

[image: image1]
Cardiovascular health score and its association with postoperative delirium: evidence from the Kailuan study












	
	ORIGINAL RESEARCH
published: 09 July 2025
doi: 10.3389/fmed.2025.1577424






[image: image2]

Cardiovascular health score and its association with postoperative delirium: evidence from the Kailuan study

Zhen-Hua Wang1†, Yu Jiang2†, Tao Fang2†, Jin-Qiu Li1, Tai Wang1, Chun-Yang Zhou1, Rong Wang2, Wen-Tao Cai1* and Hai Liu1*


1Department of Anesthesiology, Kailuan General Hospital, Tangshan, China

2Operating Room, Kailuan General Hospital, Tangshan, China

Edited by
Hong Liu, UC Davis Health, United States

Reviewed by
Wei Tang, Westchester Medical Center, United States
 Engin Ihsan Turan, İstanbul Kanuni Sultan Süleyman Eğitim ve Araştırma Hastanesi, Türkiye
 Hirokazu Sugiura, Department of Rehabilitation, Japan

*Correspondence
 Hai Liu, lh8487@126.com
 Wen-Tao Cai, caiwentao0924@126.com

†These authors have contributed equally to this work and share first authorship

Received 18 February 2025
 Accepted 20 June 2025
 Published 09 July 2025

Citation
 Wang Z-H, Jiang Y, Fang T, Li J-Q, Wang T, Zhou C-Y, Wang R, Cai W-T and Liu H (2025) Cardiovascular health score and its association with postoperative delirium: evidence from the Kailuan study. Front. Med. 12:1577424. doi: 10.3389/fmed.2025.1577424



Background: Identifying modifiable risk factors for postoperative delirium (POD) is essential for prevention and management. The Ideal Cardiovascular Health Score (CHS), a composite measure of cardiovascular health, has been shown to reduce the risk of various chronic diseases. However, its association with POD has not been extensively explored. This study aims to examine the relationship between CHS and the risk of POD in a cohort of surgical patients.

Methods: Data from the Kailuan Study, a large longitudinal cohort, were used for this analysis. A total of 1,082 participants aged 18–98 years, who underwent non-cardiac surgery under general anesthesia from 2016 to 2021, were included. The CHS was calculated based on seven cardiovascular health metrics: smoking status, body mass index (BMI), physical activity, diet, blood pressure, fasting blood glucose (FBG), and total cholesterol (TC). POD was diagnosed using the Confusion Assessment Method (CAM). Multivariable logistic regression was employed to assess the association between CHS scores and POD, adjusting for potential confounders.

Results: Among the 1,082 participants, 120 developed POD. Higher CHS scores were inversely associated with the risk of POD. Participants with a CHS ≥ 10 had 55% lower odds of developing POD compared to those with a CHS ≤ 7 (OR = 0.45; 95% CI: 0.23–0.89). This protective effect was observed across various subgroups, including age, sex, and alcohol consumption status. Specific CHS components, such as normal blood pressure (OR = 0.49; 95% CI: 0.31–0.78) and FBG < 5.6 mmol/L (OR = 0.65; 95% CI: 0.47–0.94), were independently associated with reduced POD risk.

Conclusion: A higher CHS score is associated with a lower risk of POD, highlighting the potential protective role of cardiovascular health in preventing postoperative complications.
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Introduction

Postoperative delirium (POD) is a common and serious complication following surgery, particularly in elderly patients and those undergoing major procedures. It is characterized by acute disturbances in attention, awareness, and cognition, which can significantly impact postoperative recovery, increasing the length of hospital stays, the risk of functional decline, and the likelihood of mortality (1). The incidence of POD varies widely, with studies indicating that it affects ~10%−30% of surgical patients, and is notably higher in older adults and those undergoing high-risk surgeries, such as cardiac, orthopedic, and neurosurgical procedures (2, 3). Despite its high prevalence and profound implications, POD remains underrecognized and undertreated. A variety of risk factors contribute to its development, including advanced age, preexisting cognitive impairment, comorbid conditions, the type of surgery performed, and perioperative medications (4–6). Identifying these risk factors is critical for early intervention and prevention strategies.

Ideal cardiovascular health score (CHS) is defined by a set of behaviors and health factors that promote optimal cardiovascular function and reduce the risk of cardiovascular disease (7, 8). These include four health behaviors: a healthy diet, regular physical activity, non-smoking status, and optimal weight management; along with three health factors: normal blood pressure, normal cholesterol levels, and normal blood glucose. Research has shown that ideal CHS is not only associated with better cardiovascular outcomes but also with a reduced risk of other chronic conditions, such as diabetes (9), obesity (10), and hypertension (11). Emerging evidence suggests that each component of CHS may independently reduce the incidence of postoperative delirium. For instance, maintaining normal blood pressure (12) and glucose levels (13), as well as adhering to a healthy diet (14), has all been associated with improved cognitive function and a lower risk of delirium after surgery. However, while the individual effects of these CHS metrics on POD have been well documented, the relationship between the overall ideal CHS profile and postoperative delirium remains underexplored.

The aim of this study is to investigate whether a comprehensive approach to cardiovascular health, incorporating all components of CHS, can reduce the incidence of postoperative delirium. Using data from the Kailuan Study, this research will explore the potential protective role of an ideal CHS profile in preventing delirium following surgery.



Methods


The Kailuan study and study population

The Kailuan Study is a longitudinal cohort study conducted in the Kailuan community, located in Tangshan, Hebei Province, ~150 km southeast of Beijing. Tangshan is known for its coal mining industry. Between June 2006 and October 2007, the study enrolled 101,510 participants, including 81,110 men and 20,400 women, ranging in age from 18 to 98 years. Participants underwent follow-up medical evaluations every 2 years, with more than 95% of the cohort being of Han Chinese descent (15, 16).

This study is derived from the Kailuan Cohort Study as a subset and adopts a prospective cohort design. From 2016 to 2021, a total of 1,383 participants from the Kailuan Study underwent general anesthesia for non-cardiac surgeries. After excluding 301 participants due to missing CHS data, 1,082 participants remained in the final analysis (Figure 1). As this study is part of the Kailuan Cohort Study, individuals with a history of psychiatric disorders or cognitive impairments that precluded them from completing questionnaire assessments were excluded at the time of cohort enrollment. Therefore, all participants included in this analysis were cognitively capable and free from known psychiatric conditions at baseline, ensuring the reliability of self-reported data and reducing potential confounding effects related to mental health status. Ethical approval for this study was obtained from the Ethics Committee of Kailuan General Hospital (Approval No. 2023012; dated March 23, 2023). Written informed consent was obtained from all participants prior to their inclusion in the study.


[image: Flowchart depicting the categorization of 1,383 patients who underwent general anesthesia non-cardiac surgery from 2016 to 2021. Of these, 1,082 had data for CHS, leading to three groups: CHS score less than or equal to 7 (n = 292), CHS score 8–9 (n = 433), and CHS score 10 or greater (n = 357). Patients without CHS data are separately noted.]
FIGURE 1
 The flowchart of the study population.




Collection of clinical data and relevant definitions

For detailed information on the epidemiological indicators, anthropometric measurements, and biochemical tests used in this study, refer to previously published work by our research team (17, 18). General clinical data for the selected participants were gathered via questionnaire surveys, covering factors such as smoking status, physical activity, salt intake, and histories of diabetes, hypertension, dyslipidemia, heart failure, and medication use. Smoking was defined as consuming at least one cigarette daily on average for the past year, while alcohol consumption was defined as drinking at least 100 mL of hard liquor (≥50% alcohol content) daily for at least 1 year. Participants who had quit smoking or drinking for less than 1 year were still categorized as smokers or drinkers. Regular physical exercise was defined as engaging in physical activity at least three times per week for at least 30 min per session, while occasional exercise was defined as 1–2 times per week, with each session lasting at least 30 min. Anthropometric and biochemical data were extracted from participants' medical examination records. The body mass index (BMI) was calculated as BMI = weight/height2 (kg/m2).

Blood pressure measurements were taken from the right brachial artery using a calibrated mercury sphygmomanometer. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were recorded based on the first and fifth Korotkoff sounds, respectively. Three consecutive readings were taken, with a 1–2 min interval between each, and the average value was calculated.

For biochemical testing, fasting blood samples (5 mL) were collected from the median cubital vein after at least 8 h of fasting on the day of the medical examination. A Hitachi 7,600 biochemical analyzer was used to perform standardized tests, including measurements of fasting blood glucose (FBG), total cholesterol (TC), triglycerides (TG), C-reactive protein (CRP), and other relevant indicators.

Intraoperative data, including fluid and blood transfusion volumes, urinary output, blood loss, anesthesia duration, intraoperative blood pressure, surgical complexity, and ASA Physical Status Classification System scores, were obtained from anesthesia records.

In China, surgical procedures—also referred to as operation levels—are officially classified into four levels (Level I to Level IV) according to the “Classification Standards for Surgical Operations” issued by the National Health Commission of the People's Republic of China. This classification is based on factors such as the complexity of the procedure, the potential risk to the patient, the level of surgical skill required, and the need for specialized equipment.

1) Level I: Minor procedures with low risk and technical simplicity, such as superficial skin tumor excision or incision and drainage of abscesses.

2) Level II: Low-to-moderate complexity operations, such as hernia repair or appendectomy.

3) Level III: Moderately complex and higher-risk procedures, including subtotal gastrectomy or partial hepatectomy.

4) Level IV: The most complex and high-risk surgeries, such as liver transplantation, pancreaticoduodenectomy, or open-heart surgery.

This grading system is widely applied in Chinese hospitals to guide clinical management, risk stratification, resource allocation, and surgical performance evaluation.



Evaluation of health behavior factors

Seven health behavior factors were assessed, with each classified as ideal, moderate, or poor based on specific criteria. The evaluation criteria for each factor were as follows (19):

1) Smoking: No smoking was classified as ideal, past smoking or quitting was moderate, and current smoking was considered poor.

2) BMI: A BMI of <25 kg/m2 was considered ideal, 25–29.9 kg/m2 was moderate, and ≥30 kg/m2 was poor.

3) Physical exercise: Regular exercise (at least three times per week for 30 min) was ideal, occasional exercise (1–2 times per week) was moderate, and no exercise was poor.

4) Healthy diet: Low salt intake (<6 g/day) was considered ideal, moderate salt intake (6–10 g/day) was moderate, and high salt intake (>10 g/day) was poor.

The following health factors were also evaluated:

5) TC: Without medication, <5.18 mmol/L was ideal, 5.18–6.21 mmol/L or <5.18 mmol/L with lipid-lowering medication was moderate, and ≥6.22 mmol/L or ≥5.18 mmol/L with lipid-lowering medication was poor.

6) Blood pressure: Without medication, <120/80 mmHg was ideal, 120–139 and/or 80–89 mmHg or <120/80 mmHg with antihypertensive medication was moderate, and ≥140/90 mmHg or ≥120/80 mmHg with antihypertensive medication was poor.

7) FBG: Without medication, <5.6 mmol/L was ideal, 5.6–6.9 mmol/L or <5.6 mmol/L with antidiabetic medication was moderate, and ≥7.0 mmol/L or ≥5.6 mmol/L with antidiabetic medication was poor.



CHS calculation and categorization

Each of the seven cardiovascular health behavior factors was assigned a score: two points for an ideal status, one point for a moderate status, and zero points for a poor status. The total score, representing the overall CHS, was calculated by summing the points from all seven factors. Based on the CHS, the population was categorized into three groups: the CHS ≤ 7 group, the 8 ≤ CHS ≤ 9 group, and the CHS ≥ 10 group based on the previous study (20).



Diagnosis of POD

POD is typically diagnosed based on clinical assessment by trained anesthesiologist, with key diagnostic criteria established by the Confusion Assessment Method (CAM). The Confusion Assessment Method (CAM) is a widely used tool for diagnosing delirium, including POD (21). The CAM assesses four core features: (1) acute onset and fluctuating course, (2) inattention, (3) disorganized thinking, and (4) altered level of consciousness. A diagnosis of delirium is made if both criteria 1 and 2 are present, along with either criteria 3 or 4.



Statistical analysis

Health examination data were entered by trained staff and uploaded to the computer center at Kailuan General Hospital via a network, using an Oracle 10.2 database. Statistical analysis was performed with SAS software (version 9.4, SAS Institute, Cary, NC, USA). Normally distributed continuous data are expressed as mean ± standard deviation, and group comparisons were made using one-way analysis of variance (ANOVA). For skewed data, results are presented as median (interquartile range), and comparisons were conducted with the Kruskal-Wallis test. Categorical variables are reported as frequencies (percentages), and differences were assessed using the chi-square test. To examine the relationship between continuous CHS and the odds of POD, restricted cubic spline curves were used to model the dose-response association with odds ratios (ORs). Multivariable logistic regression was applied to evaluate the impact of CHS categories on the ORs (95% CI) for POD, and the ORs for each individual CHS factor were analyzed. Subgroup analyses were conducted by age (median split, <75 vs. ≥75 years), sex, and alcohol consumption status. Sensitivity analysis was performed by excluding participants who had undergone brain surgery, followed by logistic regression, to reduce potential bias. A p-value of < 0.05 (two-sided) was considered statistically significant.




Results


General clinical characteristics

Our study ultimately included 1,082 participants, with 292, 433, and 357 individuals in the CHS score ≤ 7, 8 ≤ CHS score ≤ 9, and CHS score ≥ 10 groups, respectively. Significant differences were observed in age, FBG, BMI, SBP, DBP, TC, CRP, hemoglobin (Hb), and bleeding volume among the three groups (all p < 0.05, Table 1). The distribution of men, hypertension, diabetes, chronic heart disease (CHD), stroke, physical activity, salt intake, smoking status, and ICU admission rate also varied significantly between the groups (all p < 0.05, Table 1). However, no significant differences were found across the groups in terms of fluid transfusion volume, blood transfusion volume, urinary volume, anesthesia duration, intraoperative hypotension, alcohol consumption status, operation levels, or ASA Physical Status Classification System scores (all p > 0.05, Table 1). Additionally, the participants were further categorized based on the presence of POD, and the general clinical data for both groups were analyzed (Supplementary Table 1).

TABLE 1  Baseline characteristics of the study population stratified by CHS scores.


	Variables
	CHS scores
	p-value



	
	≤7
	8–9
	≥10
	





	n
	292
	433
	357
	



	Age (year)
	70.09 ± 4.51
	71.64 ± 5.20
	71.99 ± 5.74
	<0.001



	Male gender (%)
	275 (994.18)
	360 (83.14)
	289 (80.95)
	<0.001



	BMI (Kg/m2)
	27.05 ± 3.20
	25.37 ± 3.21
	23.79 ± 2.78
	<0.001



	SBP (mmHg)
	144.90 ± 19.74
	138.74 ± 19.09
	124.12 ± 15.83
	<0.001



	DBP (mmHg)
	90.89 ± 10.70
	86.67 ± 10.07
	78.44 ± 9.09
	<0.001



	TC (mmol/L)
	5.54 ± 1.33
	5.01 ± 1.09
	4.59 ± 1.04
	<0.001



	FBG (mmol/L)
	6.22 ± 1.85
	5.35 ± 1.27
	4.95 ± 0.81
	<0.001



	CRP (mg/L)
	3.00 (2.40–13.65)
	3.00 (1.8–11.20)
	3.00 (1.70–11.80)
	0.012



	Hb (g/L)
	139.11 ± 17.81
	139.33 ± 17.05
	134.92 ± 17.51
	<0.001



	Fluid transfusion volume (per 100mL)
	11.30 (10.00–15.00)
	10.00 (10.00–15.00)
	10.00 (10.00–15.00)
	0.444



	Blood transfusion volume (mL)
	0.00 (0.00–0.00)
	0.00 (0.00–0.00)
	0.00 (0.00–0.00)
	0.597



	Urinary volume (mL)
	150 (0.00–200.00)
	150 (100.00–200.00)
	150 (0.00–200.00)
	0.386



	Bleeding volume (mL)
	20.00 (10.00–50.00)
	20.00 (5.00–0.00)
	10.00 (5.00–50.00)
	0.033



	Anesthesia time (h)
	2.11 (1.50–3.20)
	2.20 (1.50–3.20)
	2.06 (1.50–3.00)
	0.265



	Hypertension (%)
	153 (52.40)
	204 (47.11)
	106 (29.69)
	<0.001



	Diabetes (%)
	90 (30.93)
	73 (16.86)
	23 (6.46)
	<0.001



	CHD (%)
	61 (20.89)
	61 (14.09)
	44 (12.32)
	0.007



	Stroke (%)
	65 (22.26)
	86 (19.86)
	40 (11.20)
	<0.001



	Intraoperative hypotension (%)
	153 (52.40)
	221 (51.04)
	181 (50.70)
	0.903



	ICU admission rate (%)
	61 (20.89)
	56 (12.93)
	32 (8.96)
	<0.001



	Physical activity (%)
	
	
	
	<0.001



	Never
	47 (16.10)
	30 (6.93)
	5 (1.40)
	



	Occasionally
	190 (65.07)
	297 (68.59)
	225 (63.03)
	



	Frequently
	55 (18.84)
	106 (24.48)
	127 (35.57)
	



	Perceived salt intake (%)
	
	
	
	<0.001



	Low (< 6 g/d)
	25 (8.56)
	40 (9.24)
	60 (16.81)
	



	Intermediate (6–10 g/d)
	203 (69.52)
	363 (83.83)
	286 (80.11)
	



	High (>10 g/d)
	64 (21.92)
	30 (6.93)
	11 (3.08)
	



	Smoking status (%)
	
	
	
	<0.001



	Never
	84 (28.77)
	264 (60.97)
	282 (78.99)
	



	Past or occasionally
	35 (11.99)
	64 (14.78)
	34 (9.52)
	



	Frequently
	173 (59.25)
	105 (24.25)
	41 (11.48)
	



	Drinking status (%)
	
	
	
	0.241



	Never
	211 (72.26)
	325 (75.06)
	281 (78.71)
	



	Past or occasionally
	7 (2.40)
	12 (2.77)
	4 (1.12)
	



	Frequently
	74 (25.34)
	96 (22.17)
	72 (20.17)
	



	Operation levels (%)
	
	
	
	0.422



	I (II)
	3 (1.03)
	4 (0.92)
	7 (1.96)
	



	III
	93 (31.85)
	112 (25.87)
	107 (29.97)
	



	IV
	52 (17.81)
	76 (17.75)
	64 (17.93)
	



	Unknown
	144 (49.32)
	241 (55.66)
	179 (50.14)
	



	ASA (%)
	
	
	
	0.710



	I
	2 (0.68)
	5 (1.15)
	2 (0.56)
	



	II
	200 (68.49)
	295 (68.13)
	258 (72.27)
	



	III
	82 (28.08)
	126 (29.10)
	91 (25.49)
	



	IV(V)
	8 (2.74)
	7 (1.62)
	6 (1.68)
	




BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; TC, Total Cholesterol; FBG, Fasting Blood Glucose; CRP, C-Reactive Protein; Hb, Hemoglobin; CHD, Chronic Heart Disease; ASA, American Society of Anesthesiologists; ICU, intensive care unit.





Relationship between CHS levels and POD

Among the 1,082 participants in the Kailuan Study who underwent general anesthesia for non-cardiac surgery (2016–2021), 120 were diagnosed with POD. CHS scores showed an inverse association with POD risks (Figure 2). After adjusting for confounders, participants with CHS ≥10 had 55% lower odds of POD compared to those with CHS ≤ 7 (OR = 0.45; 95% CI: 0.23–0.89, Table 2). Subgroup analysis confirmed this protective effect in individuals under 75 (OR = 0.46; 95% CI: 0.25–0.98), those 75 or older (OR = 0.20; 95% CI: 0.05–0.86), males (OR = 0.45; 95% CI: 0.22–0.92), and non-drinkers (OR = 0.29; 95% CI: 0.13–0.64, Figure 3).


[image: Line graph titled “CHS for POD” depicting the adjusted odds ratio (OR) with a confidence interval (CI). The x-axis represents CHS, ranging from four to twelve. The y-axis shows the adjusted OR (ninety-five percent CI) ranging from negative one to two. The solid line slopes downward with a shaded area above and below, indicating the confidence interval. A horizontal dashed line at OR equals one serves as a reference.]
FIGURE 2
 The dose-response relationship between CHS and POD risk.


TABLE 2  The ORs (95%CI) of CHS groups for POD risk.


	CHS
	AKI cases/n
	Crude models
	Adjusted models



	
	
	ORs (95%CI)
	p-value
	ORs (95%CI)
	p-value





	≤7
	49/292
	Ref.
	
	Ref.
	



	8–9
	46/433
	0.59 (0.38, 0.91)
	<0.001
	0.57 (0.31, 1.07)
	0.080



	≥ 10
	25/357
	0.37 (0.22, 0.62)
	0.016
	0.45 (0.23, 0.89)
	0.022



	P for trend
	
	
	0.001
	
	0.044




Adjustments were made for age, sex, operation levels, history of stroke and CHD, anesthesia time, drinking status, intraoperative hypotension, CRP, HGB, fluid and blood transfusion volume, urinary volume, bleeding volume, ASA, ICU admission rate, and operation levels.




[image: Forest plot showing adjusted odds ratios (OR) with 95% confidence intervals (CI) for various subgroups, including age, gender, and drinking status, based on CHS class. Each group compares CHS class categories with an OR for classes less than or equal to seven as the reference. Values below one suggest a decreased odds compared to the reference.]
FIGURE 3
 Subgroup analysis of the relationship between CHS and POD risk.




CHS components and sensitivity analysis

The association between individual CHS components and POD risk was further examined (Table 3). After adjusting for age, sex, operation level, history of stroke and CHD, anesthesia duration, drinking status, intraoperative hypotension, CRP, Hb, fluid and blood transfusion volume, urinary volume, bleeding volume, ASA, and other CHS components, two key protective factors were identified. Participants with normal blood pressure had a significantly lower risk of POD (OR = 0.49; 95% CI: 0.31–0.78), as did those with FBG < 5.6 mmol/L (OR = 0.65; 95% CI: 0.47–0.94).

TABLE 3  The ORs (95%CI) of each CHS component for POD risk.


	CHS components
	Crude models
	Mutually adjusted models



	
	ORs (95%CI)
	p-value
	ORs (95%CI)
	p-value





	Smoking status



	Frequently
	Ref.
	
	Ref.
	



	Past or occasionally
	0.82 (0.43, 1.57)
	0.548
	0.82 (0.42, 1.58)
	0.549



	Never
	0.82 (0.54, 1.24)
	0.341
	0.74 (0.48, 1.15)
	0.178



	BMI (kg/m2)



	≥30
	Ref.
	
	Ref.
	



	25–29.9
	0.72 (0.38, 1.39)
	0.326
	0.73 (0.37, 1.42)
	0.351



	<25
	0.49 (0.25, 0.95)
	0.033
	0.55 (0.27, 1.09)
	0.087



	Physical exercise



	Never
	Ref.
	
	Ref.
	



	Occasionally
	1.13 (0.55, 2.34)
	0.744
	1.25 (0.59, 2.64)
	0.564



	Frequently
	0.74 (0.33, 1.66)
	0.460
	0.77 (0.34, 1.74)
	0.524



	Salt intake (g/d)



	High (>10)
	Ref.
	
	Ref.
	



	Intermediate (6–10)
	0.91 (0.49, 1.69)
	0.763
	0.96 (0.50,1.83)
	0.893



	Low (<6)
	0.62 (0.26, 1.47)
	0.273
	0.60 (0.25, 1.46)
	0.257



	TC (mmol/L)



	≥6.22
	Ref.
	
	Ref.
	



	5.18–6.21
	0.60 (0.33, 1.09)
	0.095
	0.69 (0.37, 1.28)
	0.242



	<5.18
	0.61(0.35, 1.05)
	0.073
	0.76 (0.43, 1.33)
	0.331



	Blood pressure (mmHg)



	≥140/90
	Ref.
	
	Ref.
	



	120–139/80–89
	0.66 (0.36, 1.20)
	0.174
	0.77 (0.41, 1.44)
	0.410



	<120/80
	0.46 (0.30, 0.72)
	<0.001
	0.49 (0.31, 0.78)
	0.003



	FBG (mmol/L)



	≥7
	Ref.
	
	Ref.
	



	5.6–6.9
	0.73 (0.38, 1.40)
	0.342
	0.76 (0.39, 1.49)
	0.426



	<5.6
	0.56 (0.31, 0.98)
	0.044
	0.65 (0.47, 0.94)
	0.012




Adjustments were made for age, sex, operation levels, history of stroke and CHD, anesthesia time, drinking status, intraoperative hypotension, CRP, HGB, fluid and blood transfusion volume, urinary volume, bleeding volume, ASA, ICU admission rate, operation levels, and all CHS components. Results presented with bold values were statistically significant.



A sensitivity analysis was conducted to address the potential influence of brain surgery on POD risk. Participants who had undergone brain surgery were excluded, and the primary analysis was repeated. The results remained consistent with the main findings, supporting the robustness of the conclusions (Table 4).

TABLE 4  The ORs (95%CI) of CHS groups for POD risk after excluding participants with brain surgery.


	CHS
	POD cases/n
	Crude models
	Adjusted models



	
	
	ORs (95%CI)
	p-value
	ORs (95%CI)
	p-value





	≤7
	28/265
	Ref.
	
	Ref.
	



	8–9
	29/406
	0.63 (0.42, 1.19)
	0.239
	0.55 (0.24, 1.20)
	0.121



	≥10
	13/331
	0.35 (0.18, 0.68)
	0.002
	0.41 (0.20, 0.81)
	0.012



	P for trend
	
	
	0.022
	
	0.023




Adjustments were made for age, sex, operation levels, history of stroke and CHD, anesthesia time, drinking status, intraoperative hypotension, CRP, HGB, fluid and blood transfusion volume, urinary volume, bleeding volume, ASA, ICU admission rate, and operation levels.






Discussion

Identifying modifiable risk factors is essential for the prevention and management of POD. This study revealed a strong association between CHS scores and POD risk, with higher CHS scores linked to a reduced likelihood of POD, particularly among men and non-drinkers. Additionally, specific CHS components, such as normal blood pressure and normal fasting blood glucose, were independently associated with a lower risk of POD. These findings offer both theoretical support and clinical evidence for strategies aimed at reducing POD risk.

The CHS score is a comprehensive measure of cardiovascular health, incorporating several modifiable risk factors, including smoking status, BMI, physical activity, diet, blood pressure, blood glucose, and cholesterol levels. While the relationship between CHS and POD has been less explored, previous studies have demonstrated that higher CHS scores are linked to a reduced risk of various adverse health outcomes. These include lower incidence rates of cardiovascular diseases (such as coronary artery disease, stroke, and heart failure) (22–24), reduced all-cause mortality (25), improved metabolic health (including obesity, type 2 diabetes, and metabolic syndrome) (22, 24), and better cognitive function (26). In 2010, the American Heart Association (AHA) set a goal to improve population cardiovascular health by 20% and reduce mortality from cardiovascular diseases and stroke by 20% by 2020 (27). Achieving these targets requires the implementation of innovative strategies for promoting cardiovascular health and preventing disease, leveraging AHA's research, clinical insights, public health policies, and advocacy initiatives for long-term impact.

Although research on the association between overall CHS and POD is limited, the relationship between individual CHS components and POD has been extensively studied. For instance, blood pressure control has been shown to play a crucial role in reducing POD risk, as both hypertension and intraoperative hypotension have been linked to cerebral hypoperfusion and cognitive impairment (28, 29). Fasting blood glucose is another key factor, as hyperglycemia and glycemic fluctuations during the perioperative period have been associated with a higher risk of POD due to increased oxidative stress and neuroinflammation (30, 31). Physical activity has been reported to improve cognitive reserve, which may protect against cognitive decline, including POD (32). Similarly, BMI is linked to metabolic and vascular health, with obesity being a known risk factor for cognitive dysfunction (33), while smoking is associated with neurovascular injury and oxidative stress, both of which increase POD risk (34). Cholesterol levels also play a role, as dyslipidemia contributes to atherosclerosis and cerebrovascular dysfunction, which are implicated in the pathophysiology of POD (14). Lastly, dietary habits, particularly the consumption of high-sodium or nutrient-deficient diets, have been linked to cognitive impairment and increased POD susceptibility (35). Collectively, these findings underscore the potential for holistic cardiovascular health promotion to reduce the risk of POD.

The association between higher CHS scores and lower POD risk appears to be more evident in non-drinkers than in drinkers, possibly due to the neurotoxic effects of alcohol, metabolic disturbances, and impaired liver function. Chronic alcohol consumption induces structural and functional changes in the brain, including cortical atrophy, white matter damage, and disruptions in neurotransmitter systems such as γ-aminobutyric acid (GABA) and glutamate, thereby reducing cognitive reserve and heightening susceptibility to POD (36–38). Additionally, alcohol use is associated with systemic inflammation, oxidative stress, and metabolic dysregulation, including impaired glucose metabolism and dyslipidemia, which may counteract the protective effects of optimal CHS components, such as normal blood glucose and cholesterol levels (39, 40). Liver dysfunction, a common consequence of chronic alcohol consumption, can impair the clearance of anesthetic agents, leading to prolonged neurotoxic exposure during surgery, further increasing POD risk (41). Moreover, drinkers may exhibit poorer adherence to other healthy lifestyle behaviors, such as regular physical activity, balanced nutrition, and blood pressure control, all of which are integral components of CHS. These factors may collectively weaken the protective influence of CHS on POD in drinkers, highlighting the need for targeted preventive strategies that consider alcohol consumption as a potential modifier of POD risk.

The potential mechanisms underlying the association between CHS and POD are multifactorial, involving pathways related to cerebral perfusion, neuroinflammation, oxidative stress, and metabolic health. Optimal cardiovascular health promotes stable cerebral blood flow, reducing the likelihood of cerebral hypoperfusion, a key contributor to POD (42). Components such as blood pressure regulation are critical, as both hypertension and intraoperative hypotension can impair cerebral autoregulation, leading to ischemic injury and cognitive dysfunction (43). Glycemic control also plays a pivotal role, as hyperglycemia and glycemic variability increase oxidative stress (44), promote neuroinflammation (45), and disrupt the blood-brain barrier, all of which heighten the risk of delirium. Cholesterol homeostasis is essential for maintaining neuronal membrane integrity and synaptic plasticity, while dyslipidemia has been linked to cognitive decline through its association with cerebrovascular disease (46). Lifestyle factors such as physical activity, non-smoking status, and healthy dietary habits support neuroplasticity, reduce systemic inflammation, and enhance overall cognitive reserve, thereby mitigating POD risk (47–49). Collectively, these mechanisms suggest that achieving optimal CHS may provide neuroprotective effects during the perioperative period, reducing brain vulnerability to anesthesia, surgical stress, and systemic inflammatory responses. This highlights the potential for cardiovascular health optimization as a strategy to prevent POD.

This study provides a novel exploration of the relationship between CHS and postoperative delirium (POD), offering insights into potential strategies for perioperative risk assessment and management. Its strengths include a large sample size, comprehensive adjustment for relevant covariates, and the application of multiple statistical approaches. Nonetheless, several limitations should be noted. First, the Kailuan community, composed primarily of industrial workers, may introduce sex imbalance; this was addressed through sex-stratified analyses to minimize potential bias. Second, CHS was measured only once, which may not reflect temporal fluctuations, potentially leading to misclassification. Future studies should consider longitudinal assessments to better capture dynamic changes in health status. Third, data on specific surgical types were unavailable, limiting the evaluation of procedure-specific risks for POD. To account for surgical complexity, we incorporated operation level (surgical grade)—a standardized classification in China reflecting surgical difficulty and risk—as a covariate and stratification factor. Although this serves as a reasonable proxy for invasiveness, future research should collect detailed information on surgical types and indications. Furthermore, postoperative analgesia protocols vary across institutions in China, and specific analgesic data were not available in this study. Since analgesia intensity is generally correlated with surgical complexity, operation level may also partially reflect postoperative pain management. Lastly, data on medications known to influence POD risk—such as anticholinergics, antidepressants, opioids, and benzodiazepines—were not collected. However, as part of the Kailuan cohort, individuals with psychiatric disorders were excluded at baseline, likely reducing psychotropic medication use in the study population. Still, the potential influence of unmeasured drug exposures cannot be entirely ruled out.



Conclusions

The findings of this study indicate a strong association between the CHS and the risk of POD, with higher CHS scores linked to a reduced risk of POD, particularly among men. Promoting and maintaining optimal cardiovascular health, as reflected by the CHS, should be prioritized in public health initiatives. Efforts to enhance cardiovascular health should focus on lifestyle changes, effective risk factor management, and increasing awareness of the key metrics that define the CHS.
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