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Introduction
Postoperative delirium (POD) is a challenging clinical 
syndrome that occurs primarily in older patients after 
surgery [1]. Until today, there is still no effective phar-
macological treatment for delirium [2]. The current 
mainstream approach remains non-pharmacological 
interventions. It is characterized by acute episodes of 
fluctuating cognitive impairment, attention disorders, 
and confusion [3, 4]. The prevalence of POD varies 
widely, with reports ranging from 2.5 to 70% for differ-
ent types of surgery [5]. Delirium is influenced by vari-
ous factors, including advanced age, cognitive deficits, 
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Abstract
Objective  The purpose of this research was to evaluate the prognostic significance of preoperative albumin to 
fibrinogen (AFR) for postoperative delirium (POD) in older patients with non-neurosurgical and non-cardiac surgery.

Method  The retrospective cohort study included a group of patients aged 65 and above who underwent non-
neurosurgical and non-cardiac surgery at the First Medical Center of Chinese PLA General Hospital from January 2014 
to December 2021. AFR and POD correlation was evaluated through univariate and multivariable logistic regression 
analysis, as well as propensity score matching (PSM) and subgroup analysis.

Results  In our study, the occurrence of POD was 2.9% (1566/53,609), with the AFR threshold identified as 10.625 
based on the ROC curve. The study identified AFR ≤ 10.625 as a significant predictor of POD in both univariate and 
multivariable regression analyses, and the odds ratios (OR) were 2.65 (2.40–2.93), 1.98 (1.79–2.21), 1.51 (1.34–1.70), 1.27 
(1.13–1.43) and 1.32 (1.14–1.53) in four models and the PSM model.

Conclusion  AFR is a valuable predictor for predicting the development of POD in older patients receiving non-
neurosurgical and non-cardiac procedures. This finding highlights the importance of preoperative assessment of AFR 
in these patients to better predict and manage the risk of POD.
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and chronic illnesses such as heart failure, cancer, and 
cerebrovascular disease. Other contributing factors are 
depression or anxiety, inflammation, a history of stroke, 
poor nutritional status, fluid and electrolyte balance dis-
orders, and dependence on drugs or alcohol [6, 7]. The 
adverse effects of POD include longer hospital stays, 
increased health care costs, long-term cognitive decline, 
and higher mortality rates [8, 9]. In addition, POD often 
complicates the postoperative process in older patients, 
resulting in an overall reduction in quality of life and 
greater reliance on medical services.

The ratio of albumin to fibrinogen (AFR), is emerg-
ing as a novel prognostic immune biomarker. Albumin, 
a major plasma protein, is synthesized and secreted by 
the liver. It usually makes up more than 50% of the pro-
tein in the blood, and its concentration reflects nutri-
tional status and systemic inflammation [10]. While 
fibrinogen, a glycoprotein synthesized by liver epithelial 
cells, plays a key role in regulating blood clotting. At the 
same time, when the body has inflammatory stimulation, 
its synthesis is greatly enhanced [11]. Alterations in the 
AFR could reflect a state of malnutrition, or an inflam-
matory response, all of which are also risk factors for the 
development of POD [12]. In the elderly, who are often 
subject to nutritional deficits and chronic inflammatory 
states, preoperative assessment of AFR may provide valu-
able insights into the risk of developing POD [13, 14]. 
Previous studies have shown the significance of AFR in 
predicting patient outcomes, particularly in various can-
cers such as non-small cell lung cancer (NSCLC), rectal 
cancer, gastric cancer, chronic lymphocytic leukemia, 
and breast cancer [15–17]. Moreover, AFR has also been 
identified as an independent predictor of POD after total 
joint arthroplasty [18]. However, existing studies are lim-
ited to specialty surgery, and few studies have revealed 
the relationship between AFR and POD in older patients 
with multiple surgical modalities.

In this study, we explored the potential of AFR as a pre-
dictive marker of POD in older patients. By establishing 
a large cohort that included 53,609 patients, our study 
aimed to assess the effectiveness of AFR in predicting 
POD risk in patients aged 65 and over undergoing sur-
gery other than cardiac or neurosurgery.

Materials and methods
Patients
The study is a retrospective, observational cohort study. 
It was conducted in accordance with the Declaration 
of Helsinki and approved by the Ethics Committee of 
the First Medical Center of the Chinese People’s Lib-
eration Army General Hospital (No. S2019-311-03). 
Informed consent was not required because the study 
was retrospective. To protect patient privacy, personally 

identifiable information was not extracted and only 
anonymous records were used.

Non-neurosurgical and non-cardiac procedures per-
formed under anesthesia from January 2014 to December 
2021 were considered eligible for inclusion. Exclusion cri-
teria: (1) Endoscopy; (2) Emergency surgery; (3) Ameri-
can Society of Anesthesiologists (ASA) V; (4) Lack of 
exposure factor AFR.

Data collection
Baseline characteristics and demographic information 
of the patients were collected from hospital records. 
Additionally, perioperative data related to postoperative 
delirium was specifically gathered to facilitate a more 
comprehensive and precise analysis. The data collected 
included:

Demographic data: age, sex, body mass index (BMI), 
smoking, and drinking history.

Clinical data: ASA status, preoperative comorbidities 
including diabetes, hypertension, cardiovascular and 
cerebrovascular diseases, chronic obstructive pulmonary 
disease (COPD), anxiety, and depression, chronic kidney 
disease (CKD).

Preoperative medication: benzodiazepines, opioids, 
anticholinergic drugs, antipsychotic, and nonsteroidal 
anti-inflammatory drugs (NSAIDs).

Laboratory tests: white blood cell (WBC), hemoglo-
bin (Hb), platelets, glucose (Glu), thrombin time (TT), 
prothrombin time (PT), creatinine (Cre), fibrinogen, 
albumin, aspartate aminotransferase (AST), and alanine 
aminotransferase (ALT).

Details related to surgery and treatment included surgi-
cal procedure type, anesthesia method, duration of sur-
gery and anesthesia. Additional information gathered 
comprised urine output, blood loss, colloid and crys-
talloid volumes, blood transfusion, and intraoperative 
medications (such as anticholinergics, benzodiazepines, 
antipsychotics, opioids, and NSAIDs). Data also covered 
the duration of systolic blood pressure (SBP) above 140 
mmHg, mean arterial pressure (MAP) below 60 mmHg, 
and diastolic blood pressure (DBP) above 90 mmHg.

Outcomes measurement
Patients were diagnosed with postoperative delirium 
using the Chart-based Delirium Identification Instru-
ment (CHART-DEL) within a week of their surgery. The 
CHART-DEL is a validated method that can be used to 
review charts (medical records) to detect the presence of 
delirium [19]. Patients were excluded from the study if 
their preoperative medical records showed the diagnosis 
of delirium.  Trained neurologists reviewed the medical 
records of patients who met the criteria outlined in the 
Diagnostic and Statistical Manual of Mental Disorders, 
fourth edition (DSM-IV) to make the final diagnosis [20].
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Correlation between AFR and POD
The optimal threshold for AFR in predicting POD was 
determined to be 10.625 using the receiver operating 
characteristic (ROC) curve. Following this, AFR was 
divided into two categories using the specified threshold. 
Furthermore, AFR was segmented into four categories 
according to quartiles. Then we used logistic regres-
sion to explore the relationship between AFR and POD, 
treating AFR as a continuous, binary, and four-category 
variable.

Initially, unadjusted univariate logistic regression 
analysis was conducted. Based on these considerations, 
model 1 was constructed by adjusting for sex, age, BMI, 
and ASA status. Model 2 included additional variables 
such as smoking and alcohol use, diabetes, hyperten-
sion, cardiovascular disease, cerebrovascular disease, 
CKD, depression, preoperative drugs including anticho-
linergics, benzodiazepines, antipsychotics, opioids, and 
NSAIDs, WBC, Hb, platelet, Glu, TT, PT, Cre, AST. To 
enhance the analysis further, model 3 incorporated intra-
operative data, encompassing the type and the length of 
surgery and anesthesia, urine output, blood loss, colloid 
and crystalloid volumes, blood transfusion, the use of 
NSAIDs, benzodiazepines, and dexmedetomidine, dura-
tion of MAP < 60 mmHg and SBP > 140 mmHg, while 
retaining the variables from previous models.

Propensity score-matching analysis
To reduce the potential impact of confounding factors, 
we utilized propensity score (PS) analysis and PSM to 
investigate the relationship between AFR and POD. In 
this study, we employed one-to-one matching using a 
greedy algorithm, setting a maximum caliper of 0.1, to 
pair patients with POD to those without POD who had 
similar PS. Patients without a suitable match within 

this range were excluded from the analysis. To ensure 
the comparability of matched patients, we used kernel 
density plots to compare the distribution of propensity 
scores before and after matching. We also calculated the 
standardized mean difference (SMD) for each baseline 
variable between the two groups, with a value of < 0.1 
considered negligible.

Subgroup analyses
To investigate potential sources of confounding factors in 
the influence of AFR on POD among different subgroups, 
our analysis was stratified based on age, sex, ASA sta-
tus, hemoglobin level, surgical duration, and duration of 
MAP < 60 mmHg. The outcomes of our subgroup analy-
ses are depicted through forest plots, which succinctly 
illustrate the predictive impact of AFR on POD within 
each subgroup.

Statistical analysis
In this study, continuous variables were presented as 
mean ± SD for normally distributed data, and as median 
with IQR for non-normally distributed data. Continu-
ous variables were analyzed using the t test or Mann-
Whitney U test. Categorical variables were reported as 
counts (percentages) and analyzed using either Fisher’s 
exact test or the χ2 test. A two-tailed P-value of 0.05 was 
established as the threshold for statistical significance. All 
analyses were performed using R software version 4.1.3.

Results
Patient characteristics
We conducted a retrospective cohort of 57,597 patients 
aged over 65 who received non-neurosurgical and non-
cardiac surgery between January 2014 and December 
2021. After applying the above exclusion criteria, a final 
cohort of 53,609 patients was analyzed (Fig.  1). The 
cohort had a median age of 70 years (IQR: 67–74 years), 
with 48.2% of the participants being female. The inci-
dence of POD was 2.9%.

By using the ROC curve, we determined the best 
threshold for preoperative AFR to predict POD in older 
patients as 10.625, with an AUC of 0.65 (0.63–0.66), 
shown in Additional file Fig. A1. We then divided patients 
into two groups based on this threshold: AFR ≤ 10.625 
(n = 16,797) and AFR > 10.625 (n = 36,812).

There were statistically significant differences (P < 0.05) 
between the two groups in baseline characteristics, peri-
operative data, except for hypertension, anxiety, depres-
sion, preoperative use of NSAIDs, and duration of 
DBP > 90 mmHg. Compared with the other group, the 
group of AFR ≤ 10.625 had more women, older individu-
als, lower BMI, higher prevalence of smoking history, 
and a larger proportion of non-drinkers. This group also 
showed a higher incidence of comorbidities, including Fig. 1  Diagram of the enrollment process for the study
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diabetes, cardiovascular and cerebrovascular diseases, 
CKD, and COPD. Additionally, the duration of anesthesia 
and surgery was longer in this group (Table 1).

Correlation between the AFR and POD
We employed four models to investigate the association 
between AFR and POD. In the analysis of AFR as a con-
tinuous variable, univariate logistic regression showed a 
significant correlation, with an OR of 0.86 (95% CI: 0.85–
0.87, P < 0.001). Lower AFR was found to be linked to a 
higher risk of POD in the multivariate logistic regression 
models, with adjusted odds ratios of 0.90, 0.94, and 0.97, 
respectively (P < 0.001, Additional file Table A1).

Furthermore, we identified the optimal threshold value 
for AFR to be 10.625 and classified the cases into two 
groups based on this criterion. In the univariate analysis, 
the OR for the group with AFR ≤ 10.625 was 2.65 (95% 
CI: 2.40–2.93, P < 0.001). The correlation was consistently 
strong in all multivariable logistic regression models, 
with ORs ranging from 1.13 to 2.21 (P < 0.001, Table 2).

Then we categorized patients into four groups based 
on quartiles of AFR: AFR ≤ 9.95, 9.95 < AFR ≤ 12.27, 
12.27 < AFR ≤ 14.50, and AFR > 14.50. Our univari-
ate analysis showed that patients in the AFR ≤ 9.95 and 
9.95 < AFR ≤ 12.27 groups had a significantly higher risk 
of developing POD compared to those in the AFR > 14.50 
group (P < 0.001). This trend persisted even after con-
ducting multivariate regression analysis, confirming that 
lower AFR is a consistent predictor of increased POD 
risk. After adjusting for various variables, the AFR ≤ 9.95 
group still had a significantly higher risk of POD com-
pared to the AFR > 14.50 group (OR = 1.27, P < 0.01) in 
Model 3 (Additional file Table A2).

In addition, the decision curve analysis (DCA) con-
ducted for AFR demonstrated that considering AFR 
could lead to favorable net benefits for patients (Fig. 2A). 
Additionally, the calibration curve displayed reliable per-
formance (Fig. 2B).

Analysis and adjustment using propensity score matching
To control for potential confounding variables, we 
employed PSM in our cohort study, with a 1:1 ratio 
between the AFR > 10.625 group and the AFR ≤ 10.625 
group. We successfully matched 12,200 patients in each 
group by considering 28 variables, including sex, age, 
BMI, smoking history, CKD, preoperative use of opioid 
and psychotropic drugs, Hb, WBC, platelet count, Glu, 
TT, PT, AST, type and length of surgery and anesthesia, 
ASA status, urine output, blood loss, colloid and crystal-
loid volumes, blood transfusion, the use of NSAIDs and 
benzodiazepines, duration of SBP > 140 mmHg and the 
duration MAP < 60 mmHg. The propensity score distri-
bution both before and after performing PSM was illus-
trated in Fig. 3A and B.

After matching, the baseline characteristics between 
the two groups were well-balanced, with all covariates 
exhibiting SMD < 0.1. Following PSM, AFR continued to 
independently predict POD in the multivariable logistic 
regression analysis. The OR for AFR ≤ 10.625 was 1.32 
(95% CI: 1.14–1.53, P < 0.001), as shown in Table 2. Addi-
tional multivariable logistic regression analysis outcomes 
can be found in Table A3.

Subgroup analyses
Subgroup analysis revealed that AFR ≤ 10.625 was sta-
tistically significant across subgroups defined by gender, 
age, ASA status, Hb, and duration of surgery (P < 0.05), 
as shown in Fig. 4. Based on the OR values in each sub-
group, it was found that AFR had a stronger association 
with POD in specific patient subgroup, which included 
female patients, aged ≤ 70 years, with ASA status ≥ III, 
duration of surgery ≤ 120 min, Hb > 130 g/L, and duration 
of MAP ≤ 60 mmHg for ≤ 10 min.

Discussion
This study aimed to investigate the predictive effect of 
AFR on POD in older patients. Previous studies have 
identified low postoperative AFR as a risk factor for POD 
in older patients, but were limited by small sample sizes 
and narrow focus on specific surgeries. To address these 
limitations, we conducted a large retrospective cohort 
study with 53,609 patients undergoing various proce-
dures. Rigorous statistical methods, including univariate 
and multivariate logistic regression, PSM, DCA, and cali-
bration curves, were employed. Our results showed that 
preoperative AFR remained a reliable predictor of POD 
across different surgical procedures.

Our study provides strong evidence supporting AFR as 
a significant predictor of postoperative delirium (POD) in 
surgical patients. Lower AFR values were associated with 
a higher incidence of POD (P < 0.001) when considering 
AFR as a continuous variable. Using a binary variable 
with a cutoff of 10.625, AFR ≤ 10.625 was identified as a 
risk factor for POD in both univariate and multivariable 
logistic regression analyses (P < 0.001). Further analysis, 
dividing AFR into four groups, confirmed the association 
between AFR ≤ 9.95 and increased odds of POD. After 
adjusting for 28 variables and performing 1:1 propensity 
score matching, with each group consisting of 12,200 
patients, the influence of other variables was eliminated 
(SMD < 0.1). Multivariable logistic regression analysis of 
the PSM matched cohort revealed that a decrease in AFR 
remained a predictive factor for POD (P < 0.001). These 
findings were consistent across different subgroups, 
including various age groups, ASA status, genders, hemo-
globin, and surgical durations. Patients with AFR ≤ 10.625 
had an increased risk of developing POD in the subgroup 
with a duration of MAP < 60 mmHg ≤ 10 min.
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Characteristic Unadjusted sample (n = 53609) PSM adjusted (1:1) (n = 24400)
AFR > 10.625
(n = 36812)

AFR ≤ 10.625
(n = 16797)

SMD AFR > 10.625
(n = 12200)

AFR ≤ 10.625
(n = 12200)

SMD

Sex (male) (%)† 19,273 (52.4) 8466 (50.4) 0.039 6116 (50.1) 6153 (50.4) 0.006
Age, years† 69.00 [67.00, 73.00] 71.00 [67.00, 76.00] 0.35 71.00 [67.00, 75.00] 70.00 [67.00, 75.00] 0.024
BMI, kg/m2† 24.00 [22.00, 27.00] 23.00 [21.00, 26.00] 0.108 24.00 [22.00, 26.00] 24.00 [21.00, 26.00] 0.014
Smoke (%)† 0.045 0.006
  Smoking 4678 (12.7) 2013 (12.0) 1502 (12.3) 1483 (12.2)
  Cessation 4118 (11.2) 2109 (12.6) 1498 (12.3) 1486 (12.2)
Alcohol (%) 0.028 0.03
  Drinking 2500 (6.8) 1238 (7.4) 822 (6.7) 915 (7.5)
  Dry out 6013 (16.3) 2627 (15.6) 1923 (15.8) 1907 (15.6)
Hypertension (%) 17,425 (47.3) 8010 (47.7) 0.007 6149 (50.4) 5705 (46.8) 0.073
Diabetes (%) 8013 (21.8) 4296 (25.6) 0.09 3059 (25.1) 2990 (24.5) 0.013
Cardiovascular disease (%) 4858 (13.2) 2483 (14.8) 0.046 1795 (14.7) 1728 (14.2) 0.016
Cerebrovascular disease (%) 2982 (8.1) 1681 (10.0) 0.066 1073 (8.8) 1142 (9.4) 0.02
Depression (%) 146 (0.4) 86 (0.5) 0.017 56 (0.5) 48 (0.4) 0.01
Anxiety (%) 32 (0.1) 18 (0.1) 0.006 32 (0.1) 18 (0.1) 0.006
CKD (%)† 514 (1.4) 480 (2.9) 0.101 281 (2.3) 282 (2.3) 0.001
COPD (%) 773 (2.1) 498 (3.0) 0.055 278 (2.3) 326 (2.7) 0.025
Preoperative medication (%)
  Anticholinergic drug 16,171 (43.9) 6749 (40.2) 0.076 5314 (43.6) 5232 (42.9) 0.014
  Benzodiazepines 9112 (24.8) 3549 (21.1) 0.086 2729 (22.4) 2599 (21.3) 0.026
  NSAIDs 3020 (8.2) 1388 (8.3) 0.002 1143 (9.4) 1047 (8.6) 0.028
  Opium† 610 (1.7) 958 (5.7) 0.216 428 (3.5) 427 (3.5) < 0.001
  Antipsychotic drugs† 63 (0.2) 165 (1.0) 0.107 45 (0.4) 40 (0.3) 0.007
Hemoglobin, g/L† 133.00 [123.00, 143.00] 122.00 [109.00, 133.00] 0.701 127.00 [116.00, 137.00] 126.00 [115.00, 

137.00]
0.002

WBC count, *109/L† 5.65 [4.75, 6.69] 6.45 [5.31, 7.87] 0.424 6.11 [5.09, 7.35] 6.19 [5.15, 7.46] 0.02
Platelet, *109/L† 201.00 [167.00, 239.00] 233.00 [189.00, 284.00] 0.535 221.00 [182.00, 266.00] 221.00 [182.00, 

265.00]
0.007

Glu, mmol/L† 5.15 [4.70, 5.86] 5.31 [4.76, 6.28] 0.187 5.22 [4.73, 6.09] 5.23 [4.72, 6.10] 0.003
TT, s† 16.50 [15.80, 17.20] 16.00 [15.30, 16.80] 0.203 16.20 [15.60, 16.90] 16.10 [15.40, 16.80] 0.037
PT, s† 13.10 [12.50, 13.60] 13.30 [12.70, 13.90] 0.244 13.20 [12.70, 13.80] 13.20 [12.70, 13.80] 0.028
Cre, µmol/L 71.70 [61.60, 83.10] 70.10 [58.90, 83.60] 0.036 71.00 [60.70, 83.30] 70.40 [59.50, 83.50] 0.049
AST, U/L† 19.32 (24.36) 28.39 (47.75) 0.239 14.40 [10.70, 20.90] 14.00 [10.00, 22.00] 0.048
ALT, U/L 16.70 [14.20, 20.50] 16.70 [13.40, 23.70] 0.239 16.70 [13.90, 20.80] 16.40 [13.30, 21.83] 0.035
Type of surgery (%)† 0.413 0.046
  E.N.T 3823 (10.4) 1261 (7.5) 1041 (8.5) 1095 (9.0)
  Thoracic surgery 4113 (11.2) 943 (5.6) 818 (6.7) 865 (7.1)
  Gynecological surgery 1323 (3.6) 397 (2.4) 329 (2.7) 331 (2.7)
  Orthopedic surgery 9556 (26.0) 5087 (30.3) 3700 (30.3) 3672 (30.1)
  Urinary surgery 4266 (11.6) 1155 (6.9) 935 (7.7) 996 (8.2)
  Gastrointestinal surgery 5052 (13.7) 3266 (19.4) 2310 (18.9) 2128 (17.4)
  Hepatobiliary and pancreatic 
surgery

5202 (14.1) 3792 (22.6) 2320 (19.0) 2339 (19.2)

  Others 3477 (9.4) 896 (5.3) 747 (6.1) 774 (6.3)
Duration of surgery, min† 125.00 [80.00, 185.00] 145.00 [95.00, 214.00] 0.248 140.00 [90.00, 205.00] 136.00 [90.00, 200.00] 0.024
Duration of anesthesia, min† 175.00 [125.00, 237.00] 195.00 [145.00, 270.00] 0.268 190.00 [140.00, 260.00] 190.00 [140.00, 

255.00]
0.025

ASA (%)† 0.292 0.018
  I 438 (1.2) 129 (0.8) 103 (0.8) 109 (0.9)
  II 30,615 (83.2) 12,109 (72.1) 9256 (75.9) 9326 (76.4)
  III 5668 (15.4) 4362 (26.0) 2769 (22.7) 2686 (22.0)
  IV 91 (0.2) 197 (1.2) 72 (0.6) 79 (0.6)

Table 1  Baseline patient characteristics between the groups
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Albumin, an abundant plasma protein in the human 
body, is considered a marker of weakness, nutrition, 
inflammation, and functional capacity [21, 22]. Several 
cross-sectional studies have suggested a positive correla-
tion between serum albumin levels and MMSE scores in 
hip fracture and AD patients [23, 24] Previous research 
has indicated that abnormal albumin is a risk factor for 
POD in cardiac surgery patients, and low albumin levels 
are also associated with delirium prediction in non-car-
diac surgery [25, 26]. In our previous study, we also found 
that the albumin-related Prognostic Nutritional Index 
(PNI) can be used to predict postoperative delirium [27]. 
The reason for this association may be that low albumin 
suggests malnutrition, inflammation, and lower levels of 
function in the elderly, all of which are known risk factors 
for POD. Additionally, a study by Jee et al. found a nega-
tive correlation between serum albumin and amyloid-
beta (Aβ) deposition, suggesting that albumin may play 
a role in regulating Aβ levels [24, 28]. Recent research 

Table 2  Association between AFR and POD with logistic 
regression models and PSM analysis
Model ORa 95%CI P
Unadjusted model 2.65 2.40–2.93 < 0.001
Model 1 b 1.98 1.79–2.21 < 0.001
Model 2 c 1.51 1.34–1.70 < 0.001
Model 3 d 1.27 1.13–1.43 < 0.001
Model PSM e 1.32 1.14–1.53 < 0.001
AFR Alb/Fib ratio, POD Postoperative delirium, OR Odds ratio, CI Confidence 
interval, PSM Propensity score matching
a The ORs of AFR ≤ 10.625
b Model 1 adjusted for age, sex, BMI, ASA
c Model 2 adjusted for smoking, and drinking history, diabetes, hypertension, 
cardiovascular disease, cerebrovascular disease, depression, CKD, 
preoperative medication including anticholinergic drugs, antipsychotic drugs, 
benzodiazepines, opium, and NSAIDs, Hb, WBC, Platelet, Glu, TT, PT, Cre, AST as 
well as variables from the previous model 1
d Model 3 adjusted for model 1 plus model 2, as well as intraoperative data 
including type of surgery, duration of surgery and anesthesia, urine, blood loss, 
crystalloid, colloid, blood transfusion, the use of NSAIDs, benzodiazepines, and 
dexmedetomidine, duration of SBP > 140 mmHg and MAP < 60 mmHg
e Model PSM was a multivariable logistic regression

Characteristic Unadjusted sample (n = 53609) PSM adjusted (1:1) (n = 24400)
AFR > 10.625
(n = 36812)

AFR ≤ 10.625
(n = 16797)

SMD AFR > 10.625
(n = 12200)

AFR ≤ 10.625
(n = 12200)

SMD

Type of Anesthesia (%)† 0.194 0.012
  Local anesthesia 74 (0.2) 63 (0.4) 44 (0.4) 44 (0.4)
  Basal and local anesthesia 421 (1.1) 257 (1.5) 180 (1.5) 174 (1.4)
  Intravenous anesthesia 358 (1.0) 121 (0.7) 86 (0.7) 94 (0.8)
  Nerve blocks 1394 (3.8) 1269 (7.6) 751 (6.2) 755 (6.2)
  Intraspinal anesthesia 1112 (3.0) 662 (3.9) 417 (3.4) 423 (3.5)
  General anesthesia 32,403 (88.0) 13,789 (82.1) 10,255 (84.1) 10,263 (84.1)
  General anesthesia combined 
with other anesthesia

1050 (2.9) 636 (3.8) 467 (3.8) 447 (3.7)

Urine, ml† 200.00 [100.00, 500.00] 300.00 [100.00, 500.00] 0.061 250.00 [100.00, 500.00] 200.00 [100.00, 
500.00]

< 0.001

Blood loss, ml† 50.00 [20.00, 200.00] 100.00 [50.00, 200.00] 0.18 100.00 [50.00, 200.00] 100.00 [50.00, 200.00] 0.001
Crystalloid, ml† 1200.00 [1100.00, 

1800.00]
1600.00 [1100.00, 
2100.00]

0.233 1600.00 [1100.00, 
2100.00]

1600.00 [1100.00, 
2100.00]

0.03

Colloid, ml† 500.00 [0.00, 500.00] 500.00 [0.00, 500.00] 0.269 500.00 [0.00, 500.00] 500.00 [0.00, 500.00] 0.021
Blood transfusion (%)† 3477 (9.4) 3159 (18.8) 0.271 1816 (14.9) 1806 (14.8) 0.002
Intraoperative medication (%)
  Droperidol 3316 (9.0) 1682 (10.0) 0.034 1176 (9.6) 1196 (9.8) 0.006
  Glucocorticoid 22,988 (62.4) 10,218 (60.8) 0.033 7543 (61.8) 7454 (61.1) 0.015
  NSAIDs† 18,807 (51.1) 7707 (45.9) 0.104 5801 (47.5) 5838 (47.9) 0.006
  Benzodiazepine† 7828 (21.3) 2590 (15.4) 0.151 1960 (16.1) 1963 (16.1) 0.001
  Dexmedetomidine 4209 (11.4) 2131 (12.7) 0.038 1506 (12.3) 1453 (11.9) 0.013
Duration of SBP > 140 mmHg, min† 5.00 [0.00, 20.00] 10.00 [0.00, 30.00] 0.215 10.00 [0.00, 30.00] 10.00 [0.00, 25.00] 0.029
Duration of DBP > 90 mmHg, min 0.00 [0.00, 5.00] 0.00 [0.00, 5.00] 0.002 0.00 [0.00, 0.00] 0.00 [0.00, 5.00] 0.016
Duration of MAP < 60 mmHg, min† 0.00 [0.00, 0.00] 0.00 [0.00, 0.00] 0.174 0.00 [0.00, 0.00] 0.00 [0.00, 0.00] 0.007
POD (%) 721 (2.0) 845 (5.0) 0.168 366 (3.0) 445 (3.6) 0.036
The data are shown as the median (interquartile range), n (%), or mean ± SD
†Variables included in the propensity score

Abbreviations: AFR Alb/Fib ratio, SMD Standardized mean difference, PSM Propensity Score Matching, BMI Body mass index, COPD Chronic obstructive pulmonary 
disease, CKD Chronic kidney disease, ASA American Society of Anesthesiologists physical status classification system, E.N.T Otolaryngology, ophthalmology, 
stomatology, SBP Systolic blood pressure, DBP Diastolic blood pressure, MAP Mean arterial pressure, WBC White blood cell, Glu Glucose, Cre Creatinine, AST 
Aspartate aminotransferase, ALT Alanine aminotransferase, NSAIDs Non-steroidal anti-inflammatory drugs, TT Thrombin Time, PT Prothrombin Time

Table 1  (continued) 
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has also shown a correlation between Aβ deposition and 
the severity of perioperative delirium [29, 30]. Fibrinogen 
is a multifunctional protein that circulates in the blood 
as a soluble dimer [31]. Recent studies have found that 
fibrinogen has multiple effects on central nervous system 
inflammation activation, induction of brain hemorrhage 
formation, promotion of cognitive decline, and inhibi-
tion of repair [32]. The mechanism involves leakage of 
fibrinogen into the brain when the blood-brain barrier 
is disrupted, leading to glial cell activation, axonal injury, 
inhibition of oligodendrocyte progenitor cell (OPC) dif-
ferentiation and myelin regeneration, binding to Aβ, 
opening the blood-brain barrier by direct interaction 
with brain endothelial cells, inducing astrocytic scar for-
mation, and inhibiting neural dendrite growth [33, 34]. 
Previous research evaluating the proteome of cerebrospi-
nal fluid in patients with delirium identified 16 abnormal 
proteins, including fibrinogen, providing evidence for 
the relationship between fibrinogen and delirium [35]. 
AFR, as the ratio of these two biomarkers, is currently 
widely used for predicting the prognosis of tumors and 

has predictive value in acute pancreatitis and rheumatoid 
arthritis [27, 36, 37]. Additionally, Gao et al. found that 
Fibrinogen/Albumin Ratio (FAR) is an effective indicator 
for predicting the prognosis of triple negative breast can-
cer (TNBC), and its mechanism may be related to chronic 
inflammation promoting tumor progression, while mal-
nutrition aggravates cancer cachexia [38]. Kim KS et al. 
demonstrated that FAR is a feasible and useful marker for 
predicting one-year mortality in critically ill patients in 
the intensive care unit, and its potential factors are still 
related to inflammation, immunity, and nutritional status 
[39, 40]. This further confirmed the association between 
AFR and inflammation and nutritional status, explaining 
the predictive effect of AFR on POD.

Our study has some limitations that deserve consider-
ation. Firstly, the retrospective nature of the study may 
have contributed to a relatively low incidence of POD, 
despite the inclusion of many patients. This may be due 
to low activity-delirium being difficult to diagnose [41]. 
Secondly, our study only focused on preoperative experi-
ments and examined the predictive value of preoperative 

Fig. 3  Distribution of propensity scores in patients with AFR > 10.625 and AFR ≤ 10.625. (A) Before matching. (B) PSM matching. Abbreviations: AFR Alb/
Fib ratio

 

Fig. 2  (A) The Decision Curve Analysis of AFR for POD. (B) The Calibration curve of AFR for POD. Abbreviations: simple model = unjusted model; complex 
model = model 3
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AFR for POD. The changes in AFR before and after sur-
gery may have a better predictive value for POD. More-
over, it remains unclear whether targeted interventions 
for patients with low preoperative AFR can effectively 
reduce the occurrence of POD, which requires further 
exploration in future studies.

Conclusion
To summarize, the preoperative AFR demonstrates pre-
dictive value for POD in non-neurosurgical and non-
cardiac patients. AFR serves as an easily obtainable 
indicator. Considering AFR in preoperative evaluations 
can be a valuable risk stratification strategy for POD, 
potentially leading to a reduction in its incidence among 
these patient populations.
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