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Abstract: Preoperative anxiety, a common perioperative psychological state characterized by restlessness and somatic symptoms, has
been reported to affect a broad range of adult surgical patients, with prevalence estimates ranging from approximately 11% to 80%
across observational studies, and affects a similar proportion of pediatric patients, with one cross-sectional study reporting an incidence
of around 67.6% in Chinese children undergoing elective surgery. Mounting evidence suggests that preoperative anxiety may be
a potential contributing factor to postoperative delirium (POD), an acute cognitive disturbance associated with poor prognosis,
increased mortality, and elevated healthcare costs. This mini-review synthesizes the role of preoperative anxiety in predicting POD,
highlighting its significance in identifying high-risk populations. This mini-review aims to synthesize current evidence on the impact
of preoperative anxiety on POD, clarify underlying pathophysiological mechanisms, and summarize recent pharmacological and non-
pharmacological preventive strategies. Mechanistically, preoperative anxiety contributes to POD via systemic and neuroinflammatory
responses, blood-brain barrier disruption, postoperative pain amplification, and oxidative stress. Pharmacological interventions (eg,
dexmedetomidine, ketamine in pediatric patients) and non-pharmacological strategies (eg, music therapy, virtual reality-based
cognitive-behavioral interventions) effectively alleviate preoperative anxiety and reduce POD incidence. Despite progress, the
mechanisms linking preoperative anxiety to POD remain incompletely understood, particularly the roles of neuroinflammatory
pathways, blood-brain barrier disruption, and the comparative effectiveness of pharmacological versus non-pharmacological inter-
ventions. Targeted research in these areas is needed to optimize preventive strategies and improve surgical outcomes.
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Introduction

Preoperative anxiety is defined as a state of restlessness or tension caused by concerns about illness, hospitalization,
anesthesia, surgery, or unexplained worries, often accompanied by somatic manifestations such as palpitations, dyspnea,
diaphoresis, frequent urination, abdominal pain, diarrhea, or sleep disturbances. Epidemiological studies indicate that
preoperative anxiety is highly prevalent across surgical populations, affecting approximately 11%-80% of adult patients,’
with consistently higher rates observed in females than in males. In pediatric populations, the prevalence is similarly
high; notably, studies in Chinese children report a prevalence of approximately 67.6%, comparable to rates observed
internationally.*

The State-Trait Anxiety Inventory (STAI) is widely recognized as the gold standard for assessing preoperative anxiety, as it
effectively captures patients’ subjective experiences and distinguishes between state and trait anxiety, with higher scores
indicating greater anxiety severity.* In addition to the STAI several other instruments are commonly used to assess
preoperative anxiety across different populations, including the Hamilton Anxiety Scale (HAM-A) for evaluating psycholo-
gical and somatic symptoms in adults, the Hospital Anxiety and Depression Scale (HADS), which is suitable for hospital
settings and distinguishes anxiety from depression, and the Modified Yale Preoperative Anxiety Scale (m-YPAS), an
observational tool specifically designed for pediatric patients.”’ Although each instrument has inherent strengths and
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limitations, their combined use facilitates a more comprehensive assessment of preoperative anxiety and enables meaningful
comparisons across studies. Importantly, anxiety can be conceptualized as either a state or a trait. State anxiety reflects
a transient, situational response to imminent stressors such as surgery or hospitalization, making it a key target for preoperative
interventions, whereas trait anxiety represents a stable personality characteristic that predisposes individuals to heightened
stress responses across contexts.® Recognizing this distinction is clinically relevant, as it helps identify patients most likely to
benefit from interventions aimed at reducing short-term, situational anxiety.

Excessive preoperative anxiety has been associated with increased perioperative complications, including intraoperative
hemodynamic instability, increased anesthetic consumption, postoperative pain, nausea, vomiting, and delirium, thereby
significantly impacting patient outcomes and prognosis.”'® The pathogenesis of postoperative delirium (POD) and post-
operative cognitive decline (POCD) is complex and multifactorial, involving surgery-, anesthesia-, and patient-related risk
factors, with inflammatory responses induced by surgery being one of the most promising directions. Notably, Glumac et al'"
reported that preoperative corticosteroid administration attenuates the surgical inflammatory response and consequently
decreases the incidence and severity of cognitive deterioration, further highlighting the role of inflammation in POD.

POD refers to acute and fluctuating disturbances in attention and consciousness following surgery, representing
a common surgical complication and a marker of poor prognosis. It can result in cognitive decline, increased mortality,
and elevated healthcare costs,'? highlighting the urgent need for effective interventions to prevent its occurrence.
Preoperative anxiety is prevalent, affecting approximately 25%-80% of surgical patients,'® and has been identified as
a potential contributing factor for POD.” However, evidence regarding this association remains inconsistent. While some
earlier studies reported weak or non-significant correlations,'* more recent prospective investigations in orthopedic and
hip arthroplasty populations have shown significant positive associations between preoperative anxiety and POD risk.>?
These discrepancies may be attributable to differences in study design, patient populations, anxiety assessment tools, or
POD diagnostic criteria, underscoring the need for a comprehensive synthesis of current evidence.

Delirium is a form of cognitive impairment characterized by acute reductions in cognitive ability, inattention, clouded
consciousness, and perceptual abnormalities.” Preoperative anxiety serves as a potential contributing factor for POD in
elderly patients undergoing elective orthopedic surgery and a strong predictor of POD in patients undergoing tumor
resection.” Furthermore, in cancer patients undergoing tumor resection, preoperative anxiety has been shown to
significantly predict the onset of delirium.'® Although the strength of association varies between populations and study
designs, these findings collectively suggest that addressing preoperative anxiety may be a meaningful target for
preventive interventions aimed at reducing the incidence of POD."

Despite growing evidence linking preoperative anxiety to POD, findings remain inconsistent due to variations in
patient populations, surgical types, anxiety assessment tools, and POD diagnostic criteria. Furthermore, the underlying
pathophysiological mechanisms are not fully understood, and comprehensive guidance on effective multimodal pre-
ventive interventions is lacking. Therefore, the primary objective of this review is to consolidate and critically synthesize
current evidence on the relationship between preoperative anxiety and POD. Specifically, it aims to clarify the impact of
preoperative anxiety on the incidence and severity of POD, elucidate underlying pathophysiological mechanisms—
including neuroinflammatory pathways, hypothalamic-pituitary-adrenal axis dysregulation, blood-brain barrier disrup-
tion, and oxidative stress—and summarize the latest advances in preventive strategies, both pharmacological and non-
pharmacological. By providing this synthesis, our review contributes a focused and updated perspective, facilitating the
development of targeted interventions to reduce preoperative anxiety and the associated burden of POD.

Methods

This mini-review was based on a focused literature search to summarize evidence on the association between preopera-
tive anxiety and POD. PubMed, Web of Science, and Embase were searched for articles published up to October 2025.
The search strategy applied was (“preoperative anxiety” OR “preoperative stress” OR “preoperative nervousness””) AND
(“postoperative delirium” OR “POD” OR “postoperative cognitive complications”). Reference lists of relevant articles
and reviews were also manually screened to identify additional studies. Both human clinical studies and experimental
studies providing mechanistic insights were considered. Study selection was performed in two stages, with initial
screening of titles and abstracts followed by full-text review based on predefined inclusion criteria. A total of 65 studies
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were ultimately included. The search and screening were independently conducted by Q.W., G.D., and Y.L., and the final
selection of included studies was approved by Q.W.

Prediction of POD by Preoperative Anxiety
With the biopsychosocial model gradually replacing the traditional biomedical model, the relationship between patients’
mental and psychological factors and diseases has attracted increasing clinical attention. As one of the mental and
psychological factors influencing POD, preoperative anxiety reflects a temporary and acute anxiety response. Patients
often experience tension and worry before surgery, which can significantly reduce their intraoperative physiological state
below the optimal level, potentially leading to a series of adverse postoperative consequences. Preoperative anxiety not
only affects the dosage of anesthetic drugs, the intensity of postoperative pain, and the demand for postoperative opioid
drugs but also increases the incidence of complications such as postoperative nausea and vomiting and mortality in
certain types of surgeries.'®'®

Since preoperative anxiety can be improved through preoperative interventions, it can be used for the identification of
high-risk populations for POD and the formulation of POD prevention methods. In 1987, Simpson et al reported that

12° also demonstrated

there was no correlation between preoperative anxiety and POD.' Subsequently, Van Grootven et a
no association between preoperative anxiety and POD. These earlier findings may have been influenced by limitations
such as small sample sizes, heterogeneity in patient populations, the use of less sensitive anxiety assessment tools, or
varying criteria for POD diagnosis.'> However, in 2019, Wada et al'® showed that age and a score >7 on the Anxiety
subscale of the HADS-A were predictive factors for the occurrence of delirium. Ma et al” reported that the incidence of
POD in patients undergoing total hip arthroplasty was 19.6%. All participants were divided into an anxiety group
(HADS-A >7) and a non-anxiety group (HADS-A <7) based on HADS-A scores. Compared with patients in the non-
anxiety group, those in the anxiety group had a significantly higher incidence of POD (25.3% vs 14.8%, OR=0.51, 95%
CI 0.29-0.92) and a significantly prolonged hospital stay. These results suggest that preoperative anxiety may be one of
the causes of POD and can lead to prolonged surgical recovery time and hospital stay. Elevated levels can serve as
evidence of blood-brain barrier (BBB) impairment. Lopez et al*' indicated that increased postoperative plasma S100p
concentration was independently associated with POD. Taken together, these contradictory findings suggest that
methodological differences and patient characteristics may account for inconsistencies in reported associations,?* high-
lighting the need for standardized assessment approaches and further large-scale prospective studies.

Ren et al’ found through a study of 263 elderly patients undergoing elective orthopedic surgery that preoperative

1?*> demonstrated a significant association between preoperative

anxiety was independently associated with POD. Ali et a
anxiety in children and postoperative emergence delirium; for each 1-point increase in the Modified Yale Preoperative
Anxiety Scale score, the incidence of delirium increased by 1.23 times (OR=1.23, 95% CI 1.16-1.29). Ling et al**
showed that the preoperative Hamilton Anxiety Scale score was an independent predictor of POD (OR=2.12, 95% CI
1.28-3.50), and the nomogram prediction model established by them exhibited good clinical predictive ability
(AUC=0.74, 95% CI 0.66—0.83). These studies all suggest that there is a significant correlation between preoperative
anxiety and POD; preoperative anxiety can serve as a predictive factor for POD, providing new ideas for the clinical

prevention and treatment of POD (Table 1).

Mechanisms Underlying Preoperative Anxiety-Induced POD

Systemic Inflammatory Response and Neuroinflammation

Systemic inflammation is widely recognized as a central mechanism in the pathogenesis of POD.? Emerging evidence
suggests that preoperative anxiety may be associated with POD through indirect modulation of inflammatory responses
rather than through a direct causal pathway.”® Preoperative anxiety activates the hypothalamic-pituitary-adrenal (HPA)
axis, triggering excessive glucocorticoid release, which amplifies the inflammatory cascade initiated by surgery or tissue
injury. Notably, older adults exhibit immunosenescence and a baseline proinflammatory state (“inflammaging”), which
may render them more susceptible to anxiety-induced amplification of perioperative inflammatory responses, particularly
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Table | Summary of Studies Investigating the Predictive Role of Preoperative Anxiety on POD

(OR=2.12, 95% CI 1.28-3.50)

predictive model validated

Study Population Anxiety Assessment | Key Findings Effect on POD References
Tool
Simpson et al, 1987 Adult surgical patients Not specified No significant correlation between None [19]
preoperative anxiety and POD
Van Grootven et al, 2015 | Adult surgical patients Not specified No significant association None [20]
Wada et al, 2019 Cancer patients HADS-A Age and HADS-A >7 predictive of delirium Preoperative anxiety predicted increased POD risk | [10]
Ma et al, 2021 Total hip arthroplasty HADS-A Anxiety group (HADS-A 27) had higher POD | Higher incidence of POD and prolonged hospital [2]
incidence (25.3% vs 14.8%) stay
Ren et al, 2021 Elderly elective Not specified Preoperative anxiety independently Preoperative anxiety independently increased POD | [9]
orthopedic patients associated with POD risk
(n=263)
Ali et al, 2022 Pediatric surgical patients | m-YPAS Each I-point increase in anxiety score Preoperative anxiety associated with higher risk of | [23]
increased delirium incidence 1.23-fold postoperative emergence delirium
Ling et al, 2022 Adult surgical patients Hamilton Anxiety Scale | Anxiety score independently predicted POD | Preoperative anxiety predicted POD occurrence; [24]

Abbreviations: POD, postoperative delirium; HADS-A, Hospital Anxiety and Depression Scale—Anxiety subscale; m-YPAS, Modified Yale Preoperative Anxiety Scale.
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after major orthopedic or cardiac surgeries.”’ Peripheral inflammatory cytokines infiltrate the central nervous system
(CNS) and interact with microglia, precipitating neuroinflammation that contributes to POD.

Chronic stress and preoperative anxiety activate the HPA axis, leading to sustained elevations in circulating
glucocorticoids and disrupted glucocorticoid receptor (GR) signaling in brain regions involved in stress regulation.
Rodent studies have demonstrated that chronic glucocorticoid exposure and repeated stress paradigms lead to increased
HPA axis activity, elevated glucocorticoid levels, and associated impairments in GR function, which may contribute to
enhanced proinflammatory signaling and neuroinflammation in anxiety-related conditions.”® This dysregulation may be
more pronounced in elderly patients or in surgeries associated with extensive tissue trauma, where stress responses and
inflammatory burdens are greater.”’

Elevated circulating inflammatory mediators correlate with POD progression. Liu et al*® reported significantly higher
serum levels of TNF-a, IL-1pB, and IL-6 in POD patients compared to non-POD counterparts. Additionally, POD patients
show increased IL-8 concentrations in preoperative and immediate postoperative plasma and whole blood samples,*' while
elevated preoperative monocyte chemoattractant protein-1 (MCP-1) is independently associated with POD.*? These
inflammatory markers have been reported to rise more markedly following high-risk procedures, such as hip fracture
repair or major abdominal surgery, suggesting that surgical type may modulate the inflammatory contribution to POD.**

Blood-Brain Barrier Impairment

Increasing evidence indicates that blood—brain barrier (BBB) dysfunction is involved in the development of POD;**
however, the role of preoperative anxiety in directly inducing BBB impairment remains incompletely defined.”® Anxiety-
and depressive-like behaviors have been shown to alter BBB permeability in experimental models, which may facilitate
peripheral-to-central inflammatory signaling and contribute to delirium vulnerability.>> S100p, a calcium-binding protein
primarily expressed by astrocytes, leaks into the bloodstream and cerebrospinal fluid when BBB permeability increases,
serving as a biomarker of BBB damage. Lopez et al*' identified a significant independent association between post-
operative plasma S100B elevation and POD, implicating BBB impairment in POD pathogenesis. Age-related BBB
fragility may further exacerbate this process, potentially explaining the higher incidence of POD observed in elderly
patients undergoing major surgery compared with younger populations or those receiving minimally invasive
procedures.>® Collectively, these findings support BBB impairment as a shared pathological substrate of POD, while
preoperative anxiety is more likely to act as a modulatory factor rather than a direct cause of BBB disruption.

Postoperative Pain

The role of preoperative anxiety in postoperative pain pathogenesis has gained increasing attention. Yang et al’’
confirmed via meta-analysis that preoperative anxiety is a key predictor of poor acute postoperative pain control.
Postoperative pain itself is an independent risk factor for POD, forming a reciprocal relationship with preoperative
anxiety. Preoperative anxiety enhances nociceptive sensitivity, exacerbating acute postoperative pain. This interaction
appears particularly relevant in orthopedic and thoracic surgeries, where postoperative pain intensity is typically higher
and prolonged, thereby increasing the risk of delirium, especially in older adults.*® Afferent pain signals propagate
peripheral immune signals to the CNS via neuroendocrine pathways, amplifying neuroinflammation. Koyama et al*’
showed that postoperative analgesia with local ropivacaine infiltration or systemic morphine ameliorates delirium-like

cognitive deficits in rats, highlighting that optimal acute pain management reduces POD risk.

Oxidative Stress
Oxidative stress, defined as an imbalance between pro-oxidant and antioxidant activity, triggers neutrophilic infiltration,
excessive protease secretion, and accumulation of reactive oxygen species (ROS), reactive nitrogen species, and lipid

peroxides, causing oxidative damage to proteins, lipids, and nucleic acids. Lopez et al*!

suggested that delirium may
represent behavioral manifestations of oxidative stress-induced neurodamage, as oxidative stress exerts neurotoxic
effects, impairing neuronal function and exacerbating injury.

Zhang et al*® observed heightened systemic oxidative stress in delirium-susceptible mice, characterized by elevated

ROS and reduced hippocampal ATP levels, which were reversed by cyclosporine A (CsA), an oxidative stress inhibitor.
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This implicates hippocampal redox imbalance in murine delirium-like behaviors. Given that antioxidant defenses decline
with aging, elderly patients may be particularly vulnerable to anxiety-induced oxidative injury following major surgical
stress.*! Anxiety and oxidative stress exhibit bidirectional crosstalk:** severe anxiety disrupts homeostatic responses to
stress, overloading regulatory systems and inducing oxidative stress. Conversely, oxidative stress impairs cerebral
proteolysis, leading to accumulation of oxidized proteins, which modulates the onset and severity of psychotic symptoms
in mood disorders and exacerbates anxiety-like behaviors. Thus, mitigating preoperative anxiety may reduce oxidative
stress, limit neurodamage, and lower POD incidence.

However, it is important to note that most evidence regarding the mechanistic links between preoperative anxiety,
central inflammation, BBB dysfunction, and oxidative stress is derived from animal models or associative clinical
studies. Direct causal evidence in human populations remains limited, and heterogeneity in patient characteristics,
surgical procedures, and assessment tools may influence observed associations. Taken together, these mechanisms and
their potential contributions to POD are summarized in Table 2 and Figure 1. While current data support a modulatory
role of preoperative anxiety in POD pathogenesis, these conclusions should be interpreted with caution, and further large-
scale prospective studies are warranted to validate these findings in clinical settings.

Interventions for Preoperative Anxiety

Pharmacological Interventions
Dexmedetomidine: Dexmedetomidine: A commonly used anesthetic with potent anxiolytic and sedative properties,
dexmedetomidine acts as an op-adrenergic receptor agonist. Evidence from randomized controlled trials and meta-
analyses demonstrates that perioperative dexmedetomidine significantly reduces preoperative anxiety scores in adults and
elderly patients.** It activates the parasympathetic nervous system and exerts anti-inflammatory effects via a7 nicotinic
acetylcholine receptors, reducing systemic inflammatory responses, lowering proinflammatory cytokine levels, preser-
ving blood-brain barrier integrity, and inhibiting POD.?’ It can be administered through multiple routes, including oral,
intranasal, rectal, single intravenous bolus, or continuous infusion. Pan et al*® confirmed that perioperative use of
dexmedetomidine effectively prevents POD.

Ketamine: An NMDA receptor antagonist, ketamine is frequently used as preanesthetic medication in pediatric
patients. Clinical studies have shown that intravenous ketamine before induction reduces preoperative anxiety scores and
improves compliance in children.** Recent studies highlight its potential in combination therapies: Hollinger et al**

suggested that preoperative ketamine may protect neurons and astrocytes, likely via NMDA receptor antagonism.

Table 2 Mechanisms Linking Preoperative Anxiety to POD

Mechanism

Key Processes

Evidence

Modulators

References

Inflammation

BBB dysfunction

Postoperative pain

Oxidative stress

Activation of HPA axis;
increased glucocorticoids;
elevated TNF-o,

IL-1B, IL-6, IL-8, MCP-1;
microglial activation
Increased permeability; S1003
leakage; enhanced central
inflammation

Anxiety enhances nociception
and pain signaling

Excess reactive oxygen/
nitrogen species causing
neuronal damage

POD patients exhibit higher cytokine levels;
animal models show anxiety-induced HPA

hyperactivity

Elevated postoperative SI00p associated with
POD; animal studies show anxiety alters BBB

Preoperative anxiety predicts poor acute pain
control; analgesia reduces delirium in animal
models

Animal models show ROS increase and
hippocampal ATP reduction; oxidative stress

exacerbates anxiety

Older age,
surgery type,

tissue trauma

Older age, major

surgery

Surgery type,
pain management
strategies

Older age,
surgical stress

[26,27,30-33]

[21,35,36]

[37-39]

[21,40,41]

Abbreviations: POD, postoperative delirium; HPA, hypothalamic-pituitary-adrenal axis; BBB, blood-brain barrier; ROS, reactive oxygen species; MCP-1, monocyte
chemoattractant protein-|.
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Figure | Mechanistic pathways linking preoperative anxiety to POD. Preoperative anxiety may contribute to POD through four biological pathways: (1) Systemic and
neuroinflammation, via HPA axis activation, elevated glucocorticoids, and increased pro-inflammatory cytokines (eg, TNF-a, IL-1, IL-6); (2) BBB dysfunction, with increased
permeability, peripheral cytokine influx, and S100p leakage; (3) Enhanced postoperative pain, due to heightened nociceptive sensitivity; and (4) Oxidative stress, including
increased ROS/RNS, reduced antioxidant defenses, and hippocampal redox imbalance. These pathways contribute to POD symptoms such as cognitive deficits, inattention,
and fluctuating consciousness.

However, its use is limited by population-specific effects; single anesthetic doses in elderly patients do not reduce POD
and may increase the incidence of postoperative nightmares and hallucinations, posing risks to this cohort.
Anxiolytics: Preoperative anxiety-induced POD involves excessive activation of the HPA axis. Some pharmacological
agents, including tricyclic antidepressants, selective serotonin reuptake inhibitors, and benzodiazepines, have been reported
to modulate HPA axis activity in certain contexts, which may theoretically reduce delirium risk;** however, clinical
evidence specifically supporting their effectiveness for POD prevention is limited. Marcantonio et al** cautioned that
benzodiazepines are a risk factor for delirium, with inappropriate preoperative use increasing POD incidence.

Non-Pharmacological Interventions

Music therapy: An effective, simple, non-invasive, and cost-efficient approach to reduce preoperative anxiety. Casarin

133

et al’” showed that music interventions delivered by board-certified music therapists significantly reduced preoperative
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Table 3 Summary of Interventions for Preoperative Anxiety and Their Effects on POD

interventions (eg,
VR)

preoperatively

children)

anesthesia induction

Intervention Specific Patient Administration Mechanism of Action Key Effects Limitations/ References
Type Method/Agent Characteristics | Details/Duration Considerations
Pharmacological | Dexmedetomidine | Elderly patients; IV infusion: 0.2-0.7 ug/ | oy-adrenergic receptor agonist; Reduces preoperative anxiety; | None specified in [47-50]
high-risk kg/h; start 15-30 min activates parasympathetic nervous lowers proinflammatory reviewed data
orthopedic or before induction, system; anti-inflammatory via a7 cytokines; preserves blood-
cardiac surgery continue nicotinic acetylcholine receptors brain barrier; prevents POD
perioperatively
Ketamine Pediatric patients | IV bolus: 0.25-0.5 mg/ | NMDA receptor antagonist; Alleviates anxiety and Ineffective for POD in [51-53]
kg before induction protects neurons and astrocytes improves compliance in elderly; may increase
children postoperative
nightmares and
hallucinations
Anxiolytics (eg, Adults with Benzodiazepines: eg, Normalizes overactive Potential for POD prevention | Benzodiazepines may [54-56]
benzodiazepines, preoperative midazolam hypothalamic-pituitary-adrenal (via HPA axis regulation) increase POD
TCAs, SSRIs) anxiety; HPA axis | 0.02-0.05 mg/kg IV (HPA) axis incidence if
overactivation 30-60 min pre-op inappropriately used
preoperatively
Non- Music therapy All surgical 20-30 min session, -2 | Reduces serum cortisol and Lowers preoperative anxiety Optimal music type [57,58]
pharmacological patients; times preoperatively catecholamine levels; modulates and STAI-S scores; requires
adaptable by stress response personalized effects by genre individualization
preference
Cognitive- Children; high- VR exposure: Distraction-based technique; diverts | Lowers anxiety scores; Optimal time interval [59]
behavioral anxiety adults 15-20 min session attention (particularly effective in improves compliance during between VR

intervention and

surgery undetermined

Abbreviations: POD, postoperative delirium; IV, intravenous; HPA, hypothalamic-pituitary-adrenal axis; TCAs, tricyclic antidepressants; SSRIs, selective serotonin reuptake inhibitors; STAI-S, State-Trait Anxiety Inventory—State version.
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anxiety in patients undergoing laparoscopic surgery. Preoperative anxiety elevates serum cortisol and catecholamine
levels—key stress biomarkers—and music therapy mitigates these effects. Ugras et al** confirmed that preoperative
music therapy lowers preoperative anxiety, reduces STAI-S scores, and decreases serum cortisol concentrations. Notably,
psychological and physiological responses to music vary by genre, emphasizing the need for personalized protocols.

Cognitive-behavioral interventions: Given the high incidence and adverse outcomes of preoperative anxiety, evidence
supports the use of cognitive-behavioral therapy (CBT) and distraction-based techniques, such as virtual reality (VR), to
reduce preoperative anxiety in pediatric populations.** Ryu et al*> found that children receiving preoperative VR
interventions exhibited lower anxiety scores and better compliance during anesthetic induction compared to controls,
with greater engagement in VR games correlating with stronger anxiolytic effects. However, the optimal time interval
between VR intervention and surgery remains to be determined.

Integration and Clinical Application

While individual pharmacological or non-pharmacological interventions can reduce preoperative anxiety, emerging
evidence suggests that multimodal approaches combining both types of strategies are more effective in mitigating
POD risk.*’ Tailoring interventions to patient characteristics—such as age, baseline cognitive status, surgical type, and
anxiety severity—can maximize efficacy.’® For instance, elderly patients undergoing high-risk orthopedic or cardiac
surgeries may benefit from a combination of dexmedetomidine infusion, music therapy, and CBT-based VR
interventions.*® Implementing a structured, multimodal preoperative anxiety management plan facilitates comprehensive
POD prevention in clinical practice, moving beyond single interventions and offering a practical framework for
clinicians. See Table 3 for summary of interventions for preoperative anxiety.

Conclusion

The association between preoperative anxiety and POD is now widely recognized, with preoperative anxiety consistently
linked to an increased incidence of POD. As an independent predictor of POD, preoperative anxiety plays a pivotal role in
identifying high-risk patients and formulating targeted prevention strategies. A range of perioperative interventions, including
pharmacological approaches (eg, dexmedetomidine, ketamine in select populations, and cautious use of anxiolytics) and non-
pharmacological modalities (eg, music therapy and cognitive-behavioral interventions such as virtual reality), have demon-
strated efficacy in alleviating preoperative anxiety, thereby reducing POD incidence and mitigating its severity.

Despite these advances, the precise mechanistic links between preoperative anxiety and POD—encompassing path-
ways such as neuroinflammation, HPA axis dysregulation, blood-brain barrier impairment, and oxidative stress—remain
incompletely elucidated. As a mini-review, this study is limited by its selective inclusion of published studies rather than
a comprehensive systematic review, which may introduce selection bias and affect the generalizability of the findings.
Future studies should focus on the anxiety—POD relationship in elderly patients, investigate mechanistic differences
across surgical types, and explore novel pharmacological and non-pharmacological interventions, which will facilitate
optimized strategies to reduce preoperative anxiety and prevent POD.

Data Sharing Statement

The experimental data used to support the findings of this study are available from the corresponding author upon request.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding
The work was not funded by any funding.

Journal of Multidisciplinary Healthcare 2026:19 https: 9



Wang et al

Disclosure
The authors declared that they have no conflicts of interest regarding this work.

References

1.

2.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Yu J, Zhang Y, Yu T, et al. Preoperative anxiety in chinese adult patients undergoing elective surgeries: a multicenter cross-sectional study. World
J Surg. 2022;46(12):2927-2938. doi:10.1007/s00268-022-06720-9

Ma J, Li C, Zhang W, et al. Preoperative anxiety predicted the incidence of postoperative delirium in patients undergoing total hip arthroplasty:
a prospective cohort study. BMC Anesthesiol. 2021;21(1):48. doi:10.1186/s12871-021-01271-3

. Liang Y, Huang W, Hu X, et al. Preoperative anxiety in children aged 2-7 years old: a cross-sectional analysis of the associated risk factors. Trans/

Pediatr. 2021;10(8):2024-2034. doi:10.21037/tp-21-215

. Kain ZN, Caldwell-Andrews AA, Maranets I, et al. Preoperative anxiety and emergence delirium and postoperative maladaptive behaviors. Anesth

Analg. 2004;99(6):1648-1654. doi:10.1213/01.ANE.0000136471.36680.97

. Kain ZN, Mayes LC, Cicchetti DV, et al. The yale preoperative anxiety scale: how does it compare with a “gold standard”? Anesth Analg. 1997;85

(4):783-788. doi:10.1213/00000539-199710000-00012

. Snaith RP. The Hospital Anxiety and Depression Scale. Health Qual Life Outcomes. 2003;1(1):29. doi:10.1186/1477-7525-1-29
. Thompson E. Hamilton rating scale for anxiety (HAM-A). Occup Med. 2015;65(7):601. doi:10.1093/occmed/kqv054
. Takamiya S, Honma M, Masaoka Y, et al. Preoperative state anxiety predicts postoperative health-related quality of life: a prospective observational

study on patients undergoing lung cancer surgery. Front Psychol. 2023;14:1161333. doi:10.3389/fpsyg.2023.1161333

.Ren A, Zhang N, Zhu H, et al. Effects of preoperative anxiety on postoperative delirium in elderly patients undergoing elective orthopedic surgery:

a prospective observational cohort study. Clin Interv Aging. 2021;16:549-557. doi:10.2147/CIA.S300639

. Wada S, Inoguchi H, Sadahiro R, et al. Preoperative anxiety as a predictor of delirium in cancer patients: a prospective observational cohort study.

World J Surg. 2019;43(1):134-142. doi:10.1007/s00268-018-4761-0

. Glumac S, Kardum G, Sodic L, et al. Longitudinal assessment of preoperative dexamethasone administration on cognitive function after cardiac

surgery: a 4-year follow-up of a randomized controlled trial. BMC Anesthesiol. 2021;21(1):129. doi:10.1186/s12871-021-01348-z

. Cortese GP, Burger C. Neuroinflammatory challenges compromise neuronal function in the aging brain: postoperative cognitive delirium and

Alzheimer’s disease. Behav Brain Res. 2017;322(Pt B):269-279. doi:10.1016/j.bbr.2016.08.027

. Stamenkovic DM, Rancic NK, Latas MB, et al. Preoperative anxiety and implications on postoperative recovery: what can we do to change our

history. Minerva Anestesiol. 2018;84(11):1307-1317. doi:10.23736/S0375-9393.18.12520-X

. Milisen K, Van Grootven B, Hermans W, et al. Is preoperative anxiety associated with postoperative delirium in older persons undergoing cardiac

surgery? Secondary data analysis of a randomized controlled trial. BMC Geriatr. 2020;20(1):478. doi:10.1186/s12877-020-01872-6

. Yang KL, Detroyer E, Van Grootven B, et al. Association between preoperative anxiety and postoperative delirium in older patients: a systematic

review and meta-analysis. BMC Geriatr. 2023;23(1):198. doi:10.1186/s12877-023-03923-0

. Majumdar JR, Vertosick EA, Cohen B, et al. Preoperative anxiety in patients undergoing outpatient cancer surgery. Asia Pac J Oncol Nurs. 2019;6

(4):440-445. doi:10.4103/apjon.apjon_16_19

. Larach DB, Sahara MJ, As-Sanie S, et al. Patient factors associated with opioid consumption in the month following major surgery. Ann Surg.

2021;273(3):507-515. doi:10.1097/SLA.0000000000003509

. Yilmaz Inal F, Yilmaz Camgoz Y, Daskaya H, et al. The effect of preoperative anxiety and pain sensitivity on preoperative hemodynamics, propofol

consumption, and postoperative recovery and pain in endoscopic ultrasonography. Pain Ther. 2021;10(2):1283-1293. doi:10.1007/s40122-021-00292-7

. Simpson CJ, Kellett JM. The relationship between pre-operative anxiety and post-operative delirium. J Psychosom Res. 1987;31(4):491-497.

doi:10.1016/0022-3999(87)90007-9

Van Grootven B, Detroyer E, Devriendt E, et al. Is preoperative state anxiety a risk factor for postoperative delirium among elderly hip fracture
patients? Geriatr Gerontol Int. 2016;16(8):948-955. doi:10.1111/ggi.12581

Lopez MG, Hughes CG, DeMatteo A, et al. Intraoperative oxidative damage and delirium after cardiac surgery. Anesthesiology. 2020;132
(3):551-561. doi:10.1097/ALN.0000000000003016

Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in meta-analyses. BMJ. 2003;327(7414):557-560. doi:10.1136/bmj.327.7414.557
Ali AB, Khan F. Emergence delirium and its association with preoperative anxiety in paediatric patients undergoing infra umbilical surgery under
combined general and caudal anaesthesia: an observational study from a tertiary care centre in a South Asian country. Turk J Anaesthesiol Reanim.
2022;50(2):129-134. doi:10.5152/TJAR.2021.1104

Ling YT, Guo -Q-Q, Wang S-M, et al. Nomogram for prediction of postoperative delirium after deep brain stimulation of subthalamic nucleus in
Parkinson’s disease under general anesthesia. Parkinsons Dis. 2022;2022(1):6915627. doi:10.1155/2022/6915627

Li W, Shi Q, Bai R, et al. Advances in research on the pathogenesis and signaling pathways associated with postoperative delirium (Review). Mol
Med Rep. 2025;32(2):1-21. doi:10.3892/mmr.2025.13585

Shebl MA, Toraih E, Shebl M, et al. Preoperative anxiety and its impact on surgical outcomes: a systematic review and meta-analysis. J Clin Trans!
Sci. 2025;9(1):e33. doi:10.1017/cts.2025.6

Soma T, Nagata M. Immunosenescence, inflammaging, and lung senescence in asthma in the elderly. Biomolecules. 2022;12(10):1456. doi:10.3390/
biom12101456

Hu L, Qiu M-J, Fan W-J, et al. Characterization of GABAergic marker expression in prefrontal cortex in dexamethasone induced depression/
anxiety model. Front Endocrinol. 2024;15:1433026. doi:10.3389/fendo.2024.1433026

Patane F, Rossi S, Del Sette F, et al. WAKE-up exoskeleton to assist children with cerebral palsy: design and preliminary evaluation in level
walking. IEEE Trans Neural Syst Rehabil Eng. 2017;25(7):906-916. doi:10.1109/TNSRE.2017.2651404

Liu J, Shen Q, Zhang H, et al. The potential protective effect of mesencephalic astrocyte-derived neurotrophic factor on post-operative delirium via
inhibiting inflammation and microglia activation. J Inflamm Res. 2021;14:2781-2791. doi:10.2147/JIR.S316560

Lammers-Lietz F, Akyuz L, Feinkohl I, et al. Interleukin 8 in postoperative delirium - Preliminary findings from two studies. Brain Behav Immun
Health. 2022;20:100419. doi:10.1016/j.bbih.2022.100419

10

https: Journal of Multidisciplinary Healthcare 2026:19


https://doi.org/10.1007/s00268-022-06720-9
https://doi.org/10.1186/s12871-021-01271-3
https://doi.org/10.21037/tp-21-215
https://doi.org/10.1213/01.ANE.0000136471.36680.97
https://doi.org/10.1213/00000539-199710000-00012
https://doi.org/10.1186/1477-7525-1-29
https://doi.org/10.1093/occmed/kqv054
https://doi.org/10.3389/fpsyg.2023.1161333
https://doi.org/10.2147/CIA.S300639
https://doi.org/10.1007/s00268-018-4761-0
https://doi.org/10.1186/s12871-021-01348-z
https://doi.org/10.1016/j.bbr.2016.08.027
https://doi.org/10.23736/S0375-9393.18.12520-X
https://doi.org/10.1186/s12877-020-01872-6
https://doi.org/10.1186/s12877-023-03923-0
https://doi.org/10.4103/apjon.apjon_16_19
https://doi.org/10.1097/SLA.0000000000003509
https://doi.org/10.1007/s40122-021-00292-7
https://doi.org/10.1016/0022-3999(87)90007-9
https://doi.org/10.1111/ggi.12581
https://doi.org/10.1097/ALN.0000000000003016
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.5152/TJAR.2021.1104
https://doi.org/10.1155/2022/6915627
https://doi.org/10.3892/mmr.2025.13585
https://doi.org/10.1017/cts.2025.6
https://doi.org/10.3390/biom12101456
https://doi.org/10.3390/biom12101456
https://doi.org/10.3389/fendo.2024.1433026
https://doi.org/10.1109/TNSRE.2017.2651404
https://doi.org/10.2147/JIR.S316560
https://doi.org/10.1016/j.bbih.2022.100419

Wang et al

32

33.

34.

35.

36.

37.

38.

39.

40.

4

—_

42.

43.

44,

45.

46.

47.

48.

49.
50.

51

52.
53.
54.
55.
56.
57.

58.

59.

. Kazmierski J, Miler P, Pawlak A, et al. Elevated monocyte chemoattractant protein-1 as the independent risk factor of delirium after cardiac

surgery. a prospective cohort study. J Clin Med. 2021;10(8):1587. do0i:10.3390/jcm10081587

Lim M, Xia Y, Bettegowda C, et al. Current state of immunotherapy for glioblastoma. Nat Rev Clin Oncol. 2018;15(7):422—442. doi:10.1038/
s41571-018-0003-5

Kamran H, Hornacek D, Mix D, et al. A survey of commonly misunderstood vascular medicine physical exam findings among medical trainees.
Vasc Med. 2020;25(4):351-353. doi:10.1177/1358863X20924100

Wu X, Ding Z, Fan T, et al. Childhood social isolation causes anxiety-like behaviors via the damage of blood-brain barrier in amygdala in female
mice. Front Cell Dev Biol. 2022;10:943067. doi:10.3389/fcell.2022.943067

Montagne A, Barnes S, Sweeney M, et al. Blood-brain barrier breakdown in the aging human hippocampus. Neuron. 2015;85(2):296-302.
doi:10.1016/j.neuron.2014.12.032

Yang MMH, Hartley RL, Leung AA, et al. Preoperative predictors of poor acute postoperative pain control: a systematic review and meta-analysis.
BMJ Open. 2019;9(4):¢025091. doi:10.1136/bmjopen-2018-025091

Secher JO, Liu Y, Petkov S, et al. Evaluation of porcine stem cell competence for somatic cell nuclear transfer and production of cloned animals.
Anim Reprod Sci. 2017;178:40-49. doi:10.1016/j.anireprosci.2017.01.007

Koyama T, Kawano T, Iwata H, et al. Acute postoperative pain exacerbates neuroinflammation and related delirium-like cognitive dysfunction in
rats. J Anesth. 2019;33(3):482-486. doi:10.1007/s00540-019-02635-3

Zhang J, Gao J, Guo G, et al. Anesthesia and surgery induce delirium-like behavior in susceptible mice: the role of oxidative stress. Am J Transl
Res. 2018;10(8):2435-2444.

. Cerejeira J, Firmino H, Vaz-Serra A, et al. The neuroinflammatory hypothesis of delirium. Acta Neuropathol. 2010;119(6):737-754. doi:10.1007/

s00401-010-0674-1

Fedoce ADG, Ferreira F, Bota RG, et al. The role of oxidative stress in anxiety disorder: cause or consequence? Free Radic Res. 2018;52
(7):737-750. doi:10.1080/10715762.2018.1475733

Cai YH, Wang C-Y, Fang Y-B, et al. Preoperative anxiolytic and sedative effects of intranasal remimazolam and dexmedetomidine: a randomized
controlled clinical study in children undergoing general surgeries. Drug Des Devel Ther. 2024;18:1613—1625. doi:10.2147/DDDT.S461122

Qiao H, Xie Z, Jia J. Pediatric premedication: a double-blind randomized trial of dexmedetomidine or ketamine alone versus a combination of
dexmedetomidine and ketamine. BMC Anesthesiol. 2017;17(1):158. doi:10.1186/s12871-017-0454-8

De Prez V, Jolidon V, Willems B, et al. Cervical cancer (over)screening in Belgium and Switzerland: trends and social inequalities. Eur J Public
Health. 2020;30(3):410-415. doi:10.1093/eurpub/ckaa041

Schaffner I, Hofbauer S, Krutzler M, et al. Dimeric chlorite dismutase from the nitrogen-fixing cyanobacterium Cyanothece sp. PCC7425. Mol
Microbiol. 2015;96(5):1053-1068. doi:10.1111/mmi.12989

Ma J, Chen Q, Li J, et al. Dexmedetomidine-mediated prevention of renal ischemia-reperfusion injury depends in part on cholinergic
anti-inflammatory mechanisms. Anesth Analg. 2020;130(4):1054—1062. doi:10.1213/ANE.0000000000003820

Pan H, Liu C, Ma X, et al. Perioperative dexmedetomidine reduces delirium in elderly patients after non-cardiac surgery: a systematic review and
meta-analysis of randomized-controlled trials. Can J Anaesth. 2019;66(12):1489-1500. doi:10.1007/s12630-019-01440-6

Li T, Li X, Chen G. Perioperative dexmedetomidine reduces postoperative delirium: an updated meta-analysis. Front Med. 2022;9:883321.

Gao Y, Chen T, Xu S. Dexmedetomidine for preventing postoperative delirium after major surgery: multicenter RCT. Ann Surg. 2022;275(1):e74—e81.

. Chen C, Cheng X, Lin L, et al. Preanesthetic nebulized ketamine vs preanesthetic oral ketamine for sedation and postoperative pain management in

children for elective surgery: a retrospective analysis for effectiveness and safety. Medicine. 2021;100(6):¢24605. doi:10.1097/MD.0000000000024605
Hollinger A, Riist CA, Riegger H, et al. Ketamine vs. haloperidol for prevention of cognitive dysfunction and postoperative delirium: a Phase IV
multicentre randomised placebo-controlled double-blind clinical trial. J Clin Anesth. 2021;68:110099. doi:10.1016/j.jclinane.2020.110099
McNulty W, Sun LS. Ketamine premedication and perioperative neurobehavioral outcomes in children: systematic review. Paediatr Anaesth.
2021;31(10):997-1008.

Tafet GE, Nemeroff CB. Pharmacological treatment of anxiety disorders: the role of the HPA axis. Front Psychiatry. 2020;11:443. doi:10.3389/
fpsyt.2020.00443

Marcantonio ER. Delirium in hospitalized older adults. N Engl J Med. 2017;377(15):1456—1466. doi:10.1056/NEJMcp1605501

Wang NY, Culley DJ. Benzodiazepine administration and risk of postoperative delirium. J Gerontol A. 2022;77(11):2146-2153.

Casarin J, Cromi A, Sgobbi B, et al. Music therapy for preoperative anxiety reduction in women undergoing total laparoscopic hysterectomy:
a randomized controlled trial. J Minim Invasive Gynecol. 2021;28(9):1618-1624.e1. doi:10.1016/j.jmig.2021.02.002

Ugras GA, Yildinm G, Yiiksel S, Oztiirk¢ii Y, Kuzdere M, Oztekin SD. The effect of different types of music on patients’ preoperative anxiety:
a randomized controlled trial. Complement Ther Clin Pract. 2018;31:158-163.

Ryu JH, Park J-W, Nahm FS, et al. The effect of gamification through a virtual reality on preoperative anxiety in pediatric patients undergoing
general anesthesia: a prospective, randomized, and controlled trial. J Clin Med. 2018;7(9):284. do0i:10.3390/jcm7090284

Journal of Multidisciplinary Healthcare Dovepress
Taylor & Francis Group

Publish your work in this journal

The Journal of Multidisciplinary Healthcare is an international, peer-reviewed open-access journal that aims to represent and publish research in
healthcare areas delivered by practitioners of different disciplines. This includes studies and reviews conducted by multidisciplinary teams as well
as research which evaluates the results or conduct of such teams or healthcare processes in general. The journal covers a very wide range of areas
and welcomes submissions from practitioners at all levels, from all over the world. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-multidisciplinary-healthcare-journal

Journal of Multidisciplinary Healthcare 2026:19 n X in ﬂ 1


https://doi.org/10.3390/jcm10081587
https://doi.org/10.1038/s41571-018-0003-5
https://doi.org/10.1038/s41571-018-0003-5
https://doi.org/10.1177/1358863X20924100
https://doi.org/10.3389/fcell.2022.943067
https://doi.org/10.1016/j.neuron.2014.12.032
https://doi.org/10.1136/bmjopen-2018-025091
https://doi.org/10.1016/j.anireprosci.2017.01.007
https://doi.org/10.1007/s00540-019-02635-3
https://doi.org/10.1007/s00401-010-0674-1
https://doi.org/10.1007/s00401-010-0674-1
https://doi.org/10.1080/10715762.2018.1475733
https://doi.org/10.2147/DDDT.S461122
https://doi.org/10.1186/s12871-017-0454-8
https://doi.org/10.1093/eurpub/ckaa041
https://doi.org/10.1111/mmi.12989
https://doi.org/10.1213/ANE.0000000000003820
https://doi.org/10.1007/s12630-019-01440-6
https://doi.org/10.1097/MD.0000000000024605
https://doi.org/10.1016/j.jclinane.2020.110099
https://doi.org/10.3389/fpsyt.2020.00443
https://doi.org/10.3389/fpsyt.2020.00443
https://doi.org/10.1056/NEJMcp1605501
https://doi.org/10.1016/j.jmig.2021.02.002
https://doi.org/10.3390/jcm7090284
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Prediction of POD by Preoperative Anxiety
	Mechanisms Underlying Preoperative Anxiety-Induced POD
	Systemic Inflammatory Response and Neuroinflammation
	Blood-Brain Barrier Impairment
	Postoperative Pain
	Oxidative Stress

	Interventions for Preoperative Anxiety
	Pharmacological Interventions
	Non-Pharmacological Interventions
	Integration and Clinical Application

	Conclusion
	Data Sharing Statement
	Author Contributions
	Funding
	Disclosure

