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Purpose: Although preoperative C-Reactive Protein to Albumin Ratio(CAR) is one of the important indicators for surgical risk 
assessment, the relationship between preoperative CAR and postoperative outcomes in older patients undergoing non-cardiac surgery 
is still unclear. Therefore, the purpose of this study is to explore the relationship between preoperative CAR and adverse postoperative 
outcomes in older patients undergoing non-cardiac surgery.
Patients and Methods: We conducted a secondary analysis of data from the multicenter, prospective, longitudinal study called 
Early-Warning model of Perioperative Adverse Events for Elderly Patients (EPAE). A total of 2511 individuals from seven centers in 
Guangdong province were included in this study. The CAR was the latest blood counts measured within 3 days prior to surgery. The 
primary outcome of interest in this study was Clavien–Dindo grade III (CD3) complications. Secondary outcomes included: overall 
morbidity, reoperation and readmission. This cohort compared baseline characteristics and clinical data between different groups based 
on the quartile of CAR. Multivariate logistic regression and restricted cubic spline analysis (RCS) were used to explore the relationship 
between CAR and adverse postoperative outcomes. Further, the subgroup analyses were also conducted.
Results: Among the 2511 older patients enrolled in the study, 1524 individuals (60.7%) were females and the median age at admission 
was 69.0 years (65.0, 73.0). Multivariate logistic regression analysis and sensitivity analysis both revealed that high CAR is associated 
with a high incidence of CD3 complications, overall morbidity, and reoperation (P < 0.05). Furthermore, the restricted cubic spline 
analysis shows a non-linear relationship between CAR and overall morbidity (cut-off value = 0.034, P for nonlinear < 0.001). No 
significant interaction was found in the subgroup analyses (P for interaction >0.05).
Conclusion: In older patients with non-cardiac surgery, high CAR was significantly associated with adverse postoperative outcomes, 
including CD3 complications, overall morbidity and reoperation.
Keywords: C-reactive protein to albumin ratio, older patients, adverse postoperative outcomes

Introduction
With the rapid progression of global aging and advancements in surgical methods, the number of older patients undergoing 
general anesthesia and surgery has substantially increased, accounting for around one-third of surgical patients aged 65 years 
and over.1 Compared with other age groups, older patients are often characterized by lower nutrition status, functional decline 
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and various chronic diseases,2–4 which leads to a higher risk of adverse postoperative outcomes, including postoperative 
complications, reoperation, and mortality.5–7 Consequently, preoperative risk assessment is crucial for predicting postopera-
tive adverse outcomes in older patients.8,9

The systemic inflammatory response and nutritional status are critical determinants of postoperative recovery. 
Previous studies have indicated that serum albumin (ALB) and C-reactive protein (CRP) reflect patients’ nutritional 
and inflammation status.10–12 However, relying on a single indicator may lack reliability, as it is often influenced by 
confounding factors. The C-Reactive Protein to Albumin Ratio (CAR), developed by Fairclough et al,13 combines CRP 
and ALB to provide a comprehensive assessment of both systemic inflammation and nutritional status. Previous studies 
have demonstrated the prognostic value of CAR in various patient cohorts, including those with cancer, fractures, as well 
as intensive care units (ICU).14–20 However, most research has concentrated on patients across all age categories, with 
limited studies specifically addressing the elderly population, primarily in orthopedic and oncology surgeries. Existing 
research indicates that preoperative CAR may serve as an independent risk factor for postoperative delirium and adverse 
surgical outcomes in elderly patients undergoing hip fracture surgery.21 Additionally, studies have found that elevated 
preoperative CAR in elderly individuals undergoing radical gastrectomy or colorectal cancer resection is associated with 
a higher incidence of postoperative complications and poorer OS and RFS.22,23

Although the precise biological mechanisms by how CAR influences surgical outcomes remain unclear, evidence 
suggests two primary pathways: First, inflammation may suppress immune function and delay recovery by inhibiting 
protein synthesis, promoting protein degradation, and reducing plasma albumin levels. Elevated CRP levels signal 
heightened inflammation, which can compromise multiple organ functions and increase complication risks;24 Second, 
serum albumin levels reflect nutritional status, with low ALB levels indicating poor nutrition, impairing immune 
response and tissue repair, and leading to a higher incidence of complications and adverse outcomes.25,26 In summary, 
inflammation and malnutrition together create a harmful cycle, impacting postoperative recovery.27

Given the unique physiological characteristics of older adults, such as chronic low-grade inflammation and sub-
optimal nutritional status,28,29 the predictive value of CAR in this population requires further validation. Therefore, we 
aimed to explore the association between preoperative CAR and adverse postoperative outcomes in elderly patients 
undergoing non-cardiac surgery, with the intention of providing a novel potential biomarker for preoperative risk 
assessment in the elderly.

Material and Methods
Study Design and Data Source
This research is a secondary analysis of data from the completed Early-Warning model of Perioperative Adverse Events 
for Elderly Patients (EPAE), a prospective, multicenter, longitudinal study conducted in China. The EPAE aimed to build 
risk prediction models and identify risk variables for perioperative adverse events in older patients. The trial was 
registered in the Chinese Clinical Trial Registry (ChiCTR2300071535) and approved by the Ethics Committee of 
Guangdong Provincial Hospital of Chinese Medicine (BE2022-165-01). We followed the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) reporting guidelines. All participants provided written informed 
consent prior to enrollment.

Study Population
The EPAE study enrolled older patients who underwent elective non-cardiac surgery. The selection criteria were as 
follows: 1) age 60 to 85 years; 2) patients were scheduled for elective non-cardiac surgery; 3) American Society of 
Anesthesiologists (ASA) classification is I–III; 4) have good language expression ability, communicate with the 
investigators without obstacles; 5) voluntary participation in the study and signed informed consent. The exclusion 
criteria were as follows: 1) unable to participate in the study due to reasons such as severe neurological or psychiatric 
disease; 2) cancellation of surgery for any reason. 3) unable to cooperate with completing the relevant assessment. 
4) critical missing data: Personal data was missing by more than 50%.30 A total of 2678 elderly patients undergoing 
elective surgeries from seven tertiary hospitals in Guangdong Province of China were enrolled in the EPAE. All patients 
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were followed up during hospitalization, with 190 (7.09%) patients lost to follow-up at 30 days, and 508 (18.97%) 
patients lost to follow-up at 90 days after surgery. In this study, 167 patients who were lost to follow-up at both 30 and 90 
days were excluded.

Finally, 2511 patients were included in this study (Figure 1). Of these, 621 from the Second Affiliated Hospital of 
Guangzhou University of Chinese Medicine, 392 from the Shunde Hospital of Guangzhou University of Chinese 
Medicine, 368 from the Foshan Hospital of Traditional Chinese Medicine, 332 from the Shenzhen Traditional Chinese 
Medicine Hospital, 347 from the Zhongshan Hospital of Guangzhou University of Chinese Medicine, 226 from the 
Huizhou Hospital of Guangzhou University of Chinese Medicine, 225 from the Dongguan Hospital of Guangzhou 
University of Chinese Medicine.

Sample Size Calculation
The sample size for this research was calculated using the formula n ¼

Z2
α=2�P 1� Pð Þ

β2 ; where the significance level α was set 
at 0.05, corresponding to Zα/2 = 1.96. The estimated probability P was based on previous studies reporting a 5.2% 
incidence of CD3 complications in older patients undergoing elective non-cardiac surgery.31 The margin of error β was 
set at 0.01. Considering a potential 20% attrition rate, the minimum required sample size was calculated to be 2273 cases. 
In this study, a total of 2511 cases were successfully collected, surpassing the necessary sample size.

Measures and Data Collection
Demographic and Surgical Data
Selection of covariates was informed by existing literature and clinical expertise. Demographic variables included 
sex, age, marital status, educational level, pre-retirement occupation, smoking, drinking, family per capita monthly 

Figure 1 Flow diagram of patient inclusion.
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income. Clinical and physical variables included body mass index(BMI), multiple medication (defined as the 
concurrent use of five or more drugs), the Age-Adjusted Charlson Comorbidity Index (aCCI),32 Nutritional Risk 
Screening 2002 (NRS2002),33 Numerical Rating Scale (NRS),34 Athens Insomnia Scale (AIS),35 Activities of Daily 
Living (ADL),36 Morse Fall Scale (MFS),37 depression (measured by Patient Health Questionnaire-9),38 cognitive 
function (measured by Mini-Cog)39 and Social Supporting Rating Scale(SSRS).40 Surgery-related variables 
included ASA grade, surgery type, surgical site, mode of anesthesia, surgery time (min), intraoperative blood 
loss (mL).

Immune Inflammation Indexes
Each center conducted operational training for the nurses responsible for collecting blood samples according to standard 
operating procedures (SOPs). Only nurses who passed the assessment were allowed to collect blood samples. Fasting 
blood samples were required to be collected within three days prior to surgery, with an overnight fasting period of 
8–10 hours. All blood samples were processed within one hour of collection according to established laboratory protocols 
to minimize variability. Relevant data were recorded in electronic medical records within 24 hours postoperatively, 
following a standardized data recording and reporting format. The CAR was calculated for all patients as the ratio of 
C-Reactive Protein (mg/L) to Albumin (g/L).13

Postoperative Outcomes
The primary outcome of interest in this study was CD3 complications, defined according to the Clavien-Dindo 
classification system (CD) as Clavien grade ≥ 3.41 These complications mainly include heart failure, arrhythmia, 
myocardial infarction, cardiac arrest, angina pectoris, respiratory failure, stroke, cerebral hemorrhage, deep vein 
thrombosis, pulmonary embolism, ICU admission and death.

The secondary outcomes included: (1) Overall morbidity, defined as the proportion of patients with one or more 
postoperative complications. (2) Minor complications, defined as Clavien grade < 3. These include postoperative 
infection, hypoalbuminemia, electrolyte disturbance (including hypernatremia, hyponatremia, hypokalemia, hyperkale-
mia), postoperative hemorrhage, and postoperative anemia. (3) Unplanned reoperation, defined as any reoperation 
occurring within 90 days after surgery. (4) Unplanned readmission, defined as any readmission occurring within 90 
days postoperatively.

Date Collection
Before data collection, systematic training was conducted for the research nurses at the seven hospitals. This training 
encompassed interviewing techniques, data collection, extraction, and recording, as well as the requirements and 
operational assessments for blood sample collection, ensuring that all participants possessed consistent skills and 
knowledge. Those who successfully completed the training were designated as the primary data collectors to maintain 
consistency and accuracy in the data. Additionally, leaders at each center received specialized training to ensure they 
could effectively guide and supervise their respective teams.

Trained research nurses collected data through face-to-face interviews in the wards. Demographic characteristics, 
clinical data, and physical variables were gathered within 24 hours of patient admission to ensure timeliness. Surgical 
variables were obtained from electronic medical records within 24 hours postoperatively. Data on complications were 
recorded during the hospitalization period through handovers with charge nurses and from electronic medical records. 
Data on reoperation and readmission within 30 and 90 days post-surgery were obtained by trained researchers via 
telephone contacts.

Once data collection was completed, research nurses uniformly entered the data from the questionnaires into 
a specialized website developed by engineers for recording the EPAE dataset. Furthermore, to enhance data quality, 
we conducted monthly random checks of the questionnaires collected by each center, allowing us to promptly identify 
and summarize any issues encountered during the data collection process, such as incomplete entries, logical errors, or 
deviations from research standards. Through regular audits and timely feedback, we aimed to ensure the smooth 
progression of the data collection process.
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Statistical Analysis
Statistical analysis was performed using R (version 4.2.0) with various R packages, including “rcssci” and “pROC”. To 
handle missing data, multiple imputations were done under the missing-at-random assumption. In this study, all collected 
variables had missing values below this 20% threshold, making them eligible for multiple imputation. Predictive mean 
matching was employed for continuous variables to estimate missing values based on observed data, while multinomial 
regression for categorical variables and logistic regression was used for binary variables (adverse outcomes),42 

Ultimately, five imputed datasets were generated, and we randomly selected one of these datasets for statistical analysis. 
Older patients were divided into four groups based on quartile of the preoperative CAR value. Baseline characteristics, 
laboratory tests, and postoperative outcomes were compared among these four groups. Continuous variables were 
expressed as mean ± standard deviation if normally distributed, with group differences analyzed using one-way 
ANOVA. If the variables were non-normally distributed, they were expressed as median (P25, P75), with differences 
assessed using the Kruskal–Wallis H-test. Categorical variables were expressed as numbers and percentages (%), with 
comparisons made using Fisher’s exact test for small sample sizes or Pearson’s chi-square test for larger samples.

The association between preoperative CAR and adverse postoperative outcomes was analyzed using multivariable 
logistic regression models. The variance inflation factor (VIF) was used to test for multicollinearity, and the Box-Tidwell 
test was performed to check the log-linearity assumption for continuous variables. Variables with P < 0.05 and clinically 
significant variables were included in the multivariable logistic regression analysis. Four models were constructed. Model 
1 did not adjust for any variables. Model 2 was adjust for general characteristics, including sex, age, marriage, BMI, 
education level, pre-retirement occupation, smoking, drinking, family per capita monthly income, and multiple medica-
tion. Model 3 further adjusted for surgery-related indicators base on Model 2, such as ASA grade, surgery type, surgical 
site, operation time, anesthesia and intraoperative blood loss. In Model 4, We further adjusted for physical variables, 
including aCCI, NRS2002, NRS, SSRS, AIS, Mini-Cog, ADL, MFS, PHQ-9 base on Model 3. Additionally, a logistic 
regression analysis was conducted again by converting CAR from a continuous variable to a categorical variable 
(quartiles) for sensitivity analysis. Subsequently, the restricted cubic splines (RCS) analysis was conducted to examine 
the dose-response relationships between CAR and adverse outcomes using four knots (5th, 35th, 65th and 95th 
percentiles). The RCS plots were adjusted for all covariates.

To further explore the association between CAR and CD3 complications among different kinds of older adults, we 
conducted subgroup analyses and interaction tests to account for confounding factors, such as comorbidity, nutritional 
status, and surgical factors, that may influence the relationship between CAR and postoperative adverse outcomes. We 
categorized comorbidity based on the aCCI into three groups: low (0–2), moderate (3–4), and severe (≥5). Nutritional 
status was classified into three groups according to NRS2002 scores: low (0) and high (≥1). For surgical factors, we 
selected surgical type and ASA grade for the subgroup analyses. The statistical significance threshold was set at P < 0.05 
for all tests.

Results
Baseline Characteristics and Outcomes
A total of 2511 older patients were enrolled in this study. Of all the patients, 60.6% were females, and the median (P25, 
P75) age at admission was 69.0 years (65.0, 73.0). The cohort was stratified into four groups based on the quartiles of 
CAR. No significant differences were observed in marital status, multiple medication, surgery time or intraoperative 
blood loss between the four groups. However, sex, age, BMI, education level, pre-retirement occupation, drinking, 
smoking, family per capita monthly income, cognitive function, depression, aCCI, NRS2002, NRS, AIS, ADL, MFS, 
SSRS, ASA grade, surgery type, surgical site and mode of anesthesia distribution differed significantly (P < 0.05). 
Demographic, clinical and surgical characteristics are shown in Tables 1 and 2.

Table 3 presents the postoperative outcomes of four groups. Among all the outcomes, significant differences were 
observed between the four groups in overall morbidity, minor complications, CD3 complications, reoperation and 
readmission (P < 0.05).
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The Multivariate Logistic Regression of Preoperative CAR Level and Adverse 
Postoperative Outcomes
The Box-Tidwell test indicated that all the continuous covariates have a linear relationship with the dependent variable 
(P > 0.0017) (Table S1). Subsequently, we ran a multicollinearity analysis, which showed no collinearity among the 
covariates variance inflation factors (VIF < 5) (Table S2).

The univariate logistic regression analysis showed that CAR is an independent risk factor for postoperative CD3 
complications, reoperation, and readmission in elderly patients undergoing elective non-cardiac surgery. After adjusting 
for all covariates, the results of the multivariate logistic regression analysis indicated that a higher CAR level was 

Table 1 The Demographic and Clinical Characteristics of Included Patients

Variables Total (n = 2511) Q1 (n = 628) Q2 (n = 627) Q3 (n = 628) Q4 (n = 628) p

Sex, n(%) < 0.001

Male 987 (39.3) 240 (38.2) 201 (32.1) 246 (39.2) 300 (47.8)

Female 1524 (60.7) 388 (61.8) 426 (67.9) 382 (60.8) 328 (52.2)

Age (years) 69.0 (65.0, 73.0) 68.0 (64.0, 73.0) 68.0 (64.0, 73.0) 69.0 (65.0, 74.0) 69.0 (65.0, 74.0) 0.003

Marital status, n(%) 0.32

Marriage 2251 (89.6) 569 (90.6) 570 (90.9) 554 (88.2) 558 (88.9)

Divorced or widowed 260 (10.4) 59 (9.4) 57 (9.1) 74 (11.8) 70 (11.1)

BMI (kg/m²) 23.5 (21.4, 26.0) 23.6 (21.5, 25.9) 24.0 (22.0, 26.6) 23.4 (21.4, 26.3) 22.8 (20.6, 25.3) < 0.001

Education level, n(%) 0.015

Below Primary 1398 (55.7) 339 (54) 391 (62.4) 335 (53.3) 333 (53)

Middle 626 (24.9) 165 (26.3) 136 (21.7) 160 (25.5) 165 (26.3)

Above high school 487 (19.4) 124 (19.7) 100 (15.9) 133 (21.2) 130 (20.7)

Pre-retirement occupation, n(%) 0.006

Physical strength 1564 (62.3) 368 (58.6) 433 (69.1) 374 (59.6) 389 (61.9)

Both mental and physical strength 555 (22.1) 153 (24.4) 117 (18.7) 147 (23.4) 138 (22)

Mental strength 392 (15.6) 107 (17) 77 (12.3) 107 (17) 101 (16.1)

Smoking, n(%) < 0.001

No 1984 (79.0) 519 (82.6) 510 (81.3) 498 (79.3) 457 (72.8)

Quit smoking 183 (7.3) 32 (5.1) 42 (6.7) 46 (7.3) 63 (10)

Yes 344 (13.7) 77 (12.3) 75 (12) 84 (13.4) 108 (17.2)

Drinking, n(%) 0.009

No 2100 (83.6) 524 (83.4) 533 (85) 538 (85.7) 505 (80.4)

Quit drinking 148 (5.9) 27 (4.3) 35 (5.6) 43 (6.8) 43 (6.8)

Yes 263 (10.5) 77 (12.3) 59 (9.4) 47 (7.5) 80 (12.7)

Family per capita monthly income, n(%) < 0.001

Below 5000 1450 (57.7) 304 (48.4) 382 (60.9) 429 (68.3) 335 (53.3)

Above 5000 1061 (42.3) 324 (51.6) 245 (39.1) 199 (31.7) 293 (46.7)

Multiple medication, n(%) 0.085

No 2118 (84.3) 512 (81.5) 536 (85.5) 543 (86.5) 527 (83.9)

Yes 393 (15.7) 116 (18.5) 91 (14.5) 85 (13.5) 101 (16.1)

aCCI 3.3 ± 1.4 3.2 ± 1.4 3.0 ± 1.2 3.3 ± 1.4 3.6 ± 1.6 < 0.001

NRS2002 0.0 (0.0, 1.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 1.0 (0.0, 1.0) 0.0 (0.0, 1.0) < 0.001

NRS 2.0 (0.0, 4.0) 2.0 (0.0, 4.0) 2.0 (0.5, 3.0) 2.0 (0.0, 3.0) 2.0 (0.0, 4.0) < 0.001

AIS 2.0 (0.0, 6.0) 1.0 (0.0, 6.0) 2.0 (0.0, 6.0) 2.0 (0.0, 6.0) 1.5 (0.0, 6.0) 0.008

Cognitive function 4.0 (2.0, 5.0) 5.0 (3.0, 5.0) 5.0 (2.0, 5.0) 4.0 (2.0, 5.0) 4.0 (2.0, 5.0) < 0.001

ADL 95.0 (80.0, 100.0) 100.0 (88.8, 100.0) 95.0 (80.0, 100.0) 95.0 (80.0, 100.0) 95.0 (65.0, 100.0) < 0.001

MFS 25.0 (15.0, 40.0) 20.0 (15.0, 35.0) 25.0 (15.0, 40.0) 25.0 (15.0, 40.0) 35.0 (15.0, 45.0) < 0.001

Depression 1.0 (0.0, 2.0) 0.0 (0.0, 2.0) 0.0 (0.0, 2.0) 1.0 (0.0, 3.0) 1.0 (0.0, 3.0) < 0.001

SSRS 38.0 ± 6.5 38.8 ± 5.8 38.7 ± 6.7 36.7 ± 6.7 37.7 ± 6.6 < 0.001

Notes: CAR: Q1 (≤ 0.024); Q2 (> 0.024, ≤ 0.244); Q3 (> 0.244, ≤ 0.7708); Q4 (> 0.7708). 
Abbreviations: BMI, body mass index; aCCI, the Age-Adjusted Charlson comorbidity index; NRS2002, Nutritional Risk Screening 2002; NRS, Numerical Rating Scale; AIS, 
Athens Insomnia Scale; ADL, Activities of Daily Living; MFS, Morse Fall Scale; SSRS, Social Supporting Rating Scale.
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significantly linked to an increased risk of overall morbidity (OR=1.17, 95% CI: 1.04–1.32, P < 0.01), CD3 complica-
tions (OR=1.33, 95% CI: 1.15–1.53, P < 0.001) and reoperation (OR=1.59, 95% CI: 1.33–1.89, P < 0.001) in older 
patients following non-cardiac surgery (Table 4).

Additionally, a sensitivity analysis was conducted with CAR as a categorical variable. After adjusting for all 
covariates, it was found that compared to the lowest CAR group (Q1 ≤ 0.0247), the risk of overall morbidity 
(OR=0.71, 95% CI: 0.51–0.98, P < 0.05) and readmission (OR=0.53, 95% CI: 0.28–0.99, P < 0.05) were lower in the 
Q2 group (> 0.0247, ≤ 0.2467), whereas the Q4 group (> 0.7708) had an increased risk of overall morbidity (OR=1.44, 
95% CI: 1.04–2.01, P<0.05), CD3 complications (OR=2.07, 95% CI: 1.27–3.37, P < 0.01), and reoperation (OR=4.01, 
95% CI: 1.92–8.38, P < 0.001). (Table 5)

Table 2 The Surgical Characteristics of Included Patients

Variables Total (n = 2511) Q1 (n = 628) Q2 (n = 627) Q3 (n = 628) Q4 (n = 628) p

ASA grade, n(%) < 0.001

Level 1 214 (8.5) 63 (10) 43 (6.9) 43 (6.8) 65 (10.4)

Level 2 1463 (58.3) 393 (62.6) 354 (56.5) 383 (61) 333 (53)

Level 3 834 (33.2) 172 (27.4) 230 (36.7) 202 (32.2) 230 (36.6)

Surgery type, n(%) < 0.001

Open operation 791 (31.5) 192 (30.6) 88 (14) 309 (49.2) 202 (32.2)

Minimally invasive surgery 1720 (68.5) 436 (69.4) 539 (86) 319 (50.8) 426 (67.8)

Surgical site, n(%) < 0.001

Limbs 1111 (44.2) 234 (37.3) 335 (53.4) 289 (46) 253 (40.3)

Abdomen 575 (22.9) 162 (25.8) 72 (11.5) 129 (20.5) 212 (33.8)

Head and neck 126 (5.0) 46 (7.3) 27 (4.3) 24 (3.8) 29 (4.6)

Thorax 68 (2.7) 23 (3.7) 11 (1.8) 8 (1.3) 26 (4.1)

Back 185 (7.4) 36 (5.7) 48 (7.7) 54 (8.6) 47 (7.5)

Hip 446 (17.8) 127 (20.2) 134 (21.4) 124 (19.7) 61 (9.7)

Mode of anesthesia, n(%) < 0.001

Local anesthesia 911 (36.3) 234 (37.3) 246 (39.2) 181 (28.8) 250 (39.8)

General anesthesia 1600 (63.7) 394 (62.7) 381 (60.8) 447 (71.2) 378 (60.2)

Surgery time (min) 120.0 (85.0, 175.0) 120.0 (80.0, 180.0) 115.0 (80.0, 151.0) 120.0 (90.0, 176.0) 120.0 (80.0, 180.0) 0.066

Intraoperative blood loss (mL) 50.0 (35.0, 100.0) 50.0 (35.0, 100.0) 50.0 (35.0, 100.0) 50.0 (35.0, 100.0) 50.0 (35.0, 100.0) 0.233

Notes: CAR: Q1 (≤ 0.024); Q2 (> 0.024, ≤ 0.244); Q3 (> 0.244, ≤ 0.7708); Q4 (> 0.7708).

Table 3 The Postoperative Outcomes of Included Patients

Variables Total (n = 2511) Q1 (n = 628) Q2 (n = 627) Q3 (n = 628) Q4 (n = 628) p

Overall morbidity, n(%) < 0.001

No 1633 (65.0) 404 (64.3) 465 (74.2) 395 (62.9) 369 (58.8)

Yes 878 (35.0) 224 (35.7) 162 (25.8) 233 (37.1) 259 (41.2)
Minor Complications, n(%) < 0.001

No 1741 (69.3) 425 (67.7) 492 (78.5) 410 (65.3) 414 (65.9)

Yes 770 (30.7) 203 (32.3) 135 (21.5) 218 (34.7) 214 (34.1)
CD3 complication, n(%) < 0.001

No 2261 (90.0) 570 (90.8) 566 (90.3) 587 (93.5) 538 (85.7)
Yes 250 (10.0) 58 (9.2) 61 (9.7) 41 (6.5) 90 (14.3)

Reoperation, n(%) < 0.001

No 2376 (94.6) 604 (96.2) 582 (92.8) 609 (97) 581 (92.5)
Yes 135 (5.4) 24 (3.8) 45 (7.2) 19 (3) 47 (7.5)

Readmission, n(%) < 0.001

No 2288 (91.1) 571 (90.9) 599 (95.5) 570 (90.8) 548 (87.3)
Yes 223 (8.9) 57 (9.1) 28 (4.5) 58 (9.2) 80 (12.7)

Notes: CD3, Clavien-Dindo grade III. CAR: Q1 (≤ 0.024); Q2 (> 0.024, ≤ 0.244); Q3 (> 0.244, ≤ 0.7708); Q4 (> 0.7708).
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Restricted cubic splines (RCS) analyses were employed to assess the dose-response relationship between CAR and 
adverse postoperative outcomes, the result is presented in Figure 2. After adjusting for all covariates, we found 
a U-shaped association between CAR and overall morbidity (cut-off value = 0.034, P for nonlinear < 0.001), suggesting 
that intermediate level of CAR may be associated with a lower risk of overall morbidity. Besides, no nonlinear 
relationships were observed between CAR and the other three postoperative adverse outcomes (P for nonlinear > 0.05).

Table 4 Multivariate Logistic Regression of the Association Between CAR and Adverse Postoperative Outcomes

Indexs Model 1 Model 2 Model 3 Model 4

OR (95% CI) P-Value OR (95% CI) P-Value OR (95% CI) P-Value OR (95% CI) P-Value

Overall morbidity 1.08 (0.99, 1.17) 1.07 (0.98, 1.17) 1.13 (1.03, 1.24)** 1.17 (1.04–1.32)**

CD3 Complications 1.24 (1.11, 1.39)*** 1.25 (1.11, 1.39)*** 1.30 (1.15, 1.46)*** 1.33 (1.15, 1.53)***
reoperation 1.29 (1.13, 1.47)*** 1.29 (1.12, 1.48)*** 1.51 (1.30, 1.76)*** 1.59 (1.33, 1.89)***

Readmission 1.21 (1.08, 1.36)*** 1.20 (1.06, 1.35)** 1.22 (1.08, 1.39)*** 1.05 (0.87, 1.27)

Notes: *** P < 0.001; ** P < 0.01. Model 1: no covariates were adjusted.; Model 2: sex, age, marriage, BMI, education, Pre-retirement occupation, 
smoking, drinking, Family per capita monthly income; multiple medication. Model 3: Model 2 + ASA grade, surgery type, surgical site, operation time, 
anesthesia and intraoperative blood loss. Model 4: Model 3 + aCCI, NRS2002, NRS, SSRS, AIS, MiniCog, ADL, MFS, PHQ-9. 
Abbreviations: CI, confidence index; OR, odds ratio.

Table 5 Sensitivity Analysis of CAR with Overall Morbidity, CD3 Complications, Reoperation and 
Readmission

Indexs Model 1 Model 2 Model 3 Model 4

OR (95% CI) P-Value OR (95% CI) P-Value OR (95% CI) P-Value OR (95% CI) P-Value

Overall morbidity

Q1 Ref Ref Ref Ref

Q2 0.61 (0.48, 0.78)*** 0.62 (0.48–0.79)*** 0.66 (0.5–0.85)*** 0.71 (0.51, 0.98)*
Q3 1.06 (0.85–1.34) 1.09 (0.86–1.38) 1.14 (0.89–1.48) 1.18 (0.85, 1.63)

Q4 1.27 (1.01–1.59)* 1.22 (0.97–1.54) 1.39 (1.08–1.78)** 1.44 (1.04, 2.01)*

CD3 Complications

Q1 Ref Ref Ref Ref
Q2 1.06 (0.72–1.56) 1 (0.68–1.49) 0.95 (0.64–1.43) 1.29 (0.78–2.13)

Q3 0.69 (0.45–1.04) 0.58 (0.37–0.91)* 0.69 (0.44–1.09) 0.76 (0.42–1.36)
Q4 1.64 (1.16–2.33)** 1.45 (1.1–2.1)* 1.54 (1.05–2.26)* 2.07 (1.27–3.37)**

Reoperation

Q1 Ref Ref Ref Ref

Q2 1.95 (1.17–3.24)* 1.84 (1.09–3.09)* 1.54 (0.89–2.67) 2.19 (1.05, 4.58)*
Q3 0.79 (0.43–1.45) 0.58 (0.31–1.08) 0.84 (0.44–1.61) 1.22 (0.52, 2.85)

Q4 2.04 (1.23–3.37)** 2.03 (1.21–3.42)** 2.52 (1.46–4.34)*** 4.01 (1.92, 8.38)***

Readmission

Q1 (ref) Ref Ref Ref Ref
Q2 0.47 (0.29–0.75)*** 0.49 (0.3–0.78)** 0.56 (0.35–0.91)* 0.53 (0.28–0.99)*

Q3 1.02 (0.69–1.5) 1.01 (0.68–1.49) 0.89 (0.6–1.34) 0.8 (0.46–1.38)

Q4 1.46 (1.02–2.09)** 1.41 (0.98–2.04) 1.42 (0.97–2.06) 0.9 (0.52–1.56)

Notes: CAR: Q1 (≤ 0.024); Q2 (> 0.024, ≤ 0.244); Q3 (> 0.244, ≤ 0.7708); Q4 (> 0.7708), *** P < 0.001; ** P < 0.01; * P < 0.05. Model 1: 
no covariates were adjusted.; Model 2: sex, age, marriage, BMI, education, Pre-retirement occupation, smoking, drinking, Family per capita 
monthly income; multiple medication. Model 3: Model 2 + ASA grade, surgery type, surgical site, operation time, anesthesia and 
intraoperative blood loss. Model 4: Model 3 + aCCI, NRS2002, NRS, SSRS, AIS, MiniCog, ADL, MFS, PHQ-9.
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Subgroup Analysis for the Relationship Between CAR and CD3 Complications
Interaction tests revealed that the relationship between CAR and CD3 complications was not statistically different across 
strata, indicating that aCCI, NRS2002, ASA grade, and surgery type did not significantly impact this positive correlation. 
(Figure 3, P for interaction > 0.05)

Discussion
This prospective cohort study conducted a secondary analysis of EPAE data to investigate the association between pre-
operative CAR levels and postoperative adverse outcomes in 2511 elderly patients undergoing non-cardiac surgery. Our 
research demonstrated that elevated preoperative CAR is independently associated with an increased risk of overall morbidity, 
CD3 complications, and reoperation. The robustness of these associations was confirmed through sensitivity and subgroup 
analyses. Moreover, the study identified a nonlinear relationship between preoperative CAR and overall morbidity.

In recent years, numerous studies have established a link between CAR and adverse outcomes across various 
diseases, including different cancers,14–17,19,20,23 critically ill patients,18 COVID-19,43 and myocardial infarction.44 

However, these studies mainly focus on patients across all age groups, with relatively few focusing specially on the 
elderly. For instance, Takemoto et al conducted a retrospective cohort study of 379 elderly patients with gastric cancer, 
finding that a high preoperative CAR (≥ 0.024) was associated with a higher incidence of complications within 30 days 
post-surgery (OR=1.62, 95% CI: 1.01–2.62).22 Another retrospective study involving 629 elderly patients undergoing hip 
fracture surgery also found that a high CAR (≥ 1.5) was significantly associated with an increased risk of postoperative 

Figure 2 Multivariable restricted cubic spline of CAR. 
Notes: The threshold of significance is P-overall < 0.05. The model was conducted with 4 knots at the 5th, 35th, 65th, 95th percentiles. Solid lines indicate ORs, and shadow 
shape indicate 95% CIs. (A) Overall morbidity; (B) CD3 complications; (C) Re-operation; (D) Readmission.
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delirium (OR = 2.11, 95% CI: 1.40–3.18) and overall mortality (HR = 1.44, 95% CI: 1.07–1.93).21 In contrast to previous 
studies that focused on specific surgeries, our research included a diverse range of surgical procedures and conducted 
a comprehensive preoperative evaluation of elderly patients. After adjusting for demographic, surgical, and disease- 
related factors, the multivariate logistic regression and sensitivity analyses revealed that a high preoperative CAR (> 
0.7708) was significantly associated with increased risks of overall morbidity, CD3 complications, and reoperation in 
elderly patients undergoing non-cardiac surgery. These findings suggest that CAR may serve as a valuable biomarker for 
predicting prognosis in elderly patients, facilitating the identification of those at higher risk for complications and 
mortality, and enabling timely preventive interventions.

The specific mechanisms by which CAR may predict adverse postoperative outcomes in elderly patients remain unclear. 
We hypothesize that CAR serves as a comprehensive indicator reflecting both systemic inflammation and nutritional status. 
CRP, an acute-phase reactive protein produced by the liver, increasing during inflammation or infection.45 ALB, another liver- 
synthesized protein, is an important nutritional indicator, with low levels typically indicating malnutrition.46 Aging and 
comorbidities commonly result in immune function decline in the elderly,47 along with chronic low-grade inflammation,28 

which elevates CRP levels. These inflammatory mediators can damage vascular endothelial and tissue cells, exacerbating 
tissue damage and organ dysfunction, thereby increasing the risk of complications.48,49 Moreover, malnutrition, prevalent in 
the elderly,29 impairs tissue healing and exacerbates the production of inflammatory mediators, further increasing the 
likelihood of adverse postoperative outcomes.50–52

Another interesting finding in our study is the dose-dependent relationship between preoperative CAR and overall 
morbidity. Sensitivity analysis revealed that when CAR was divided into quartiles, the risk of overall morbidity was 
lower in the Q2 group compared to Q1, but increased in the Q4 group. This finding is consistent with the RCS analysis, 
which suggests a U-shaped relationship between CAR and overall morbidity (P for non-linearity < 0.001, cutoff value: 
0.034). These findings suggest that both excessively low and high CAR levels may elevate the risk of overall morbidity, 
possibly due to moderate inflammatory responses could support infection control, whereas extreme levels may signal 

Figure 3 Forest plot for subgroup analysis of association between CAR and CD3 complications.
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immune dysregulation in response to surgical trauma.53,54 Low CAR levels may be linked to reduced immune activity, 
potentially impairing the body’s adaptive response to postoperative infections and increasing complication risk.54 

Conversely, high CAR levels may indicate excessive inflammation or poor nutritional status, leading to immune 
imbalance and compromised tissue healing, thereby reducing the body’s resilience to surgical trauma.48–52 However, 
in both our study and previous studies on elderly populations, only a direct positive association was found between 
higher CAR levels and increased risk of adverse postoperative outcomes, with no evidence of a non-linear 
relationship.21–23 This discrepancy may arise because overall morbidity encompasses a wide range of complications, 
and a larger sample size could increase statistical power to detect non-linear relationships. Moreover, unlike most 
previous studies that categorized CAR into only two groups for logistic regression,21–23 our quartile-based method and 
RCS analysis provide a more nuanced approach to risk stratification. In conclusion, further research is needed to validate 
this non-linear relationship between CAR and overall morbidity across various populations and with larger sample sizes. 
Investigating the underlying mechanisms will also be essential to determine CAR’s potential utility in preoperative risk 
assessment.

Elevated CAR levels have been associated with poor prognosis in elderly patients. Given that CRP and ALB are 
commonly used blood markers in clinical practice, offering simplicity, cost-effectiveness, and ease of use, preoperative 
CAR is highly suitable for evaluating older patients. However, the definition of “high CAR” in this population often varies 
across studies,21,22 typically based on sample distribution and specific clinical characteristics. This variation may affect the 
comparability of results and limit the generalizability of clinical applications. Therefore, future research should focus on 
standardizing the cut-off value of CAR to ensure its applicability and reliability across different clinical settings. In addition, 
the interventions that could improve CAR levels and patient outcomes remain unclear. Previous study has shown that 
intraoperative administration of NSAIDs may improve outcomes in patients with breast, kidney, and lung cancer.55 Yasui 
et al also found that normalization of CAR before and after surgery improved prognosis in colorectal cancer patients.56 Future 
research could explore targeted preoperative interventions, such as anti-inflammatory or nutritional therapies, to assess their 
effects on CAR levels and determine whether reducing CAR contributes to improved surgical outcomes.

However, our study has several limitations. Firstly, our study only collected blood samples at a single time point, limiting 
insight into dynamic changes in the CAR. Future studies should consider repeated measurements to capture fluctuations in 
CAR. Secondly, the dataset used for secondary analysis includes a variety of surgery types. Although we controlled for 
surgical factors as covariates and conducted subgroup analyses based on surgical type and ASA classification, the hetero-
geneity across surgical types may still influence the results and limit the generalizability of our conclusions. Thus, further 
studies are warranted to explore the relationship between preoperative CAR and postoperative adverse outcomes in elderly 
patients across different surgical types. Thirdly, data on adverse outcomes were only collected only up to 90 days post-
operatively, restricting the ability to establish associations with long-term prognostic outcomes. Future research should include 
extended follow-up periods to fully understand the implications of preoperative CAR levels. Fourthly, due to the observational 
nature of this study, causality cannot be established based on the observed associations. Fifthly, although we controlled for 
numerous potential confounding factors in our study, unmeasured confounders, such as blood sugar levels, may still influence 
the robustness of the results. Future research should aim to include a broader range of data on these factors to enhance the 
validity of the findings. Finally, our study population was limited to older patients in China, which may affect the general-
izability of the findings to other countries. Further studies in different populations or settings could help validate and extend 
these conclusions.

Conclusion
Through this multicenter, prospective, longitudinal analysis involving 2511 elderly patients across several hospitals in 
Guangdong, China, we found that elevated CAR levels are positively associated with an increased risk of CD3 
complications, overall morbidity, and reoperation. These findings highlight the potential of CAR as a valuable biomarker 
for preoperative risk stratification. Future studies should investigate whether interventions to modify CAR levels could 
further reduce the risk of postoperative complications. Additionally, mechanistic research is needed to clarify the 
biological pathways linking elevated CAR to postoperative outcomes, which could refine its use as a predictive 
biomarker and identify therapeutic targets.
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