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into POD and non-POD groups. The Olink® plat-
form was used to analyze 45 cytokines. Twenty-one 
patients (35%) developed POD. In the subsample of 
30 patients on whom proteomic analyses were per-
formed, a proteomic profile was associated with the 
incidence of POD. Chemokine (C-X-C motif) ligand 
9 (CXCL9) had the strongest correlation between 
serum and CSF samples in patients with POD 
(rho = 0.663; p < 0.05). Although several cytokines 
in serum and CSF were associated with POD after 
hip fracture surgery in older adults, there was a sig-
nificant association with lower preoperative levels of 
CXCL9 in CSF and serum. Despite the small sample 
size, this study provides preliminary evidence of the 
potential role of molecular biomarkers in POD, which 
may provide a basis for the development of new delir-
ium predictive models.

Abstract  Postoperative delirium (POD) is a com-
mon neuropsychiatric complication in geriatric inpa-
tients after hip fracture surgery and its occurrence is 
associated with poor outcomes. The purpose of this 
study was to investigate the relationship between pre-
operative biomarkers in serum and cerebrospinal fluid 
(CSF) and the development of POD in older hip frac-
ture patients, exploring the possibility of integrating 
objective methods into future predictive models of 
delirium. Sixty hip fracture patients were recruited. 
Blood and CSF samples were collected at the time 
of spinal anesthesia when none of the subjects had 
delirium. Patients were assessed daily using the 4AT 
scale, and based on these results, they were divided 
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Background

Delirium is a neuropsychiatric disorder characterized 
by an acute change in attention, awareness, and cog-
nition [1]. The term postoperative delirium (POD) 
refers to a condition of acute cognitive dysfunction 
that occurs in the hospital up to 1 week after surgery 
and is a frequent perioperative complication, espe-
cially among older adults [2]. The incidence of POD 
after hip fracture has been reported to range from 
11 to 51% and occurs in up to 50–70% of high-risk 
patient groups [3]. Furthermore, POD is associated 
with adverse outcomes such as longer length of stay, 
functional decline, persistent cognitive impairment, 
institutionalization, decrease in quality of life, prema-
ture mortality, and increased healthcare expenditure 
[4, 5].

Although studies have contributed some evi-
dence in recent years, the pathophysiological mech-
anism of delirium remains largely unknown, and a 
multifactorial etiology has been suggested [6, 7]. 
Evidence supports that maladaptive neuroinflam-
matory response plays an important role in the 
development of POD [8, 9]. Several precipitating 
factors of delirium such as surgery, infection, or 
trauma cause endothelial damage, which increases 
blood–brain barrier (BBB) permeability allowing 

immune cells, cytokines, and other neuroinflam-
matory products to penetrate the brain parenchyma. 
These mediators activate the microglia, leading to 
neuronal dysfunction and delirium [10]. This mech-
anism has been observed particularly in older adults 
and patients with cognitive impairment undergoing 
hip fracture surgery [11, 12]. Some studies have 
found that tumor necrosis factor-α (TNF-α), pro-
inflammatory cytokines such as interleukins (IL1, 
IL6, and IL8), and other novel neuroinflammatory 
biomarkers (neopterin) are elevated in the serum 
of these patients before surgery, but their study in 
cerebrospinal fluid (CSF) has yielded mixed results 
[13, 14]. However, studies carried out so far have 
important limitations because most do not account 
for geriatric syndromes, nor do they measure delir-
ium in a daily pattern during hospitalization; fur-
thermore, delirium characteristics such as subtype 
and severity are seldom assessed.

Importantly, there is no effective treatment for 
POD once it is established, so the best approach is 
its prevention. Several clinically based predictive 
models of delirium have been developed in recent 
years such as the DEAR tool [15–17], but they have 
some limitations because their application depends 
on the interpretation of the clinician who performs 
them, and consequently, they can be subjective and 
imprecise. For this reason, the possibility of inte-
grating objective measures into predictive models 
of delirium needs to be explored. Serum biomarkers 
are quantifiable, reproducible, and minimally inva-
sive and could be useful to better understand the 
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pathophysiology of delirium and identify patients at 
higher risk of developing it.

The present study aimed to comprehensively char-
acterize patients with delirium both from a clinical 
point of view and using a proteomic approach, in 
order to evaluate whether changes in the preoperative 
immunological profile could be associated with POD 
after hip fracture surgery. We hypothesized that older 
hip fracture patients with altered cytokine profiles 
before surgery could be at higher risk of developing 
delirium.

Methods

Study design and participants

This was a prospective cohort study. Between August 
2021 and December 2021, we approached sixty con-
secutive hip fracture patients aged 75 years or older 
undergoing subarachnoid anesthesia, who were 
admitted to the Orthopedic ward of Hospital Univer-
sitario de Navarra (Pamplona, Spain). Patients were 
excluded if (1) they had preoperative delirium, (2) 
advanced dementia (a score > 5 at Global Deteriora-
tion Scale [18]), (3) severe dependence (a score < 20 
at Barthel Index [19]), (4) terminal disease (life 
expectancy < 3 months), (5) were unable to communi-
cate in Spanish, and (6) were not willing or not capa-
ble to provide informed consent.

Clinical assessments

Medical records were reviewed, and patients and 
relatives were interviewed preoperatively and daily 
after surgery. A Comprehensive Geriatric Assess-
ment (CGA) was performed at the time of enrolment 
that included functional status (Barthel Index and 
Lawton and Brody scale [20]), frailty (FRAIL scale 
[21]), nutrition (Mini-Nutritional Assessment-Short 
Form (MNA-SF) [22]), grip strength (measured with 
JAMAR 5030J1 Hand Dynamometer), quality of life 
(EuroQol Scale-5D [23]), falls, sensory impairment, 
depression (Yesavage Geriatric Depression Scale 
[24]), polypharmacy, and demographic factors such 
as provenance and education level. Possible con-
founding factors, including fracture characteristics, 
type of anesthesia, type of surgery, and peri- and 

post-operative complications such as infectious 
events or postoperative anemia were registered for all 
patients.

The presence or absence of delirium was scored 
daily until discharge by two geriatricians using the 
Spanish version of the 4AT scale [25, 26]. Informa-
tion for the 4AT was based on a psychiatric exami-
nation of the patient, review of medical and nursing 
records, and information given by the patient’s clos-
est relative. All 60 patients were non-delirious before 
surgery. Delirium symptom severity was assessed 
postoperatively with the validated Memorial Delirium 
Assessment Scale (MDAS) [27]. The peak MDAS 
was defined as the highest total delirium severity 
score recorded in the postoperative period. Delir-
ium subtype was assessed using the Delirium Motor 
Subtype Scale-4 [28]. Preexisting cognitive impair-
ment was based on medical history and the Inform-
ant Questionnaire on Cognitive Decline short form 
(IQCODE-sf). The informant was asked to recall the 
cognitive situation 2  weeks prior to the hip fracture 
and compare it with the situation 10  years earlier. 
Patients with a mean score of 3.9 or higher were con-
sidered to have global cognitive impairment [29, 30].

Sample collection and laboratory assessments

Blood and CSF were collected before surgery and 
processed in no more than 1 h from their sampling. 
The blood sample (8  mL obtained by venous punc-
ture) was collected the morning prior to surgery and 
placed in a polypropylene plastic tube at room tem-
perature (25  °C) for 30  min until blood coagulation 
occurred; then, the tube was centrifuged in a fixed-
angle rotor at 1960 g for 10 min at room temperature. 
After centrifugation, the serum in the upper layer was 
carefully extracted and divided into 0.5 mL aliquots 
and immediately stored at − 80  °C. CSF samples 
were collected during canulation for the introduc-
tion of spinal anesthesia, prior to the administration 
of any anesthetic. Lumbar punctures were performed 
with a 25-gauge needle between the L3–L4 and 
L4–L5 intervertebral space. From each patient, 2 mL 
of CSF was collected in polypropylene tubes which 
were transported to the laboratory and centrifuged at 
720 g for 10 min at 4 °C, divided into 0.5 μL aliquots, 
and stored at − 80  °C. Samples of 30 patients (both 
serum and CSF), in which 15 had delirium and 15 did 
not, were selected and sent on dry ice for analysis at 
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Cobiomic Bioscience (Parque Científico Tecnológico 
de Córdoba, Córdoba, Spain). We used Olink® tech-
nology to assess cytokine and chemokine levels. The 
Olink® reagents are based on the proximity exten-
sion assay (PEA) technology, where 45 oligonucleo-
tide-labeled antibody probe pairs are each allowed to 
bind to their respective target protein present in the 
sample. Following the hybridization of the matched 
oligo sequences, a PCR reporter sequence is formed 
by a proximity-dependent DNA polymerization event. 
This is then amplified and subsequently detected and 
quantified using real-time polymerase chain reaction 
(PCR). The assay is performed in a 48-plex format 
without any need for washing steps, and results are 
reported in standard concentration units (pg/mL). 
When cytokines are within the lower and upper limits 
of quantification (LLOQ and ULOQ) for each assay, 
the values are not included in the analysis. Details 
about PEA technology, assay performance, and 
validation data are available from the manufacturer 
(www.​olink.​com), and all the biomarkers analyzed 
with this technology are detailed in Supplementary 
Table 1.

Standard protocol approval, registration, and patient 
consents

This study was conducted in accordance with the 
Declaration of Helsinki (World Medical Association) 
and was approved by the Navarra Clinical Research 
Ethics Committee on June 25, 2021 (PI_2021/68). 
Data and samples were collected after informed con-
sent from patients at the time of enrolment. There was 
no financial compensation for the participants.

Statistical analyses

Variables were tested for normality using the Sha-
piro–Wilk method. Consequently, non-parametric 
(Mann–Whitney U) or parametric (independent t-test) 
tests were used to compare the two groups (patients 
who developed POD versus patients who did not 
develop POD) regarding baseline characteristics 
measured in continuous variables. For dichotomous 
or nominal variables, Fisher’s exact or Pearson’s X2 
was used. Data were presented as mean and stand-
ard deviation unless stated otherwise. For descrip-
tives and testing of group differences, the statistical 
software used was SPSS version 26 (International 

Business Machines Corporation (IBM), Armonk, 
New York, USA). p-value of < 0.05 was considered 
significant.

We used Tukey’s fences method to detect observa-
tions out of the normal range by using interquartile 
ranges, which are often used for detecting outliers in 
various fields [31]. One hundred twenty-two outli-
ers were excluded from the analysis out of the 2700 
values analyzed using the Olink platform. Before per-
forming Tukey’s fences, the normality of the data was 
checked before fitting the curve. Features with > 70% 
missing values in the real samples or > 10% outlier 
values in the serum and CSF samples were deleted 
first. Thirty-eight biomarkers passed quality control in 
serum, and 27 passed quality control in CSF (Supple-
mentary Table 2). Serum biomarkers in pg/mL values 
were analyzed using two unpaired t‐tests, the Benja-
mini–Hochberg method for p-value correction with 
5% false discovery rate, and a distribution boxplot. 
p-values < 0.05 were considered statistically signifi-
cant after correction with the Benjamini–Hochberg 
method. A principal component analysis (PCA) and 
volcano plot assessed the distribution of the groups, 
using singular value decomposition with imputation 
(pre-normalized data, no transformation), and visu-
alized using ClustVis [32]. Spearman’s correlation 
matrices were calculated including clinical variables, 
sex and age, and significant biomarkers for patients 
who developed POD versus patients who did not 
develop POD, using the R package Corrplot (version 
0.84 (https://​cran.r-​proje​ct.​org/​packa​ge=​corrp​lot)).

Results

Clinical results

From August 2021 to December 2021, 60 of 138 hip 
fracture patients fulfilled the criteria for participa-
tion and provided informed consent (Fig. 1). Twenty-
one of these 60 patients developed POD (35%), and 
thirty-nine did not (65%).

The characteristics of patients with and without 
POD are shown in Table  1. Patients who developed 
POD had more cognitive impairment (p < 0.001), 
higher dependency (p = 0.005), and worse nutritional 
status (p = 0.013).

Characteristics of the surgery and clinical com-
plications after surgery are shown in Table  2. No 

http://www.olink.com
https://cran.r-project.org/package=corrplot
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significant differences were found between the type 
of hip fracture, time from surgery to sitting, femo-
ral nerve block, blood transfusion or bladder cath-
eterization, and the incidence of POD. However, 
patients who spent a longer period of time without 
walking after surgery had higher incidence of POD 
(p = 0.003). In addition, patients who developed delir-
ium had more infections (p < 0.001) and used more 
psychotropic drugs (p < 0.001) and more opioids 
(p = 0.013) during hospitalization than patients with-
out delirium.

Laboratory results

Serum and CSF samples of 30 patients were ana-
lyzed (15 patients with POD and 15 patients without 
POD), and the results are shown in Supplementary 
Table 2. A score plot was generated to show the sepa-
ration between the POD and non-POD groups. The 
PCA analysis did not reveal any abnormal deviations 
between the two groups (Fig. 2).

The volcano plot in Fig.  3 shows the differences 
between POD and non-POD groups. Those who 
developed POD had significantly higher levels of 
CXCL12 and EGF in serum as well as higher levels 

of CSF3 and TGFA in CSF compared to patients 
without POD. However, patients who developed 
POD had significantly lower levels of CSF3, CXCL9, 
IL10, CCL2, and CXCL8 in serum and lower levels 
of CCL3, CXCL9, and CCL4 in CSF compared to 
patients without POD.

We examined the correlation between cytokine 
concentrations in serum and CSF in both POD and 
non-POD groups, with adjustments made for sex 
and age using the Spearman rank (Rho) correlation. 
The analysis unveiled significant negative associa-
tions between serum EGF and serum CXCL9 lev-
els (rho =  − 0.754; p < 0.05), CSF TGFA and CSF 
CXCL9 (rho =  − 0.714; p < 0.01), and CSF CSF3 and 
CSF CCL3 (rho =  − 0.843; p < 0.05) in the non-POD 
group. Furthermore, other noteworthy positive rela-
tionships were observed between serum CSF3 and 
serum IL10 (rho = 0.603; p < 0.05), CSF CSF3 and 
serum CXCL12 (rho = 0.737, p < 0.05), CSF CSF3 
and serum CXCL8 (rho = 0.816, p < 0.05), and CSF 
CCL4 and CSF CCL3 (rho = 0.64, p < 0.05) in the 
non-POD group.

On the other hand, significant negative relation-
ships were found between serum CSF3 and serum 
CXCL9 (rho =  − 0.688; p < 0.05), serum EGF and 
serum CXCL9 (rho =  − 0.635; p < 0.05), and serum 
EFG and serum CXCL8 (rho =  − 0.605; p < 0.05) in 
POD group. Similarly, other significant positive rela-
tionships were found between serum CXCL8 and 
serum IL10 (rho = 0.538; p < 0.05), serum CSF3 and 
serum CXCL8 (rho = 0.597; p < 0.05), serum CCL2 
and serum CSF3 (rho = 0.599; p < 0.05), CSF CCL3 
and serum CXCL12 (rho = 0.621; p < 0.05), CSF 
CCL4 and serum CCL2 (rho = 0.596; p < 0.05), and 
CSF CCL4 and CSF CCL3 (rho = 0.812; p < 0.001) in 
POD group.

The only cytokine that had a significantly positive 
correlation in both serum and CSF of patients with 
POD was CXCL9 (rho = 0.663; p < 0.05) (Fig. 4).

Discussion

In this study, we investigated the association 
between POD and 45 cytokines and chemokines in 
preoperative serum and CSF in older hip fracture 
patients, and we identified 12 potential biomarkers 
of delirium risk. Four of them were found to be up-
regulated (serum CXCL12, serum EFG, CSF CSF3, 

Fig. 1   Flowchart of study inclusion
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Table 1   Baseline 
characteristics of patients 
with and without POD

Without POD n = 39 (65%) POD n = 21 (35%) p-value

Age (years)
  Mean (sd) 84.9 (6.6) 87.9 (5.2) 0.085a

Sex
  Male 6 (15.4%) 4 (19.0%)
  Female 33 (84.6%) 17 (81.0%) 0.729b

Comorbidity (Charlson)
  Median (Q1–Q3) 5.0 (4.0–7.0) 5.0 (5.0–6.5) 0.814

ASA
  2 9 (23.1%) 5 (23.8%)
  3 26 (66.7%) 14 (66.7%) 1.0b

  4 4 (10.3%) 2 (9.5%)
Number of drugs at admission

  Median (Q1–Q3) 7.0 (4.0–9.0) 8.0 (6.0–11.0) 0.181d

DBI at admission
  Median (Q1–Q3) 0.5 (0.0–1.17) 1.0 (0.5–1.4) 0.073d

Barthel Index
  Mean (sd) 88.8 (12.6) 81.7 (15.8) 0.059a

Lawton and Brody
  Median (Q1–Q3) 6.0 (4.0–8.0) 3.0 (1.5–5.0) 0.005d

Grip strenght (Handgrip)
  Mean (sd) 14.1 (6.1) 12.0 (6.8) 0.216ª

Nutritional condition (MNA)
  Median (Q1–Q3) 27.0 (25.0–28.5) 25.5 (19.8–27.5) 0.013d

Frailty (FRAIL)
  Median (Q1–Q3) 1.0 (1.0–2.0) 2.0 (1.0–3.0) 0.194d

Admission location
  Home 36 (92.3%) 18 (85.7%)
  Nursing home 3 (7.7%) 3 (14.3%) 0.655b

QoL at admission (EuroQoL-5D)
  Mean (sd) 77.3 (20.4) 71.0 (17.6) 0.118a

Visual impairment
  No 11 (28.2%) 5 (23.8%)
  Yes 28 (71.8%) 26 (76.2%) 0.713c

Hearing impairment
  No 25 (64.1%) 8 (38.1%)
  Yes 14 (35.9%) 13 (61.9%) 0.053c

Educational level
  Primary studies 9 (23.1%) 7 (33.3%)
  Secondary studies 28 (71.8%) 10 (47.6%) 0.101b

  University 2 (5.1%) 4 (19.0%)
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Without POD n = 39 (65%) POD n = 21 (35%) p-value

Depression (Yesavage)
  Median (Q1–Q3) 3.0 (1.0–5.0) 5.0 (2.5–8.0) 0.055d

Cognitive impairment (IQCODE-sf at admission)
  Mean (sd) 52.1 (4.9) 60.0 (8.8)  < 0.001a

Previous episodes of delirium
  No 34 (87.2%) 15 (71.4%)
  Yes 5 (12.8%) 6 (28.6%) 0.169b

Results are mean (sd), median (IQ1-IQ3) or n (%)
a t-test
b Fisher´s exact test
c Chi-square test
d Mann-Whitney U test

Table 1   (continued)

and CSF TGFA), and eight were down-regulated 
(serum CSF3, serum CXCL9, serum CXCL8, serum 
IL10, serum CCL2, CSF CCL3, CSF CXCL9, and 
CSF CCL4). An interesting finding was the signifi-
cant correlation between lower levels of CXCL9 in 
serum and CSF in patients with POD compared to 
patients without POD.

Chemokine (C-X-C motif) ligand 9 (CXCL9) is 
a small cytokine belonging to the CXC chemokine 
family that is also known as monokine induced by 
gamma interferon (MIG). CXCL9 induces chemot-
axis, promotes differentiation and multiplication of 
leukocytes, and causes tissue extravasation. It has 
been found that CXCL9 increases with age [33] and is 
an important factor in age-related chronic inflamma-
tion, being involved in cardiac aging, adverse cardiac 
remodeling, and poor vascular function. Age-related 
elevation in CXCL9 leads to endothelial cell senes-
cence and predicts subclinical levels of cardiovascu-
lar aging in healthy individuals [34]. CXCL9 has also 
been shown to be associated with falls and hip frac-
ture in older population [35] and frailty [36, 37]. Fur-
thermore, data in the literature indicates a significant 
role of CXCL9 and its receptor (CXCR3) in the cen-
tral nervous system (CNS), in both physiological and 
pathological processes [38, 39]. CXCL9 is expressed 
in human brain-derived microvascular endothelial 
cells and astrocytes and is especially involved in Th1 
response. In addition, it has been shown that CXCL9 
is able to induce the activation of extracellular 

signal-regulated kinases (ERK1/2) in cortical neu-
rons and might be involved in a neuronal–glial inter-
action. The up-regulation of this chemokine and its 
receptor was also identified in Alzheimer’s disease 
(AD) brains, finding higher levels of CXCL9 in AD 
patients compared to patients with mild cognitive 
impairment or without cognitive impairment [40, 
41]. On the other hand, CXCL9 exhibited the lowest 
levels in participants with 1 or more ε4 alleles in a 
study carried out to identify a panel of plasma bio-
markers of AD [42]. These dissenting results support 
the fact that lower levels of CXCL9 were associated 
with POD in our study. These discrepancies could 
be justified by the multiple mechanisms implicated 
in delirium development (tissue damage, infection, 
pain, polypharmacy, hypoxia…), the heterogeneity in 
the methodology of the studies carried out (different 
biochemical analyses and clinical assessments), and 
the small sample size of our study. Other factors to 
consider are the systemic inflammatory response syn-
drome of our patients (all of them had hip fractures, 
with the consequent tissue damage compared to other 
studies where the patients did not have it) and the 
complexity for chemokine receptor CXCR3 activa-
tion that is involved in wound healing with different 
signaling pathways [43].

Serum stromal cell-derived factor 1 (CXCL12) is 
involved in Alzheimer’s disease (AD) pathophysiol-
ogy [44], and pro-epidermal growth factor (EGF), 
whose up-regulation has been associated with 
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cognitive impairment in Parkinson’s disease [45, 46], 
showed higher levels in patients with POD compared 
to patients without POD in our study. These findings 
support the possible relationship between CXCL12, 
EGF, and POD.

Granulocyte colony-stimulating factor (CSF3) 
showed significantly higher levels in CSF but lower 

levels in the serum of patients with POD in our study. 
Previous studies have found that its up-regulation 
improves neuroplasticity [47], and its administration 
in rats protects against cognitive impairment [48].

Transforming growth factor alpha (TGFA) showed 
higher levels in CSF of patients who developed POD 
in our study and has been associated with AD and 

Table 2   Characteristics after surgery of patients with and without POD

Without POD n = 39 (65%) POD n = 21 (35%) p-value

Type of hip fracture
  Subcapital 15 (38.5%) 8 (38.1%)
  Pertrochanteric 18 (46.2%) 8 (38.1%)
  Subtrochanteric 3 (7.7%) 1 (4.8%) 0.659b

  Basicervical 3 (7.7%) 4 (19.0%)
Time from surgery to sitting (hours)

  Median (Q1–Q3) 36.0 (36.0–36.0) 36.0 (36.0–36.0) 0.618a

Time from surgery to walking (hours)
  Median (Q1–Q3) 48.0 (48.0–72.0) 72.0 (60.0, 120.0) 0.003a

Femoral nerve block
  No 21 (53.8%) 11 (52.4%) 0.914c

  Yes 18 (46.2%) 10 (47.6%)
Blood transfusion (number of packed red blood cells)

  Median (Q1–Q3) 0.0 (0.0, 1.0) 1.0 (0.0, 2.0) 0.058a

Infection
  No 33 (84.6%) 6 (28.6%)
  Yes 6 (15.4%) 15 (71.4%)  < 0.001c

Type of infection
  None 33 (84.6%) 6 (28.6%)
  Respiratory 2 (5.1%) 4 (19.0%)
  Urinary 2 (5.1%) 6 (28.6%)
  Bacteraemia 1 (2.6%) 0 (0.0%)
  Sepsis 0 (0.0%) 2 (9.5%)  < 0.001b

  Respiratory + urinary 0 (0.0%) 1 (2.8%)
  Another focus 1 (2.6%) 2 (9.5%)

Bladder catheterization
  No 20 (51.3%) 9 (42.9%)
  Yes 19 (48.7%) 12 (57.1%) 0.533c

Poor pain control during hospitalization
  No 33 (84.6%) 11 (52.4%)
  Yes 6 (15.4%) 10 (47.6%) 0.013c

Use of opioids during hospitalization
  No 36 (92.3%) 11 (52.4%)
  Yes 3 (7.7%) 10 (47.6%)  < 0.001b

Need of psychotropic drugs during hospitalization
  No 26 (66.7%) 6 (28.6%)
  Yes 13 (33.3%) 15 (71.4%) 0.005c
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vascular dementia [49, 50], which could explain the 
pathophysiological substrate for delirium.

Interleukin-10 (IL10), whose down-regulation has 
been found in patients with AD and delirium [51, 
52], showed lower levels in the serum of patients who 
developed POD in our study, which is consistent with 
previous literature.

C–C motif chemokine 2 (CCL2), Interleu-
kin-8 (CXCL8), C–C motif chemokine 3 (CCL3), 
and C–C motif chemokine 4 (CCL4) showed sig-
nificantly lower levels in patients with POD in our 
study. However, higher levels have been associated 
with dementia [53, 54], delirium among critically ill 
patients [55], and neuropsychiatric disorders in Par-
kinson’s disease [56, 57] in previous literature.

Although the etiology of POD is both complex 
and elusive, in our study age, comorbidity, sensory 
impairment, depression, worse functional status, 
cognitive impairment, malnutrition, frailty, and 
polypharmacy were identified as clinical predispos-
ing factors of POD, which is consistent with previ-
ous literature [58, 59]. In addition, infections and 
immobility after hip fracture surgery were the only 
significant precipitating factors of POD during the 
postoperative period, according to similar results 
obtained in other studies [1, 17].

However, these predisposing and precipitat-
ing clinical factors are often difficult to quantify 
because they are subjective and, consequently, less 
accurate. In contrast, biomarkers are quantifiable, 
objective, and potentially reproducible. Moreover, 
serum biomarkers are minimally invasive which 
makes them accessible in different clinical set-
tings. Although further research is needed, these 
findings emphasize the role of biomarkers in POD 
after hip fracture and its potential use through the 

Fig. 2   Principal component (PCA) of POD and non-POD 
groups. Principal component analysis (PCA) was created to 
investigate possible outliers in the data set. Score plot show-
ing the separation between the POD and without POD group. 
The red points correspond to patients with POD, and the blue 
points correspond to patients without POD

Fig. 3   Biomarkers identification according to serum and cer-
ebrospinal fluid levels into POD and non-POD groups. The 
volcano plot for detected biomarkers; the X-axis represents the 
log2 fold-change value, while the Y-axis represents the − log10 
p-value; the gray point represents the biomarkers without sig-
nificant difference. The red point represents the biomarkers 
increase with significant difference, while blue point represents 
the biomarkers decrease with significant difference, in patients 
with POD compared to patients without POD
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Fig. 4   Matrix of pair-
wise Spearman correla-
tions among biomarkers 
according to serum (s) 
and cerebrospinal fluid (c) 
levels for POD and non-
POD groups adjusted by sex 
and age. Color represents 
the level of Spearman’s 
correlations (blue means 
positive correlation, and red 
means negative correlation). 
Significant protein pair 
correlations were indicated 
as ***p < 0.001, **p < 0.01, 
and *p < 0.05
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development of integrating objective methods into 
future predictive models of delirium.

Strengths and limitations

We highlight several study strengths such as the col-
lection of blood and CSF and the well-defined sam-
ple. However, some study limitations warrant men-
tion. First, the small sample size requires that the 
results be interpreted with caution. Additionally, the 
sampling at a single time point results in the loss of 
information regarding the course of delirium dur-
ing hospitalization. Second, our set of inflamma-
tory biomarkers might not be an appropriate indica-
tor of inflammation in the CNS because most of the 
cytokines and chemokines analyzed are not char-
acteristic of a specific condition or process; thus, 
additional testing and evaluation might be required 
to identify specific markers of delirium in order to 
implement the understanding of the CNS disorders 
pathophysiology. Further research with larger sample 
sizes and comprehensive assessments of confounding 
factors is needed to validate these findings and deter-
mine the clinical utility of molecular biomarkers in 
predicting and managing POD.

Conclusion

In summary, we found 12 biomarkers associated with 
POD, and lower levels of CXCL9 had the most sig-
nificant correlation between serum and CSF. These 
findings suggest that altered proteomic profile before 
surgery could be associated with POD development. 
Although further research is needed to confirm these 
results, biomarkers may offer a valuable tool for delir-
ium risk assessment in addition to current predictive 
clinical models.
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