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Abstract

Background: Postoperative delirium (POD) is a common complication after hip fracture surgery that is associated
with various short- and long-term outcomes. The mechanism of POD may be associated with the oxidative stress
process. Uric acid has been shown to provide a neuroprotective effect in various neurodegenerative diseases through
its antioxidant properties. However, it is unclear whether lower preoperative serum uric acid levels are associated with
the development of POD after hip fracture surgery. Therefore, this study assessed the association of lower preopera-
tive uric acid levels in patients with POD during hospitalization.

Methods: This is a matched retrospective case-control study that included 96 older patients (>65 y) who underwent
hip fracture surgery. POD was diagnosed using the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.
Patients diagnosed with POD (cases) were matched 1:1 with patients without POD (controls) on the basis of age, sex,

and anesthesia type. The relationship between preoperative uric acid and POD was analyzed by multivariable analysis.

Results: The POD and non-POD groups each had 48 patients. In the univariate analysis, lower log preoperative serum
uric acid value, higher neutrophil-to-lymphocyte ratio, and cerebrovascular disease were more likely in patients with
POD than in those with no POD. Multivariable conditional logistic regression analysis showed that lower log preopera-
tive serum uric acid (adjusted odds ratio [aOR], 0.028; confidence interval [Cl], 0.001-0.844; p = 0.040), higher neutro-
phil-to-lymphocyte ratio (aOR, 1.314; 95% Cl, 1.053-1.638; p = 0.015), and increased surgery duration (aOR, 1.034; 95%
Cl, 1.004-1.065; p = 0.024) were associated with increased risk of POD.

Conclusions: Lower preoperative serum uric acid levels may be an independent risk factor for POD after adjustment
for possible confounding factors. However, large prospective studies are needed to confirm this finding.
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Background

Hip fracture constitutes a major health problem in older
patients. Postoperative delirium (POD) is a common
*Correspondence: [jj9573@163.com complication in older patients after hip fracture surgery,
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higher costs, and increased mortality [2-4]. Moreo-
ver, POD may be associated with long-term cognitive
and functional decline [5, 6]. Hip fracture is becoming
a major public health concern owing to the increasing
life expectancy of the global population and subsequent
aging of the demographic structure [7]; therefore, it is
important to understand the risk factors for POD.

Inflammation and oxidative stress after hip surgery may
be involved in the pathophysiology of POD [6]. Uric acid
(UA) is a natural antioxidant, and reportedly has a neuro-
protective impact in various neurodegenerative diseases,
including Parkinson’s disease, Alzheimer’s disease, and
multiple sclerosis [8—10]. Its antioxidant properties may
protect against the detrimental effect of oxidative stress
in people with central nervous system disorders [10-12].
However, it is unclear whether lower preoperative serum
UA (SUA) levels are associated with the development
of POD in older patients following hip fracture surgery.
The aim of this retrospective case-control study was to
explore the relationship between preoperative SUA levels
and POD in older patients who underwent hip fracture
surgery.

Methods

Study design and patient selection

This retrospective, matched, case-controlled study was
conducted at Qilu Hospital (Qingdao), Cheeloo College
of Medicine, Shandong University, Qingdao, P.R. China,
a tertiary academic center. Ethical approval was obtained
from the Medical Ethics Committee of Qilu Hospital of
Shandong University (Qingdao) (KYLL-202205). The
requirement for written informed consent from each
patient was waived because of the study’s retrospective
manner, and the Medical Ethics Committee of Qilu Hospi-
tal of Shandong University (Qingdao) approved the waiver.
Ethics approval was obtained on February 24, 2022, and
data collection commenced in March 1, 2022. This study
followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.

We retrospectively searched electronic health records
for older patients with recent fractures (less than 3 weeks
at the time of operation) who underwent hip fracture sur-
gery between May 1, 2020, and May 1, 2021 at Qilu Hos-
pital (Qingdao). The inclusion criteria for patients in this
study were as follows: age > 65 years; patients underwent
elective surgery; all patients provided authorization for
the use of their medical records for research purposes.
We excluded patients diagnosed with severe renal insuf-
ficiency or renal failure, patients with gout, patients who
were taking drugs that affect SUA level or anti-Parkinson
drugs that may induce hallucinations, and participants
with missing data.
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Retrospective delirium ascertainment and case-control
matching

POD was diagnosed based on a retrospective chart
review method [13]. All medical and nursing records
were carefully reviewed to assess delirium. Patients were
included in the POD group if the case notes suggested
that they were diagnosed with delirium according to the
Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-V, 2013), or billed for antipsychot-
ics (specifically olanzapine, haloperidol, and quetiapine)
[14]. POD was diagnosed by neurologists at any post-
operative stage, or by three experienced anesthesiolo-
gists during review of the electronic medical records. For
those who were not assessed by neurologists, the patient
was included in the POD group when two or more evalu-
ators reached consensus on the diagnosis of delirium.
Referring to the study by Guldolf K, et al [15], Table 1
shows the abstract symptoms and reported comments
related to the specific DSM-5 criteria. Patients diagnosed
with POD (cases) were matched 1:1 with patients without
POD (controls) on the basis of age (& one year), sex, and
anesthesia type.

Data abstraction
Medical, surgical, and anesthesia records were electroni-
cally abstracted. The following variables were collected:
sex, age, body mass index, and medical history (diabetes
mellitus, coronary artery disease [CAD], hypertension,
and cerebrovascular disease). Preoperative laboratory
data (most recent results before surgery) including neu-
trophil count; lymphocyte count; hemoglobin concen-
tration; erythrocyte sedimentation rate; and albumin,
C-reactive protein, SUA, blood urea nitrogen, creatinine,
aspartate transferase, and alanine transferase levels.
During the perioperative period, we recorded the sur-
gery and anesthesia duration, intraoperative medications,
intraoperative fluid administration and blood transfu-
sion, and intraoperative blood loss and urine output.
After surgery, postoperative complications including the
duration of hospital stay, pneumonia, and thrombosis
were recorded.

Bias

Bias is an unavoidable drawback in retrospective stud-
ies. However, we fully considered this issue and took
measures to reduce offsets. To be diagnosed with POD,
the medical course and records had to demonstrate
clear documentation of clinically manifest delirium in
the form of DSM-V. Each of the two anesthesiologists
collected the data of all consecutive patients, and the
data gathered by each author was compared to ensure
accuracy. To reduce the potential biases associated
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Table 1 Abstracted symptoms in relation to the DSM-5 criteria
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DSM-5 criteria

Abstracted symptoms

A. Adisturbance in attention (i, reduced ability to direct, focus, sustain,
and shift attention) and awareness (reduced orientation to the environ-

ment).

won non

Any verbatim comment e.g. "agitated’, "drowsiness', "somnolent’, "not
alert’, "slept poorly", "fumbles’, "pulls out urine probe’, "tears off wound
dressing"

Any formal rating e.g. GCS, RASS

B.  The disturbance develops over a short period of time (usually hourstoa Any verbatim comment indicating a change in mental state which was

few days), represents a change from baseline attention and awareness,

and tends to fluctuate in severity during the day.

C. Anadditional disturbance in cognition (e.g. memory deficit, disorienta-

tion, language, visuospatial ability, or perception).

D. Thedisturbances in Criteria A and C are not better explained by a
pre-existing, established or evolving neurocognitive disorder and do

not occur in the context of a severely reduced level of arousal, such as

coma.

E. Thereis evidence from the history, physical examination or laboratory
findings that the disturbance is a direct physiological consequence of

another medical condition, substance intoxication or withdrawal, or
exposure to a toxin, or is due to multiple etiologies.

recovered in short time after treatment.

Any comment e.g. "confused", "disorientated', "talking nonsense", "hal-
lucinations"

Any formal assessment e.g. GCS, RASS; any formal cognitive assessment
e.g. AMT, MMSE

Any formal specialty assessment, e.g. neurology, geriatric medicine,
liaison psychiatry

Any verbatim comment such as "more confused', "comatose’, "no
response at all"

Hip fracture surgery was considered a precipitating medical condition,
and was present in all patients

General clinical vignette, including metabolic and laboratory parameters
taken closest to date of prevalence study

AMT Abbreviated Mental Test, GCS Glasgow Coma Scale, MMSE Mini-Mental State Examination, RASS Richmond Agitation-Sedation Scale

with missing data of variables, we used only items that
appeared in all patients’ laboratory data. Group allo-
cation was performed after data collection, thereby
reducing bias. Multivariate logistic regression analysis
was used to adjust for confounders.

Statistical analysis

Data were summarized as means (standard devia-
tions) or medians (interquartile range) for continuous
variables, and frequencies (percentage) for nominal
variables. To identify differences between POD and
non-POD groups, the distribution of the data was
assessed using the Shapiro—Wilk test, continuous vari-
ables were assessed with the appropriate two-sample
method (paired t-test or rank-sum test), and categori-
cal variables were assessed with the chi-squared or
Fisher’s exact tests. Two-tailed p-values are reported,
and p < 0.05 was considered statistically significant.
Levels of preoperative SUA were normalized by log;,
transformation. Conditional logistic regression analysis
was used to assess variables independently associated
with POD, and adjusted odds ratios with 95% Cls were
calculated. To avoid overestimation, a conservative
approach was used: all variables with p < 0.20 on uni-
variate analyses (including a history of cerebrovascu-
lar disease and CAD, log preoperative SUA, dezocine,
infusion volume, duration of surgery, and neutrophil-
to-lymphocyte ratio [NLR] value) were included [16].
All analyses were performed using SPSS 25 software
(IBM Corp., Armonk, NY, USA).

Results

Demographic data and baseline characteristics of patients
During the study period, a total of 336 patients were
identified. Nineteen patients were excluded on the basis
of a history of gout (13), severe renal insufficiency or
renal failure (4), drugs influenced the level of SUA or
induced hallucinations (2), and participants with miss-
ing data (0). A total of 317 patients were eligible, of whom
50 patients were diagnosed with delirium, for an inci-
dence of 15.8%. Patients who failed to match were further
excluded (221), and a total of 96 patients were included in
the analysis. Figure 1 shows the flowchart of patient data
inclusion within this study. Patients diagnosed with POD
(n = 48) were matched 1:1 with patients without POD (n
= 48) on the basis of age, sex, and anesthesia type. Of the
96 patients, 80 (83.3%) were female. The median age of
the POD group was 86.5 years (interquartile range, 81.3,
90.0), and that of the non-POD group was 86.5 years
(interquartile range, 81.0, 90.0). The number of patients
who underwent combined spinal-epidural anesthesia was
40 (83.33%) in both groups (Table 2).

Risk factor analysis of POD

In the univariate analyses (Table 3), the following fac-
tors were associated with the occurrence of POD: his-
tory of cerebrovascular disease, including stroke and
transient ischemic attack (15 [31.25%] vs. 6 [12.50%],
p = 0.039), log preoperative SUA (2.33 £ 0.16 vs. 2.42
+ 0.13, p = 0.015), and NLR (5.24 [3.27,8.34] vs. 3.94
[2.70,5.30], p = 0.007).
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Hip fracture patients
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Fig. 1 Flowchart of patient identification and delirium diagnosis

Multivariable analysis (Table 3) showed three inde-

pendent risk factors for the occurrence of POD, including

Table 2 Patient characteristics and anesthetic types used to  log preoperative SUA (adjusted odds ratio [aOR], 0.028;
match cases and controls 95% CI, 0.001-0.844; p = 0.040), NLR (aOR, 1.314; 95%
CI, 1.053-1.638; p = 0.015), and surgery duration (aOR,

Variable Case (n=48) Control (n=48)
1.034; 95% CI, 1.004—1.065; p = 0.024) (Table 3).
Age, year, M (P,s P) 86.50(812590.00) 8650 (81.00,90.00)
Sex, n (%)
Male 8(16.67) 8(16.67) Postoperative complications
Female 40 (83.33) 40 (83.33) In our study, the length of hospital stay in the POD group
Anesthetic modes, n (%) was significantly longer than that in the non-POD group
CSEA 40 (83.33) 40(8333) (10.90 [8.0,12.0] vs. 8.27 [7.0,9.0], p < .001, Table 4). How-
GA 8(16.67) 8(16.67) ever, there was no significant difference in the incidence

Data are presented as medians (interquartile range) or number (%). of pneumonia or thrombosis between the two groups.

Abbreviations: CSEA Combined spinal-epidural anesthesia, GA General anesthesia
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Table 3 Analysis of risk factors for POD
Univariate analysis Multivariate analysis
Case (n=48) Control (n=48) p value aOR (95% Cl) p value

BMI, (kg/m2)

Underweight 6 (12.50) 2(4.17) 312

Normal 23(47.92) 23(47.92) Ref

Overweight 12 (25.00) 20 (41.67) 292

Obesity 7 (14.58) 3(6.25) 270
Medical history, n (%)

Diabetes mellitus 12 (25.00) 11(22.92) 808

Hypertension 32 (66.67) 30 (62.50) 566

Cerebrovascular disease 15(31.25) 6 (12.50) 039 1.594 (0.454-5.596) 467

CAD 20 (41.67) 13 (27.08) 134 1.734 (0.457-6.577) 419
Pre. Labo data

Cr, mg/dL 63.00 (50.00,83.00) 62.00 (52.25,76.75) 463

BUN, mg/dL 7.20(4.93,9.08) 6.65 (4.80,8.48) 297

Log preoperative SUA® 233+0.16 242 +£0.13 015 0.028 (0.001-0.844) .040

ALT, U/L 12.50 (9.00,16.00) 10.00 (8.00,18.50) 651

AST, U/L 17.00 (14.25,20.75) 18.00 (15.25,23.00) 829
Intraoperative medications, n (%)

Dexmedetomidine 35(72.92) 37 (77.08) 638

Midazolam 1(2.08) 2(4.17) 571

Droperidol 2(4.7) 1(2.08) 571

Butorphanol 6 (12.50) 7 (14.58) 782

Dexamethasone 11(22.92) 13 (27.08) 655

Dynastat 3(6.25) 5(1042) 484

Dezocine 2(4.17) 6 (12.50) 178 0.525 (0.058-4.771) 567
Intraoperative factors

Infusion volume, mL 800.0 (700.0,1000.0) 800. 0 (600.0,1000.0) .091 1.002 (0.999-1.005) 186

Hemorrhage volume, mL 200.0 (112.5,200.0) 200.0 (118.8,222.5) 728

Urine output, mL 200.0 (100.0,275.0) 175.0 (100.0,200.0) 245

Duration of anesthesia, min 65.50 (52.25,79.25) 57.00 (50.25,70.50) 483

Duration of surgery, min 116.21 £ 26.59 112.88 +23.28 062 1.034 (1.004-1.065) 024
Blood RT

ESR, mm/h 36.75 £ 20.54 3500+ 17.29 649

NLR 5.24(3.27,8.34) 3.94(2.70,5.30) 007 1.314 (1.053-1.638) 015

Hb, g/dL 101.94 +18.28 106.98 + 23.02 269

CRP, mg/L 61.10 (46.22,97.72) 63.92 (38.12,94.43) 292

ALB, g/L 3591 £ 3381 36.80 £ 3.75 217

Cys C, mg/L 0.78(0.58,0.99) 0.80 (0.65,1.06) 695

Blood glucose, mmol/L 5.98(5.07,7.18) 5.64(5.14,6.97) 730
Other risk factors

Electrolyte disorder, n (%) 21 (43.75) 18 (37.50) 549

2 Levels of preoperative SUA were normalized by log,, transformation

Data are presented as number (%), means (standard deviations), or medians (interquartile range). Abbreviations: ALB Albumin, ALT Alanine transaminases, AST
Aspartate aminotransferases, aOR Adjusted odds ratio, Blood RT Blood routine test, BMI Body Mass Index, BUN Blood urea nitrogen, CAD Coronary artery disease, C/
Confidence interval, CRP C-reactive protein, Cr Creatinine, Cys C Cystatin C, ESR Erythrocyte sedimentation rate, Hb Hemoglobin, NLR Neutrophil-to-lymphocyte ratio,
SUA Serum uric acid
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Table 4 Outcomes: cases vs matched controls

Outcomes Case (n=48) Control (n=48) t/x2 pvalue
Length of stay, day? 1086 £5.15 832+ 263 -3.798 <.001
Hypostatic 12 (25.00) 8(16.67) 1.011 315
pneumonia®

Thrombosis® 13 (27.08) 12 (25.00) .054 816

Data are presented as mean £ SD and number (%)
2 paired t-test, Pchi-square test

Discussion

In this retrospective case-control study, we found that
a lower preoperative SUA level was associated with a
higher risk of POD. A higher NLR value and increased
duration of surgery were also identified as independ-
ent risk factors of POD in older patients after hip frac-
ture. The incidence of POD after hip fracture surgery was
15.8% in our study.

A recent study reported the neuroprotective potential
of UA in animal models and clinical trials [17]. Moreover,
epidemiological data have indicated an inverse associa-
tion between UA and several neurological disorders. An
emerging body of evidence has indicated that lower SUA
levels are associated with poorer cognitive function and
increased risk of mild cognitive impairment [12, 18]. Fur-
thermore, a decreased SUA level is related to a markedly
higher risk of progressing to Alzheimer’s disease demen-
tia from a non-demented state [19, 20], and the develop-
ment of nonmotor symptoms in patients with Parkinson’s
disease [10]. No previous study has investigated the cor-
relation between preoperative SUA levels and POD; we
found that a lower preoperative SUA level was an inde-
pendent risk factor for POD in older patients with hip
fracture surgery.

The exact underlying pathophysiology of POD is elu-
sive and several biological models of delirium have been
proposed, including neuro-inflammation, neuro-aging,
neuro-endocrine stress, neurotransmitter dysregulation,
oxidative stress, sleep/wake dysregulation, and network
dysconnectivity [21]. The widely accepted theory is the
“oxidative stress hypothesis,” which states that cerebral
tissue is susceptible to oxidative damage because of its
high oxygen requirement for metabolism, high level of
polyunsaturated fatty acid, and low concentration of
antioxidant resources [22]. As a natural antioxidant, the
antioxidant properties of UA include the capacity to
neutralize and scavenge prooxidant molecules, such as
hydroxyl radicals, hydrogen peroxide, and peroxynitrite,
and to suppress the Fenton reaction, chelate transition
metals, and prevent lipid peroxidation [23, 24]. Moreo-
ver, several studies showed that in in vitro cultures urate
markedly enhanced survival of dopaminergic neurons in
a model of spontaneous cell death. The protective effects
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of urate have also been found in vivo, and URATI and
GLUT?Y expressed in mouse astrocytes reportedly pro-
tect dopaminergic neurons from cellular oxidative stress
through intracellular accumulation of UA [25]. Thus,
based on the biochemical ability of UA, there is indeed
evidence for the neuroprotective role of SUA.

We also found that increased duration of surgery and
NLR could serve as independent risk factors for POD in
older patients undergoing hip fracture surgery. Numer-
ous studies have established operation time as a risk
factor for POD in various types of surgical procedures
[26, 27]. There is no doubt that longer surgery duration
indicates a more complex procedure with severe surgical
stimulation and may result in greater acute inflammatory
responses [27, 28]. The neuroinflammatory hypothesis
is a widely accepted explanation for the development of
POD [29]. It has been hypothesized that acute peripheral
inflammatory stimulation, brain parenchymal cell acti-
vation, and proinflammatory cytokine expression could
lead to neuronal cell apoptosis and synaptic dysfunction
[29]. NLR, as a reliable measure of systemic inflamma-
tion, has been shown to be a good predictor of outcomes
for neurological and psychiatric disorders in previous
studies [30, 31]. The close association between inflam-
mation and POD may be a possible explanation for the
relationship between elevated NLR values and POD in
our study. Notably, the trauma may have already initiated
the inflammatory cascade in patients with hip fracture. It
is likely that increasing inflammatory mediators induced
by anesthesia-surgical intervention contribute to the risk
of POD [32].

Consistent with previous studies, our analyses revealed
a longer length of hospital stay for patients with POD.
Prolonged length of stay can delay the patient’s ability to
recover their nutritional status [33]. However, there was
no significant difference in the incidence of pneumonia
and thrombosis between the POD and non-POD groups
in our analysis. The causes of pneumonia and thrombo-
sis are complex and include not only prolonged recum-
bency, but also the location and duration of surgery,
and pre-existing underlying diseases. A multidiscipli-
nary approach to develop a reasonable surgical plan may
reduce the incidence of postoperative complications.

Although the results of this study were promis-
ing, there are some limitations. The major limitation
is the bias caused by the retrospective design. We did,
however, use a matched study to minimize the effect
of confounding factors such as selection bias. Pair-
ing characteristics were carefully selected, includ-
ing age, sex, and anesthesia type, which have a strong
relationship with POD [34-37]. We improved upon a
chart-based method which had been previously vali-
dated for identifying POD from medical records [13].
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A retrospective study published in European Journal
of Anaesthesiology showed a 15.7% incidence of POD
[14], which was similar to our findings. This supports
the idea that delirium can be assessed retrospectively
with good accuracy, and the retrospective chart review
method is more appropriate for the clinical situation
and retrospective research application. Another limita-
tion is that the lack of control over relevant confound-
ing factors (i.e., dementia and cognitive impairment),
and the small sample size may affect the accuracy of the
interpretation. Our results should thus be interpreted
cautiously, and a prospective study with a larger sample
size is required.

Conclusions

Currently, POD remains an entirely clinical diagnosis
with no established biomarkers to guide the diagnosis
or management. Our observation of a significant asso-
ciation between preoperative SUA and POD is sug-
gestive. Whether this represents a causal relationship
remains to be determined. In summary, our study indi-
cates a potential relationship between low preoperative
SUA levels and POD among elderly patients. However,
a large prospective study is required to identify whether
preoperative SUA level could serve as a risk marker for
POD, which could enable proactive interventions.
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