAP therapy
on complications following surgery were: (1) individuals
diagnosed with OSA receiving surgical procedures; (2)
RCTs which were divided into PAP and routine care groups
to compare the effects of PAP on postoperative complica-
tions; and (3) postoperative complications involving delir-
ium at least.

The exclusion criteria were: (1) non-adult patients
(age < 18 years old); (2) studies not available in English;
(3) incomplete data or unable to be extracted; or (4) no full
article.

OSA was diagnosed by polysomnography (PSG), over-
night oximetry, apnea-hypopnea index (AHI), or screening
questionnaire, etc. Delirium was diagnosed by some delir-
um assessment tools or medical records. The routine care
group was defined as receiving standard care equivalent
to the PAP group, with the exception of not utilizing PAP
therapy.

Data extraction

Data collection and extraction from the identified litera-
ture were conducted by two researchers (YX and PJL) in
accordance with the predefined criteria. The third contrib-
utor (ZAL) was consulted to address any disagreements.
The extracted data included study design, author’s name,
sample size, publication date, population characteristics
(gender, mean age, and body mass index [BMI]), anes-
thesia type, operation type, criteria for OSA, criteria for
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delirium, interventions for OSA, number of PD patients,
and hospital length.

Study outcomes

The main result was the rate of PD between OSA and non-
OSA groups. The secondary outcomes included the hos-
pital length between OSA and non-OSA groups, and the
PD rate in PAP and routine care groups in OSA patients.

Qualitative evaluation and bias assessment

The quality and potential bias of enrolled studies were inde-
pendently evaluated by two researchers (YX and PJL), with
any discrepancies being resolved by consulting the third
author (ZAL). The Newcastle-Ottawa scale (NOS) was
used to assess the quality of the included case-control and
cohort studies [20]. The NOS has a total score of 10, with
a score of 7 or higher considered indicative of high quality.
The quality of enrolled RCTs was assessed by the Cochrane
Collaboration’s Risk of Bias tool and categorized as low,
high, or unclear risk [21].

Statistical analysis

We conducted statistical analysis using Review Manager
5.3 and Stata 15 software. Categorical variables were

analyzed by using odds ratio (OR) and corresponding 95%
confidence interval (CI) for the assessment of outcome
effects. Continuous variables were assessed by using mean
difference (MD) and its 95%CI [22]. When 12>50% and
p<0.05, it was considered as significant heterogeneity, and
the random effects model was employed to analyze data.
Exploration of heterogeneity involved sensitivity and sub-
group analyses. The funnel plot and Begg’s test were used to
explore publication bias. A statistically significant threshold
was established at p < 0.05.

Results
Study selection

A flowchart outlining the selection process is displayed in
Fig. 1. Following the database search, 8098 articles were
initially enrolled, with an additional 4 articles included after
screening the reference lists. 2988 articles were removed
due to duplication checking. Subsequently, 5029 articles
were removed after abstract assessment. 85 studies were
remained for entire text assessment. Further exclusions
were made based on the following criteria: PD not related
to OSA (n=1), postoperative complications not involving
PD (n=35), no control groups (n=29), or not available

Postoperative complications not involving PD (n=33)

Fig. 1 Flow diagram showing literature screening process and results
Note The specific numbers of databases and documents retrieved are
shown as follows: PubMed (n=1988), EMbase (n=4069), Medline
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in English (n=4). Finally, 16 studies were enrolled in our
meta-analysis.

Characteristics of included studies

The basic characteristics of the 16 enrolled studies with
12,806 patients [8, 13, 16—18, 23—33] are shown in Table 1.
Of them, 13 studies [8, 13, 23—33] enrolling 12,386 patients
described PD rates between OSA and non-OSA groups,
including 6 retrospective studies and 7 prospective stud-
ies. The remaining 3 studies [16—18] involving 420 patients
were all randomized controlled trails and illustrated the rate
of PD in PAP and routine care groups. Patients in 6 stud-
ies [16-18, 23, 8, 30] underwent orthopedic surgery, while
patients in the other studies [13, 24-29, 31-33] underwent
other major surgeries. OSA diagnosis criteria varied across
the studies, with 7 studies using PSG [23-25, 27, 8, 30, 33],
while others based on the STOP-Bang questionnaire or other
assessments [13, 16—18, 26, 28, 29, 31, 32]. For the delirium
assessment tools, 5 studies [13, 25-28] used the Confusion
Assessment Method-Intensive Care Unit (CAM-ICU), while
the remaining studies [16—18, 23, 24, 29-33] adopted other
measurement scales, such as Confusion Assessment Method
(CAM), Delirium Rating Scale-Revised-98 (DRS.R-98), or
Nursing Delirium Screening Scale (Nu-DESC). There are
some differences between those delirium assessment tools.
On the one hand, these tools are designed for different users.
CAM is designed for non-psychiatrists [34], while DRs.R-
98 is designed for psychiatrists [35], and Nu-DESC is
designed for caregivers [36]. Most importantly, on the other
hand, CAM-ICU aims to evaluate delirium in ICU patients,
especially those undergoing intubation and not able to com-
municate [37].

Methodological quality and bias

The quality evaluation and risk of bias for the enrolled
articles are detailed in Table S3 in supplementary file. The
assessment scores of 13 included studies using the NOS [8,
13, 23-33] were equal to or greater than 7 points, suggest-
ing that each research was of high quality. All of enrolled
RCTs adopted random assignment and allocation conceal-
ment with low risk [16—18]. The intervention of using PAP
therapy made it challenging to implement blinding on par-
ticipants, resulting in high risk of performance bias. Totally,
the quality of enrolled trials was moderate to high.

Pooled analysis of effect of OSA on PD
A total of 13 studies [8, 13, 23-33] with 12,386 patients

investigated the impact of OSA on PD, revealing a sig-
nificant association between OSA and an elevated rate of
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PD (OR=1.71; 95%CI=1.17 to 2.49; p=0.005) with
high heterogeneity (12=69%; p=0.0001). One study by
Kaw R et al. [24] was considered potential bias due to the
absence of PD among patients without OSA and was there-
fore excluded.After removing the research of Kaw R et
al. [24], the results indicated that OSA still had an impact
on the incidence of PD (OR=1.64; 95%CI=1.14 to 2.38;
p=0.008), but the heterogeneity was not reduced (12 =69%;
p=0.0002). We conducted subgroup analysis according to
the delirium assessment tools to explore heterogeneity. The
statistical results of the studies evaluated with the CAM-
ICU indicated that OSA showed no correlation with the risk
of PD (OR=1.14; 95%CI1=0.77 to 1.67; p=0.51) with het-
erogeneity (I12=62%; p=0.03), while the results of stud-
ies evaluated by other delirium assessment tools indicated
that OSA was linked to an elevated rate of PD (OR=2.15;
95%Cl=1.44 to 3.19; p=0.0002) without statistical hetero-
geneity (12=8%; p=0.37) (Fig. 2). In addition, to address
potential selection bias, only studies using PSG as diag-
nostic tools for OSA detection were retained [23-25, 27,
8, 30, 33], yielding consistent results. OSA diagnosed by
PSG was not associated with PD rates evaluated with CAM-
ICU (OR=1.15; 95%CI=0.47 to 2.81; p=0.77) without
heterogeneity (12=0%; p=0.36), while it raised PD rates
evaluated with other delirium assessment scales (OR =2.74;
95%CI=1.63 to 4.60; p=0.0001) without statistical hetero-
geneity (12=10%; p=0.34) (Fig. SI in the supplemental
material).

Length of hospital stay

In the 13 included studies [8, 13, 23-33], 4 studies [24, 28,
30, 32] provided data on the hospitalization duration. Pooled
results suggested that OSA increased the hospitalization
duration (MD=1.10; 95%CI=0.53 to 1.66; p=0.0001)
without statistical heterogeneity in postoperative patients
(I2=44%; p=0.15) (Fig. S2 in the supplemental material).

Pooled analysis of impact of PAP treatment on PD
among OSA individuals

Of the 16 studies included [8, 13, 16-18, 23-33], 3 RCTs
[16-18] comprising 420 OSA individuals explored the effi-
cacy of PAP therapy on PD. As indicated in Fig. 3, PAP
therapy failed to decrease the likelihood of PD among OSA
individuals (OR=0.58; 95%CI=0.13 to 2.47;, p=0.46)
without statistical heterogeneity (12=44%; p=0.17).

Publication bias

There were various sources of heterogeneity in our subgroup
analysis, including criteria for OSA and PD, operation type,
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Table 1 Baseline characteristics of included studies

Author, Study design Sample Age Male  BMI Anesthesia  Operation type Criteria for  Criteria for
Year size (M +SD) (%) (M +£SD) type OSA delirium
Flink BJ,  Prospective OSA:  703+33 533% 36.1+7.9  Both general Knee arthroplasty PSG CAM 2,
etal. 2012 cohort 15 74+5.1 42.86% 30.5+6.8  and regional DRS-R98
[23] Non- anesthesia ® DSM-1V,
OSA: patient chart
91 records
Kaw R, et Retrospective ~ OSA: 559+12.2 44.7% 383+11.1 Bothgeneral Abdominopelvic, AHI>5 Stated by
al. 2012 cohort 282 463+143 19.6% 33.0+9.5 and other ENT, gynecol- hospital
[24] Non- anesthesia ogy, neurosurgical, records
OSA: orthopedic, thoracic,
189 urology, vascular,
other
King CR, Retrospective OSA: 61.7+11.9 67% 33.5+84  General Major operations Self- CAM-ICU ¢
etal. 2020 cohort 2044 583+162 55% 27.5+6.5 anesthesia (Other organ trans-  reported,
[13] Non- plant, cardiovascular billing
OSA: system, digestive diagnosis,
5748 system, female geni- or STOP-
tal organs, integu- BANG
mentary system, questionnaire
musculoskeletal sys- score>4, as
tem, nervous system, well as self-
respiratory system,  reported use
urinary system and  of preopera-
other) tive positive
airway
pressure
Roggen-  Prospective OSA: NA NA NA General Cardiac surgery AHI>5 CAM-ICU
bach J, et cohort 83 NA NA NA anesthesia
al. 2014 Non-
[25] OSA:
Strutz PK, Retrospective ~ OSA: NA 30.1% NA General Non-neurosurgical STOP- CAM,
etal. 2019 cohort 1173 655+135 164% 259+4.5  anesthesia BANG 3D-CAM
[26] Non- score >3 dor
OSA: CAM-ICU
268
Tafelmeier Prospective OSA: NA NA NA NA Cardiac surgery Portable CAM-ICU
M, etal. cohort 37 NA NA NA SDB monitor
2019 [27] Non- the night
SDB: before
69 surgery
Wang S,  Prospective OSA: 628493 825% 30.1+72 NA Thoracic Surgery STOP- CAM-ICU
etal. 2018 cohort 97 50.6+18.0 51.6% 26.8+5.6 BANG ques-
[28] Non- tionnaire >3
OSA:
31
Wong Retrospective  OSA: NA 58.5% NA NA General, gastroin- STOP- Medical
AM, etal. cohort 234 64.6+15.0 11.8% 26.6+4.6 testinal, orthopedic, BANG ques- records
2020 [29] Non- urological, neurosur- tionnaire >3
OSA: gical or major gyne-
76 cological surgery
WuWQ, Retrospective  OSA:  69.29+3.49 52% 25.09+3.43 NA Joint replacement PSG CAM
etal. 2022 cohort 50 68.90+4.79 55% 24.97+3.56
[8] Non-
OSA:
80
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Table 1 (continued)

Author, Study design Sample Age Male BMI Anesthesia ~ Operation type Criteria for  Criteria for
Year size (M +SD) (%) (M £SD) type OSA delirium
Gupta Retrospective ~ OSA 69.7+7.1 66.7% 33.9+6.8 General Hip or Knee Signs, symp- Stated by
RM, etal. case-control (undiag- 66.7+7.9  70.8% 33.2+5.0  and Spinal Replacement surgery toms, PSG,  caregiver
2001 [30] nosed): 69.4 69.3% 30.2+8.2  anesthesia a highly
36 abnormal
OSA pattern of
(diag- activity on
nosed): overnight
65 oximetry
Non-
OSA:
101
Leung JM, Prospective OSA: NA NA NA NA Major non-cardiac Actigraphy, CAM
etal. 2015 cohort 11 NA NA NA surgery GSDS,
[31] Non- PSQI and a
OSA: sleep diary
39 (St. Mary’s
Hospital
Question-
naire)
Pereira H, Prospective OSA:  63+12.0 63% 28+5.2 Local Intraabdominal, mus- STOP- Nu-DESC ¢
etal. 2013 cohort 179 48+18.7 21% 25+4.5 regional culoskeletal, head BANG
[32] Non- and general  and neck surgery score >3
OSA: anesthesia
161
Chan Prospective OSA: NA 63.7% NA NA Major noncardiac Respira- CAM
MTV,et  cohort 823 66+9 51.6% NA Surgery tory event
al. 2019 Non- index>5,
[33] OSA: based on
395 preop-
erative por-
table sleep
monitoring
O’Gorman Randomized OSA:  65.7+10.7 85.1% 36.1+63 NA Elective total knee Validated MMSE,
SM, etal. controlled trial 86 or hip arthroplasty Flemons MDAS
2013 [17] surgery sleep apnea
clinical score
Wong J, Randomized OSA: 682+62 58.6% 333+63 NA Elective hip or knee HSAT CAM
etal. 2022 controlled trial 220 replacement
[18]
Nadler Randomized OSA: NA 40.4% NA Regional Joint arthroplasty STOP-Bang DRS-R-98,
JW, etal. controlled trial 114 anesthesia score >3 CAM
2017 [16] with sedation
or general
anesthesia

Note OSA =Obstructive Sleep Apnea, NA =Not Available, BMI=Body Mass Index, PSG =Polysomnography, AHI = Apnea-Hypopnea Index,
GSDS =General Sleep Disturbance Scale, PSQI =Pittsburgh Sleep Quality Index, HSAT =Home Sleep Apnea Test, DSM-IV =Diagnostic and
Statistical Manual of Mental Disorders-1V, MMSE =Mini-Mental State Examination, MDAS =Memorial Delirium Assessment Scale

# CAM =Confusion Assessment Method, it is a four-item screening tool based on criteria for delirium from the DSM-III-R and requires the
presence of acute onset and fluctuating course, inattention and either disorganized thinking or an altered level of consciousness to suggest a
diagnosis of delirium

® DRS-R98 =Delirium Rating Scale-Revised-98, it is a 16-item delirium symptom rating scale with anchored severity ratings for a broad range
of symptoms, which has been validated to discriminate between dementia and other neuropsychiatric conditions

¢ CAM-ICU = Confusion Assessment Method-Intensive Care Unit, it is a modification of the confusion assessment (CAM) method designed to
evaluate the existence of ICU patients, especially those with endotracheal intubation and unable to speak

43D-CAM =3-minute Diagnostic interview for Confusion Assessment Method, it is a delirium diagnostic scale developed on the basis of CAM

¢ Nu-DESC =Nursing Delirium Screening Scale, it is a five-item scale that is ideal for nurse-specific delirium screening scales
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Odds Ratio
M-H. Random, 95% CI

Odds Ratio

OSA non-OSA

Study or Subgroup Events Total Events Total Weight M-H.Random. 95% CI
1.2.1 CAM-ICU

King, C.R., etal 2020 897 2044 2740 5748 420%

Roggenbach, J., et al. 2014 41 a3 3 9 B.1%

Strutz, P. K, etal. 2018 263 1173 44 268 31.8%

Tafelmeier, M., et al. 2019 5 ar 11 B9 9.0%

Wang, 8., etal. 2018 26 97 3} M 1M11%

Subtotal {95% CI) 3434 6125 100.0%

Total events 1232 2804
Heterogeneity: Tau®= 0.09; Chi*=10.55, df=4 (P=0.03); F=62%
Test for overall effect Z= 0.66 (P=0.51)

1.2.2 Others

Chan, M. T.%., etal. 2019 43 823 12 395 30.3%
Flink, B.J., etal. 2012 8 15 19 91 11.4%
Gupta, R. M., etal. 2001 10 101 3 1M 8.5%
Leung, J. M., etal 2015 3 11 4 38 54%
Pereira, H., etal. 2013 23 179 16 1681 28.4%
Wong, A-M., etal. 2020 8 234 2 76 B1%
Wi, WL QL etal. 2022 10 50 4 80 99%
Subtotal {95% CI) 1413 943 100.0%
Total events 105 60

Heterogeneity: Tau®=0.02; Chi*=6.53, df=6 (P=0.37); F=8%
Test for overall effect: Z= 3.78 (P = 0.0002)

0.86 [0.78, 0.95]

1.95 [0.46, 8.33] —
1.47 [1.04, 2.09]
0.82 [0.26, 2.59]
1.63[0.56, 4.14] —]
1.14[0.77, 1.67] >

i

gl

1.76 (0,92, 3.38]
4.33[1.39, 13.45)
3.59 [0.96, 13.46]
3.28 [0.61, 17.65] —
1.34 [0.68, 2.63] =
1.31[0.27, 5.31]
4.75[1.40, 16.11]
2.15 [1.44, 3.19]

0.01 0.1 10 100

Favours [OSA] Favours [non-OSA]

Fig. 2 Forest plots of the effect of OSA on PD. Note OSA=Obstructive Sleep Apnea, PD = Postoperative Delirium, CAM-ICU = Confusion

Assessment Method-Intensive Care Unit, CI= Confidence Interval

PAP Routine care Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
MNadler, J.W., etal 2017 12 58 ] 56  55.0% 1.36[0.52, 3.54] —i—
O'Garman, 8. M., etal. 2013 ] 43 2 43 17.2% 0.19[0.01, 4.09] ¢
Wong, J., etal. 2022 1 106 5 114 27.8% 0.21[0.02,1.81] =
Total (95% CI) 207 213 100.0% 0.58 [0.13, 2.47] —atl—
Total events 13 16
Heterogeneity: Tau*=0.77, Chi*= 355, df =2 (P=017);, F= 44% '1101 Uf1 1 1'0 100‘

Test for overall effect: Z=0.74 (P = 0.46)

Favours [PAP] Favours [Routine care]

Fig. 3 Forest plot of the effect of interventions for OSA patients on the rate of PD. Note OSA = Obstructive Sleep Apnea, PD =Postoperative

Delirium, PAP = Positive Airway Pressure, CI=Confidence Interval

and anesthesia type. Egger’s test indicated no notable bias in
either the assessment of OSA and PD using the CAM-ICU
(»=0.806) or in evaluating OSA and PD by other delirium
assessment tools (p=0.764) (see in Fig. S3 in the supple-
mental materials).

Discussion

Our meta-analysis found that OSA patients faced over a 1.5
times higher likelihood of developing PD compared to those
without OSA. Subgroup analyses showed that OSA did not
exhibit an association with the incidence of PD diagnosed
by the CAM-ICU, while OSA elevated PD rates diagnosed
by other delirium assessment scales. Besides, OSA was

related to a prolonged hospital stay. Moreover, PAP therapy
did not demonstrate efficacy in decreasing the prevalence of
PD among OSA patients.

According to our findings, OSA increased the likelihood
of PD, consistent with previous meta-analyses [10, 12].
However, the heterogeneity of this result in our study was
significant, which might be caused by study design, and
diagnostic criteria for OSA and PD. The onset of PD can
be influenced by the patients’ critical condition, ICU stay
duration, and postoperative sedation length [38]. Not all the
included studies specified whether patients after surgery
were either hospitalized in the ICU or on a general ward,
therefore we were unable to conduct subgroup analysis
based on the postoperative treatment location.Some studies
have shown that the tools for assessing PD are different in
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patients with different conditions [34-37, 39]. The CAM-
ICU is designed for patients in ICU, especially for intubated
patients [37], while other delirium assessment tools such as
CAM, DRs.R-98, and Nu-DESC are available to different
specialists or caregivers to assess PD in non-ICU settings
[34-36]. According to the applicable population and char-
acteristics of delirium assessment tools, we could indirectly
speculate that patients with PD diagnosed by the CAM-ICU
were in serious condition and needed intensive care in ICU,
while patients with PD assessed by other delirium assess-
ment tools were in stable condition and could be cared for
in the ward. Therefore, we performed a subgroup analysis
according to the delirium assessment tools to indirectly
reflect the effect of OSA on PD in different locations (ICU
or ward). Our subgroup analysis suggested that OSA did not
exhibit an association with the incidence of PD in patients
requiring intensive ICU care after operations, while OSA
individuals had a higher incidence of developing PD if they
only required regular ward care following surgery.

It is still not clear how OSA contributes to a higher inci-
dence of PD. Reduced oxygen metabolism in OSA might
play a role [22]. Patients with OSA suffer from airway col-
lapse, disrupted sleep, and repetitive decreases in oxygen
levels, which may damage the brain and result in the cogni-
tive dysfunction [10, 40]. A study by Zimmerman ME et
al. suggested that the main mechanism by which sleep-dis-
ordered breathing affected cognition was chronic intermit-
tent hypoxemia [41]. This study presented a microvascular
model proposing that chronic intermittent hypoxemia trig-
gered vasculopathy by chemoreflex activation, pressor
effect, and endothelial dysfunction. Ultimately, these vascu-
lar changes manifested as cognitive impairment in elderly
people [41]. Other possible mechanisms linking OSA and
delirium might involve elevated levels of proinflammatory
cytokines due to OSA or chronic oxidative stress. OSA has
been shown to be an inflammatory process [42, 43]. Many
studies provide evidence for the significant involvement
of inflammatory cytokines during the progression of delir-
um [44, 45]. Thus OSA may have an association with an
increased likelihood of developing PD. While in ICU some
measures taken to protect the airway may attenuate the
impact of OSA on delirium, such as endotracheal intuba-
tion and tracheostomy, which could keep the airway open
and may prevent cerebral hypoxia and delirium caused by
airway collapse [40].

In our study, patients assessed by the CAM-ICU had
higher delirium rates compared to those evaluated by other
delirium assessment tools. In the CAM-ICU subgroup,
King CR et al. reported a 47% incidence of PD among 7792
patients [13]. Roggenbach J et al. indicated that 48% of
92 patients undergoing elective cardiac surgery developed
delirium after surgery [25]. In another subgroup, Chan MTV
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and colleagues indicated that the rate of PD among patients
with major noncardiac operation was only 5% [33]. Wu WQ
et al. observed a 11% incidence of PD among 130 patients
[8]. Patients who are in serious condition and need intensive
care in ICU after operations may have longer intraoperative
anesthesia and postoperative sedation, which can increase
the occurrence of PD [38, 46, 47].

PAP is considered as the preferred therapy among OSA
patients [48]. Theoretically, PAP should effectively reduce
the incidence of hypoxemia and complications following
surgery among OSA individuals [49]. However, it is debat-
able whether PAP therapy can affect postoperative compli-
cations in OSA patients [10, 50, 51]. There are currently
no specific meta-analyses investigating the role of PAP
on PD among OSA. Our meta-analysis data indicated no
notable distinction in PD rates between the PAP and rou-
tine therapy groups, which may be due to low adherence.
Potential factors contributing to the limited adherence to
PAP therapy following surgery include vomiting, nausea,
and discomfort in the postoperative phase [52]. Besides,
there is no consensus on whether PAP therapy should be
used already before or only after surgery. The timing of PAP
initiation varied across studies enrolled in our meta-anal-
ysis. The studies conducted by O’Gorman SM and Wong
J colleagues administered PAP therapy to patients after
surgery [17, 18], whereas in the study by Nadler JW et al.,
PAP therapy was given around the time of surgery [16]. The
practice guideline issued by the American Society of Anes-
thesiologists suggested the commencement of PAP therapy
before surgery whenever feasible [53]. Liao and colleagues
found that perioperative application of PAP therapy led to
a pronounced reduction in postoperative AHI among OSA
individuals [52]. In a meta-analysis of perioperative PAP for
OSA patients by Nagappa M et al., patients in the PAP group
had a shorter hospital stay compared to those in the non-
PAP group [50]. The clinical heterogeneity on the timing of
PAP therapy may have an important role on the incidence
of PD among OSA individuals. Therefore, further RCTs are
required to explore the timing of PAP therapy in periopera-
tive individuals with OSA.

Compared to the previous meta-analysis by Sun and
colleagues [10], our study reduced the interference of the
severity of the disease itself on PD. As mentioned above, the
CAM-ICU is generally used to assess PD in ICU patients
with serious condition [37], while other delirium assess-
ment tools are commonly designed to assess delirium in
non-ICU patients only needing regular care [34—36]. There-
fore, our subgroup analysis based on delirium assessment
tools could indirectly reduce the effect of disease severity on
PD. In addition, our study included more comprehensive lit-
erature [13, 17, 18, 30, 31]. Especially, a new retrospective
single-center cohort study by King CR et al. [13] enrolling
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7792 patients, found contrary results compared to the previ-
ous literature [10], suggesting that OSA did not exhibit an
association with an elevated rate of PD.

Our study also had a few limitations. First of all, the non-
randomization design of the included studies may introduce
residual confounding due to unmeasured variables. Factors
such as different OSA diagnostic criteria, variations in anes-
thesia types, and differences in perioperative pain manage-
ment were not considered. Further RCTs involving different
unmeasured variables are needed in this field. Secondly,
the Intensive Care Delirium Screening Checklist (ICDSC)
is one of the most well-known questionnaires to assess
delirium [34], but no included studies used the ICDSC, pos-
sibly due to challenges in its administration for ventilated
patients. Those who use this scale need professional training
to interpret the results correctly. Besides ICDSC requires
a specific timeframe for assessment, which can cause an
increase of false positives [34, 54]. Thirdly, heterogeneity
was found in some results. Because of the restricted num-
ber of studies, a comprehensive examination of diversity
was not always achievable. Some measures were taken to
address heterogeneity, including the use of a random-effects
model when 12>50% and conducting sensitivity and sub-
group analyses. We investigated the variability of outcomes
derived from sufficient studies and verified the credibility.
Finally, the timing of PAP initiation was not well recorded,
resulting in poor interpretation of results. Further trials are
essential to address these gaps in knowledge.

In conclusion, OSA may not be a risk factor for PD in
critically ill patients in the intensive care unit, but may
increase the likelihood of developing PD among individu-
als receiving regular care in the ward postoperatively. The
efficacy of PAP therapy in decreasing PD incidence among
OSA patients remains debatable. Future well-designed trials
especially RCTs are required to further evaluate the role of
OSA on PD and the efficacy of PAP therapy in decreasing
the occurrence of PD among OSA patients.
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