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Abstract 

Background: Postoperative delirium (POD), one of the most common complications following major surgery, 
imposes a heavy burden on patients and society. The objective of this exploratory study was to conduct a secondary 
analysis to identify whether there exist novel and reliable serum biomarkers for the prediction of POD.

Methods: A total of 131 adult patients (≥ 65 years) undergoing lower extremity orthopedic surgery with were 
enrolled in this study. Cognitive function was assessed preoperatively with Mini‑Mental State Examination (MMSE). 
Delirium was diagnosed according to the Confusion Assessment Method (CAM) criteria on preoperative day and 
postoperative days 1–3. The preoperative serum levels of a panel of 16 biochemical parameters were measured by 
ELISA.

Results: Thirty‑five patients developed POD, with an incidence of 26.7%. Patients in POD group were older (P = 0.001) 
and had lower preoperative MMSE scores (P = 0.001). Preoperative serum levels of prostaglandin E2 (PGE2, P < 0.001), 
S100β (P < 0.001), glial fibrillary acidic protein (P < 0.001) and neurofilament light (P = 0.002) in POD group were 
significantly increased. Logistic regression analysis showed that advanced age (OR = 1.144, 95%CI: 1.008 ~ 1.298, 
P = 0.037), higher serum neurofilament light (OR = 1.003, 95%CI: 1.000 ~ 1.005, P = 0.036) and PGE2 (OR = 1.031, 
95%CI: 1.018 ~ 1.044, P < 0.001) levels were associated with the development of POD. In addition, serum level of PGE2 
yielded an area under the ROC curve (AUC) of 0.897 to predict POD (P < 0.001), with a sensitivity of 80% and a specific‑
ity of 83.3%.

Conclusions: Our study showed that higher preoperative serum PGE2 level might be a biomarker to predict the 
occurrence of POD in elderly patients undergoing elective orthopedic surgery.

Trial registration: NCT03792373 www. clini caltr ials. gov.

Keywords: Postoperative delirium, Biomarker, PGE2, Orthopedic surgery

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Postoperative delirium (POD), characterized by an acute 
and fluctuating disturbance in awareness, cognition and 
attention, is one of the most common complications fol-
lowing major surgery [1, 2]. Although the incidence of 
POD in the general surgical population is 2.5–3%, it can 
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afflict 12% to 51% of patients undergoing orthopedic 
surgery [3]. In high-risk patient groups, the incidence of 
POD is reported to be 50–70% [4]. Notably, the incidence 
of POD is significantly associated with increased morbid-
ity and mortality, activities of daily living impairment, 
and global cognitive decline [5, 6].

The risk factors for POD are multiple and its patho-
physiology remains poorly understood. Previous studies 
have demonstrated that advanced age, high-risk surgical 
procedures, cardiopulmonary comorbidities, poor func-
tional status, preoperative fragility and cognitive impair-
ment, pain and metabolic derangement might contribute 
to the occurrence of POD [7–9]. In animal studies, it has 
been proposed that neuroinflammation, neurohormone 
alterations, apoptosis, and oxidative stress may be the 
underlying molecular mechanism of POD [10–12]. As 
effective strategies exist to prevent the occurrence and 
development of POD [3, 4], especially in the high-risk 
population, there is a growing necessity to identify those 
patients who are vulnerable to POD.

Biomarkers not only indicate a certain pathological 
state, but also provide information about disease activ-
ity and progression. Although several biomarkers are 
reported to predict POD [10, 13], biomarkers with high 
sensitivity and specificity are still lacking. Therefore, we 
conducted this study aiming at identifying novel and reli-
able biomarkers for the prediction of POD. In the present 
study, a panel of 16 biochemical parameters in serum 
samples from elderly patients undergoing elective ortho-
pedic surgery were assessed, including brain derived 
neurotrophic factor (BDNF), fibroblast growth factor-23 
(FGF-23), irisin, C3a, C3, C5a, interleukin-17A (IL-17A), 
interleukin-33 (IL-33), prostaglandin E2 (PGE2), S100β, 
glial fibrillary acidic protein (GFAP), neurofilament 
light (NfL), vascular cell adhesion molecule 1 (VCAM1), 
E-selectin and matrix metalloprotein 9 (MMP9). Among 
them, BDNF, FGF-23 and irisin were selected because 
they are associated with neurocognitive regulation [14–
16]. S100β, NfL and GFAP were implicated in neuronal 
injury [17, 18]. In addition, biochemical parameters 
associated with complement cascade (C3a, C3, C5a) 
and inflammatory response (IL-17A, IL-33, E-selectin, 
MMP9) were involved as well. These pathophysiological 
changes have been reported to play an essential part in 
the occurrence and development of POD [3, 4].

Methods
Study overview
This prospective observational study was approved 
by the local institutional research ethics board of 
Zhongda Hospital affiliated to Southeast University 
(2018ZDSYLL144-P01) and registered on ClinicalTrials.
gov as. NCT03792373. The primary aim of this study was 

to determine which factors significantly influence post-
operative outcome. As POD is a serious postoperative 
adverse complication, we included it as one of the indi-
cators in this study. We performed this study according 
to the ethical principles for medical research involving 
human subjects detailed in the Declaration of Helsinki. 
Subjects were enrolled form February 1 to June 1, 2019. 
Written informed consent was obtained from patients 
prior to participation. In this secondary analysis, the 
inclusion criteria were age ≥ 65 years, American Society 
of Anesthesiologists (ASA) status I-III and undergoing 
elective lower extremity orthopedic surgery. Exclusion 
criteria were baseline delirium, refusal to follow the 
experimental procedures, inability to communicate with 
reach staff (Fig. 1).

Delirium and cognition assessment
Mini-mental state examination (MMSE) was used to 
assess the preoperative cognitive function of partici-
pants on the day before surgery. The Confusion Assess-
ment Method (CAM) was utilized for the evaluation of 
delirium, which comprises four clinical features: (a) acute 
onset of cognitive changes with a fluctuating course, (b) 
inattention, (c) disorganized thinking, and (d) altered 
level of consciousness. The diagnosis of delirium was 
based on the presence of (a) and (b) plus either (c) or (d). 
For baseline delirium assessment, participants enrolled 
were evaluated by a well-trained anesthesiologist on 
the day before surgery. For POD diagnosis, participants 
enrolled were evaluated by the same anesthesiologist 
twice daily on postoperative days 1–3.

Biochemical measurements
Patients had blood draws in the morning on the day 
before surgery. The collected serum samples were stored 
at -80℃ for the later detection. The serum levels of 16 
biochemical parameters were measured by enzyme 
linked immunosorbent assay (ELISA, CUSABIO, Wuhan, 
China), including BDNF, FGF-23, irisin, C3a, C3, C5a, IL-
17A, IL-33, PGE2, S100β, GFAP, NfL, VCAM1, E-selec-
tin and MMP9.

Statistical analysis
This was a secondary analysis of data from a prospective 
observational study. Statistical analysis was performed 
using the SPSS version 25.0 software (SPSS, Chicago, IL). 
Normally distributed quantitative data were presented 
as mean and SD and were analyzed with independent-
sample t-test, while non-normally distributed quanti-
tative data were presented as median and interquartile 
range (IQR) and were analyzed with Mann–Whitney 
U test. Categorical data were analyzed with χ2 test or 
Fisher exact test. The effect size of all significant group 
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differences was calculated with the formula Cohen’s 
d =  (MA-  MB) / σ or r = Z / 

√

N  depending on the distribu-
tion of the data [19]. The risk factors for POD were evalu-
ated by multivariate logistic regression analysis, in which 
variables with P values less than 0.05 were included. The 
prediction of serum biomarkers for POD was analyzed 
by using receiver operating characteristic (ROC) curve. 
P < 0.05 was regarded as statistically significant.

Results
Patient characteristics at baseline
A total of 131 patients were finally included in this study, 
and 35 of them were diagnosed with POD (35/131, 
26.7%). The baseline characteristics in POD and non-
POD groups were presented in Table  1. No significant 
difference was observed between the two groups in terms 
of sex, BMI, ASA status, medical comorbidities (hyper-
tension, diabetes mellitus, coronary artery disease, his-
tory of stroke, chronic pulmonary disease), duration of 
surgery, blood loss (all P > 0.05). Patients in POD group 
were older (P = 0.001) and had lower preoperative MMSE 
scores (P = 0.001) compared with those in non-POD 
group.

Differences in the levels of preoperative biochemical 
parameters between patients with and without POD
As shown in Table 2, serum levels of PGE2 (P < 0.001), S100β 
(P < 0.001), GFAP (P < 0.001), and NfL (P = 0.002) were signif-
icantly increased in POD group. However, no significant dif-
ference was observed in BDNF, FGF-23, irisin, C3a, C3, C5a, 
IL-17A, IL-33, VCAM1, E-selectin and MMP9. (P > 0.05).

Preoperative biomarker associations with POD
Then, a total of six clinical and biochemical variables 
with significant difference were assessed as potential 
predictors of POD by using multivariate logistic regres-
sion. As illustrated in Table 3, regression analysis showed 
that advanced age (OR = 1.144, 95%CI: 1.008 ~ 1.298, 
P = 0.037), higher serum NfL (OR = 1.003, 95%CI: 
1.000 ~ 1.005, P = 0.036) and PGE2 (OR = 1.031, 95% CI: 
1.018 ~ 1.044, P < 0.001) levels were predicative factors for 
POD.

The predicative performance of age, NfL and PGE2 for POD
The predicative performance of age, serum NfL and 
PGE2 levels for POD was identified by plotting ROC 
curve. As shown in Fig. 2, preoperative serum level of 
PGE2 had a good performance in predicting POD with 
the area under the ROC curve (AUC) value of 0.897 
and 95% CI of 0.842–0.952 (P < 0.001). The cut-off 
point of PGE2 level to predict POD was ≥ 124.1  ng/L, 
while the sensitivity and specificity for PGE2 were 
80% and 83.3%, respectively. In addition, advanced age 
(AUC = 0.698, 95%CI: 0.590 ~ 0.806, P = 0.001), and 
higher NfL level (AUC = 0.690, 95%CI: 0.581 ~ 0.798, 
P = 0.001) could also discriminated patients with POD.

Discussion
Our study showed that preoperative serum level of PGE2 
was closely associated with the development of POD in 
elderly patients undergoing elective orthopedic surgery. 
Thus, preoperative PGE2 could serve as a new serum bio-
marker to identify patients at risk for developing POD. 

Fig. 1 Participant flow diagram
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To the best of our knowledge, this is the first study to 
link preoperative PGE2 level with POD following elective 
orthopedic surgery.

The incidence of POD was 26.7% in our study, which 
was similar to 27% in orthopedic surgery reported by a 
systematic review [20], and was also comparable with 
20.4% in the aged patients undergoing similar type of 

surgery in a recent study [21]. It is widely accepted that 
the occurrence of POD was resulted from the com-
plicated interactions of multiple predisposing fac-
tors. Among the known risk factors for POD, advanced 
age and pre-existing dementia or cognitive impair-
ment have been considered as the major risk factors 
[3]. Consistently, our study showed advanced age was 

Table 1 Preoperative characteristics of patients with or without POD

POD Postoperative delirium, ASA American Society of Anesthesiologists, BMI Body Mass Index, MMSE Mini-Mental State Examination
a Continuous normally distributed variables (data presented as mean and SD) were analyzed with independent-sample t-test. Continuous non-normally distributed 
variables (data presented as median and IQR) were analyzed with Mann–Whitney U test. Categorical data were analyzed with χ2 test or Fisher exact test (n = 131)

Characteristics POD group (n = 35) Non-POD group (n = 96) aP value effect size

Sex (n, male/female) 15/20 39/57 0.818 /

Age (year) 77(70 ~ 82) 72(67 ~ 76) 0.001 0.30

ASA status (I/II/III) 2/22/11 8/73/15 0.169 /

BMI (kg/m2) 21.88(19.58 ~ 25.40) 23.50(22.04 ~ 26.38) 0.058 /

Preoperative MMSE 22(18 ~ 27) 26(23 ~ 29) 0.001 0.30

Medical comorbidities (n)

  Hypertension 29(82.86%) 78(81.25%) 0.833 /

  Diabetes mellitus 13(37.14%) 30(31.25%) 0.525 /

  Coronary artery disease 11(31.43%) 27(28.13%) 0.712 /

  History of stroke 10(28.57%) 19(19.79%) 0.284 /

  Chronic pulmonary disease 6(17.14%) 16(16.67%) 0.949 /

  Duration of surgery (min) 85(75 ~ 95) 80(70 ~ 90) 0.454 /

  Blood loss(ml) 250(200 ~ 300) 250(200 ~ 350) 0.815 /

Table 2 Intergroup comparisons of the preoperative serum biochemical parameters

POD Postoperative delirium, BDNF Brain derived neurotrophic factor, FGF-23 Fibroblast growth factor 23, IL Interleukin, iNOS Inducible nitric oxide synthase, PGE2 
Prostaglandin E2, GFAP Glial fibrillary acidic protein, NfL Neurofilament light, VCAM Vascular cell adhesion molecule, MMP Matrix metalloprotein
a Continuous normally distributed variables (data presented as mean and SD) were analyzed with independent-sample t-test. Continuous non-normally distributed 
variables (data presented as median and IQR) were analyzed with Mann–Whitney U test (n = 131)

Parameters POD group (n = 35) Non-POD group (n = 96) aP value effect size

BDNF (ng/ml) 0.43(0.38 ~ 0.54) 0.48(0.41 ~ 0.63) 0.109 /

FGF‑23 (pg/ml) 504.07(456.31 ~ 577.63) 513.83(466.68 ~ 588.38) 0.894 /

Irisin (ng/ml) 47.64(18.94 ~ 74.45) 63.01(26.67 ~ 115.62) 0.070 /

IL‑17A (pg/ml) 6.00(5.71 ~ 6.61) 6.02(5.58 ~ 6.69) 0.320 /

IL‑33 (pg/ml) 11.50(5.35 ~ 33.07) 16.21(5.13 ~ 185.00) 0.353 /

C3a (ng/ml) 504.07(456.31 ~ 577.63) 513.83(466.68 ~ 588.38) 0.894 /

C3 (μg/ml) 264.87(136.56 ~ 297.21) 207.81(103.38 ~ 271.51) 0.065 /

C5a (ng/ml) 102.57(52.33 ~ 165.90) 85.77(52.71 ~ 141.67) 0.297 /

iNOS (IU/ml) 8.81(6.21 ~ 13.6) 8.54(6.07 ~ 12.16) 0.274 /

PGE2 (pg/ml) 181.23(126.08 ~ 235.65) 61.63(39.96 ~ 105.65)  < 0.001 0.61

S100β (pg/ml) 199.22(183.52 ~ 283.19) 181.36(170.91 ~ 207.67)  < 0.001 0.33

GFAP (ng/ml) 11.76(7.77 ~ 14.61) 7.38(5.84 ~ 10.29)  < 0.001 0.36

NfL (ng/ml) 1.47 ± 0.2960 1.29 ± 0.2961 0.002 0.60

VCAM1(ng/ml) 691.11 ± 263.50 652.18 ± 196.83 0.364 /

E‑selectin (ng/ml) 2.95(2.14 ~ 3.99) 2.79(1.98 ~ 4.26) 0.718 /

MMP9 (ng/ml) 4.00(1.37 ~ 5.32) 3.36(1.71 ~ 9.68) 0.649 /
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an independent risk factor of POD, and patients with 
POD were prone to have poor preoperative cognition as 
reflected by MMSE. Although delirium is significantly 
associated with adverse outcomes, fortunately, it is pre-
ventable and treatable [3]. Currently, non-pharmacolog-
ical multicomponent intervention is thought to be the 
most effective prevention strategy, which mainly includes 
the Hospital Elder Life Program and proactive old age 
medicine consultation [22–24]. In addition, the funda-
mental aim of all preoperative screening instruments, 
whether scale- or biomarker-based, is to identify those 

vulnerable patients, who then can benefit from optimized 
perioperative evaluation, monitoring and management. 
Thus, identifying high-risk patients is an important step 
in successfully reducing the risk for POD.

Despite various mechanisms have been implicated in 
the development of POD [12, 25], neuroinflammation 
and altered neurotransmitters are thought to be the two 
leading hypotheses [26]. For neuroinflammation, both 
preoperative and postoperative elevation of peripheral 
C-reactive protein and IL-6 were reported to be associ-
ated with higher risks of POD [27]. The underlying mech-
anism may be that peripheral inflammation causes the 
breakdown of the blood–brain barrier, leading to neuro-
inflammation, which in turn results in synaptic loss, neu-
ronal death, and neurogenesis damage [28]. On the other 
hand, studies have showed alteration of neurotrans-
mitters in the process of POD, including acetylcholine, 
glutamate, gamma-aminobutyric acid, dopamine, and 
serotonin systems, of which deficient choline or exces-
sive dopamine, or both, are the most frequently linked to 
delirium [3, 4, 26].

In the present study, we assessed a panel of 16 param-
eters implicated in inflammatory response, neurotrans-
mitter disturbance, complement cascade, and neuronal 
injury in serum samples from elderly patients undergoing 

Table 3 Logistics regression analysis of POD risk factors

POD Postoperative delirium, OR Odds ratio, CI Credibility interval, MMSE Mini-
Mental State Examination, PGE2 Prostaglandin E2, NfL Neurofilament light, VCAM 
Vascular cell adhesion molecule, GFAP Glial fibrillary acidic protein; (n = 131)

Variables OR 95% CI P value

Age 1.144 1.008 ~ 1.298 0.037

Preoperative MMSE 0.922 0.810 ~ 1.049 0.217

PGE2 1.031 1.018 ~ 1.044  < 0.001

S100β 1.002 0.997 ~ 1.008 0.456

NfL 1.003 1.000 ~ 1.005 0.036

GFAP 1.021 0.967 ~ 1.078 0.452

Fig. 2 ROC curve analysis of age, preoperative serum NfL and PEC2 levels for distinguishing POD. (n = 131). ROC: receiver operating characteristic; 
NfL: neurofilament light; PGE2: prostaglandin E2; POD: postoperative delirium



Page 6 of 8Mao et al. BMC Geriatrics          (2022) 22:685 

elective orthopedic surgery. Importantly, we showed 
that serum level of preoperative PGE2 was significantly 
increased and appeared to be a potential biomarker of 
POD after elective orthopedic surgery. Indeed, PGE2 is 
reported to be an important modulator of inflammation, 
which is of particular interest due to its relatively high 
concentrations in the brain compared with other prosta-
glandins [29]. PGE2 works through four distinct G pro-
tein-coupled E-prostanoid receptors, EP1 to EP4, and a 
growing number of studies suggest that PGE2 exerts neu-
rotoxic effects by binding to EP1, EP2 or EP3 receptors 
in models of chronic neurodegenerative disease like Alz-
heimer’s disease (AD) and Parkinson’s disease [29, 30]. In 
aged mice, blockade of peripheral PGE2 signaling is suf-
ficient to reverse cognitive decline associated with aging 
[31]. Moreover, the cerebrospinal fluid concentration of 
PGE2 is elevated in both probable AD patients and in AD 
patients with memory decline [32, 33]. Strikingly, subse-
quent analysis of several studies indicated that chronic 
non-steroid anti-inflammatory drug use was associated 
with lower risk of AD in normal aging people [29, 34]. 
However, there are a number of studies suggesting that 
PGE2 had a role in synaptic plasticity and neuroprotec-
tion by binding EP4 receptors [35, 36]. Therefore, the 
role of PGE2 is complex and whether PGE2 inhibitor can 
be used as a prevention or treatment target for POD in 
elderly patients needs further research.

Our study also showed that NfL was also an independ-
ent risk factor for POD. As one of the neuroaxonal injury 
markers, NfL has been reported to be elevated in multi-
ple conditions including stroke, traumatic brain injury, 
multiple sclerosis, AD and frontotemporal dementia 
[37]. Recently, a clinical study by Tamara and colleagues 
showed that patients with the highest preoperative NfL 
levels were more likely to develop POD, which is con-
sistent with our finding [38]. Additionally, the increased 
serum levels of S100β and GFAP were observed in POD 
group. S100β, a calcium binding protein, has different 
effects during different stages of human development. In 
the first three months of life, S100β exerts neurotrophic 
effects on the central nervous system (CNS) [39]. How-
ever, elevated S100β levels at other points in life mostly 
correlate with blood–brain barrier injury, which has been 
observed in cerebrovascular and neurodegenerative dis-
eases [40, 41]. S100β has been reported as a potential bio-
marker for delirium, but its particular relationship with 
POD remains controversial [42, 43]. GFAP, an interme-
diate filament protein, is mainly expressed in astrocytes 
and its plasma level has been proposed as a biomarker 
for nervous system injury in traumatic brain injury and 
stroke [44, 45]. Overall, these increased preoperative 
serum levels of S100β and GFAP reflect pre-existing 
brain function impairment in patients with POD, which 

makes them more susceptible to brain injury in response 
to surgical trauma.

A few limitations should be noted in our study. Firstly, 
despite suitable for identifying biomarker, this clinical 
study involved a single-center, single-surgery procedure 
and was conducted in a relatively small sample, which 
may produce biases unintentionally, thus further studies 
in larger sample size are required. Moreover, detecting 
PGE2 levels postoperatively would be more informative 
to determine the relationship between PGE2 and POD, 
which merits further investigation. Finally, the infor-
mation about the perioperative use of non-steroid anti-
inflammatory drug was not collected, which might have 
an effect on our study results and should be considered in 
future study.

Conclusions
Our study showed that preoperative serum PGE2 levels 
might be a biomarker to predict the occurrence of POD 
in elderly patients undergoing elective orthopedic sur-
gery. Meanwhile, this finding may provide a target for 
possible interventions to prevent POD. However, further 
studies in different surgical populations are required to 
confirm our results.
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