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Introduction: Postoperative delirium (POD) remains one of the most prevalent 
neuropsychiatric complications after deep brain stimulation (DBS) surgery. The 
fibrinogen-to-albumin ratio (FAR) has been shown to significantly correlate 
with the prognosis of many diseases related to inflammation. However, the 
association between FAR and POD remains unclear. We aimed to explore the 
association between POD and FAR in patients with Parkinson’s disease (PD) 
undergoing DBS surgery.

Methods: Patients with PD who underwent DBS surgery in our hospital were 
included in this retrospective study. FAR was calculated from the blood sample 
collected on admission. The association between baseline FAR and delirium 
after surgery was assessed by binary logistic regression analysis, interaction 
analysis, and stratified analyses.

Results: Of 226 patients, 37 (16.4%) suffered from delirium after surgery. The 
average age of the participants was 63.3  ±  7.2  years, and 51.3% were male 
patients. Multivariate logistic regression analysis indicated that patients in the 
highest FAR tertile had a higher risk of POD compared with patients in the lowest 
FAR tertile (OR  =  3.93, 95% CI: 1.24  ~  12.67). Subgroup analysis demonstrated 
that FAR and the preoperative Mini-Mental State Examination score (p  =  0.013) 
had an association with delirium after surgery.

Conclusion: Our data suggest that a higher preoperative FAR was significantly 
associated with delirium after DBS surgery. FAR on admission is a useful 
candidate biomarker to identify patients with PD who are at a high risk of 
delirium following DBS surgery.
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1 Introduction

Parkinson’s disease (PD) is one of the most prevalent degenerative 
diseases in the neurological system and is mostly characterized by 
motor symptoms such as static tremors, muscle rigidity, and 
bradykinesia (1). Currently, dopamine replacement drugs are the 
main treatment for PD. However, it has a limited effect on advanced 
PD (2). Deep brain stimulation (DBS) is a well-known and reliable 
therapy for advanced PD that can improve motor and non-motor 
symptoms (3).

Nevertheless, postoperative delirium (POD) remains a very 
common neuropsychiatric complication following DBS surgery. POD 
is manifested as an acute or ongoing disorder of attention, 
concentration, memory, and learning following surgery (4–6). POD 
has been shown to cause cognitive impairments 3 years after surgery, 
increase economic burdens, decrease mobility after hospital discharge, 
and increase mortality (7–9). In addition, there is insufficient evidence 
on the treatment of POD. Therefore, it is imperative to quickly identify 
the high risk of delirium after surgery and make decisions about 
preventive treatments in patients receiving DBS surgery.

Previous studies have demonstrated that inflammation, abnormal 
coagulation, and nutritional status play a crucial role in the occurrence 
of delirium following surgery (10–12). Recently, a novel combined 
biomarker, the fibrinogen-to-albumin ratio (FAR), was discovered to 
reflect inflammatory, coagulation, and nutritional status. It has been 
proven to be related to the prognosis of infectious disease, malignant 
tumors, and cardiovascular disease (13–15). High FAR was associated 
with adverse cardiovascular outcomes after percutaneous coronary 
intervention (16). In addition, FAR was related to the progression of 
gastric cancer and could predict long-term poor prognosis in patients 
with gastric cancer (17). Moreover, low FAR can improve survival in 
patients with esophageal squamous cell carcinoma (18). However, 
there were no studies evaluating the role of FAR in patients with 
PD. Moreover, the relationship between FAR and delirium after DBS 
surgery in patients with PD remains unclear.

Therefore, we aimed to investigate the relationship between FAR 
and POD. Our study provided a novel method for the early detection 
and perioperative management of delirium following DBS operation 
in patients with PD.

2 Methods

2.1 Study design and patients

The retrospective study of patients with PD undergoing elective 
subthalamic nucleus-DBS (STN-DBS) surgery between January 2021 
and January 2023 was conducted at the Department of Anesthesiology 
of Changhai Hospital. The ethics committee of our hospital approved 
this study (CHEC2020-151). The present study was published in 
clinicaltrials.gov (NCT05833308). The requirement for informed 
consent was exempted by the ethics committee due to the retrospective 
nature of the study.

Patients scheduled to undergo the first DBS operation under total 
intravenous anesthesia were included in this retrospective study. 
Patients aged 55 years or older, having an American Society of 
Anesthesiologists (ASA) physical status I-III, and with unilateral 
STN-DBS surgery were included. Exclusion criteria included 

preoperative delirium, psychiatric symptoms, missing preoperative 
laboratory parameters on fibrinogen or albumin, persistent infectious 
diseases, coagulopathy, and autoimmune illness or malignancies.

2.2 Assessment of delirium and cognitive 
screening

Delirium after surgery was assessed by the confusion assessment 
method (CAM) questionnaire. To diagnose delirium using the CAM 
method, acute onset, fluctuating course, and poor concentration must 
be  present, along with confused thinking or altered state of 
consciousness (19), and CAM has a sensitivity of 94% and a specificity 
of 89% for the identification of delirium (20). Perioperative delirium 
and cognition were routinely assessed for patients with DBS surgery 
in our hospital. A doctor trained for CAM and Mini-Mental State 
Examination (MMSE) questionnaires conducted preoperative 
assessment of delirium and cognition at admission. The doctor 
performed the assessment of delirium using a CAM questionnaire 
twice daily (prior to 10 a.m. and after 5 p.m.) for 3 days after DBS 
surgery in the ward. MMSE was used to evaluate the cognitive 
function 24 h and 72 h after DBS surgery by the same doctor.

2.3 Data collection

The surgical procedure and anesthesia method were consistent 
with previous studies (5, 21). We collected patients’ characteristics, 
including age, sex, ASA Physical Status Classification, body mass 
index (BMI), MMSE scores before surgery, operation time, educational 
level, and medical history (hypertension, diabetes, and coronary heart 
disease). In addition, physiological parameters (leukocyte count, 
lymphocyte count, monocyte count, neutrophil count, hemoglobin, 
platelet, albumin, and fibrinogen) and PD-related symptom scores 
were also recorded before surgery.

PD-related symptom assessment included movement disorder 
society-unified PD rating scale (MDS-UPDRS), non-motor symptom 
scale (NMSS), KINGS Parkinson’s disease pain scale (KPPS), 
Hamilton Anxiety Scale (HAMA), and Hamilton Depression Scale 
(HAMD). Multiple imputation was used to deal with the missing data, 
with missing values of less than 5%. FAR was calculated by fibrinogen 
(g/L)/albumin (g/L) (22).

2.4 Statistical analysis

Participants were allocated into two groups based on delirium 
after surgery. Student’s t-test was used to compare continuous variables 
with normally distributed data, which were presented as 
mean ± SD. Continuous variables with non-normal distribution data 
were described as medians (inter-quartile range) and compared using 
the Mann–Whitney U-test. Categorical variables described as 
frequency (%) were analyzed using the chi-square test. FAR was 
described as tertiles (tertile 1: < 6.3%; tertile 2: 6.3–7.4%; and tertile 3: 
> 7.4%) in the study, which caused more pronounced and explanatory 
risk than continuous variables.

The association between FAR and delirium after surgery was 
constructed by multivariate logistic regression analysis. Variables with 
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a p-value of <0.05 in comparison of baseline characteristics between 
the two groups were selected for model adjustment. There was no 
collinearity in these variables due to the variance inflation factor of <5. 
In model I, no covariate was adjusted. Factors were chosen when their 
p-values of less than 0.05 in the univariate analysis and, when added 
to the model, altered the matched odds ratio by at least 10% in model 
II, including age, diabetes, operation time, and preoperative 
lymphocyte count. All variables with a p-value of <0.05  in the 
univariate analysis were chosen in model III, considering other 
important clinical factors including preoperative MMSE score, NMSS 
score, and UPDRS part 1–3 scores. In addition, we performed the 
analysis of patients without missing data as a sensitivity analysis to 
evaluate the robustness of the results in this study.

Stratified and interaction analyses were applied according to age 
(< 68 or ≥ 68 years), sex (male or female), and preoperative MMSE 
score (< 25 or ≥ 25). The cutoff values for age and MMSE subgroups 
were calculated by Youden’s index. Each stratification was adjusted for 
all factors in model III except for the stratification factor itself. The 
Free Statistics software version 1.7.1 and the software package R were 
used to conduct all statistical analyses. A p-value of <0.05 was 
considered statistically significant.

3 Results

In total, 269 PD patients were identified. After excluding 43 
patients (26 were under the age of 55 years, 15 had undergone prior 
DBS surgery, and two had missing data on fibrinogen or albumin), the 
final data analysis included 226 patients, with 37 patients (16.4%) 
developing POD. The participant flow diagram is shown in Figure 1.

3.1 Baseline characteristics

Table  1 shows the baseline information for all patients. The 
patients’ average age was 63.3 ± 7.2 years, and 51.3% were male 

participants. Compared with patients without delirium, patients with 
delirium after surgery were older (p < 0.001), more likely to have 
diabetes (p = 0.027), had worse perioperative MMSE scores (p < 0.001), 
and had a longer surgical time (p = 0.038). In addition, the patients 
with POD had higher UPDRS part 1, 2, and 3 (on/off state) scores (all 
p < 0.05), higher NMSS score (p = 0.006), and lower lymphocyte count 
(p = 0.036) before surgery than those without POD. Moreover, patients 
with POD had a higher percentage of the third tertile than those 
without POD (p = 0.009). The violin plots also showed that the patients 
with POD had a higher FAR compared with those without POD 
(p < 0.01) (Figure  2). Other variables did not differ between the 
two groups.

3.2 The association between FAR and 
delirium after surgery

Multivariate logistic regression analysis indicated that high FAR 
tertile was independently related to POD. The adjusted OR for high 
FAR (the third tertile) was (OR = 3.96, 95% CI: 1.24 ~ 12.67) compared 
with the first tertile. Moreover, in all three models, it was statistically 
significant (all p for trend <0.05) (Table 2), which showed that FAR 
was positively correlated to delirium after DBS surgery. The results 
were also robust in the sensitivity analysis (Supplementary Table S1). 
In addition, we  found that higher FAR, older age, diabetes, lower 
preoperative MMSE score, longer operation time, and lower 
preoperative lymphocyte count were independently associated with 
POD (Supplementary Table S2).

3.3 Subgroup analysis

Subgroup analysis showed that there was an interaction between 
preoperative MMSE score and FAR (p for interaction = 0.013) on 
delirium after DBS surgery. In addition, the highest FAR tertile was 
independently associated with delirium after surgery in PD patients 

FIGURE 1

Flowchart of the study population.
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TABLE 1 Baseline clinical and laboratory characteristics of the study patients.

POD p

Total (N  =  226) No (N  =  189) Yes (N  =  37)

Age (years) 63.3 ± 7.2 62.3 ± 6.8 68.6 ± 6.5 < 0.001

Male 116 (51.3) 93 (49.2) 23 (62.2) 0.149

BMI (kg/m2) 23.2 ± 3.6 23.0 ± 3.5 24.1 ± 3.9 0.089

ASA physical status 0.104

II 165 (73.0) 142 (75.1) 23 (62.2)

III 61 (27.0) 47 (24.9) 14 (37.8)

Education level 0.316

Illiterate 20 (8.9) 15 (7.9) 5 (13.5)

Primary school 39 (17.3) 30 (15.9) 9 (24.3)

Middle school 117 (51.8) 100 (52.9) 17 (45.9)

Technical secondary school or 

more
50 (22.1) 44 (23.3) 6 (16.2)

Hypertension 59 (26.2) 47 (24.9) 12 (33.3) 0.290

Diabetes 20 (8.9) 13 (6.9) 7 (18.9) 0.027

Coronary heart disease 3 (1.3) 2 (1.1) 1 (2.7) 0.417

Operation time (min) 136.9 ± 16.4 135.9 ± 16.4 142.0 ± 15.7 0.038

MMSE score

Preoperative 27.0 (24.0 ~ 28.0) 27.0 (25.0 ~ 29.0) 24.0 (20.0 ~ 27.0) < 0.001

Postoperative 24 h 26.0 (23.0 ~ 27.8) 26.0 (24.0 ~ 28.0) 18.0 (15.0 ~ 22.0) < 0.001

Postoperative 72 h 26.0 (23.0 ~ 28.0) 26.0 (24.0 ~ 28.0) 20.0 (16.0 ~ 25.0) < 0.001

NMSS score 17.0 (15.0 ~ 19.8) 17.0 (15.0 ~ 19.0) 19.0 (17.0 ~ 21.0) 0.006

KPPS score 9.0 (4.0 ~ 16.0) 9.0 (3.0 ~ 16.0) 9.0 (6.0 ~ 14.0) 0.569

HADM score 12.0 (8.0 ~ 16.0) 11.0 (8.0 ~ 16.0) 12.0 (9.0 ~ 15.0) 0.323

HAMA score 10.0 (7.0 ~ 13.0) 10.0 (6.0 ~ 13.0) 10.0 (7.0 ~ 12.0) 0.774

UPDRS part 1 score 19.0 (15.0 ~ 21.0) 18.0 (15.0 ~ 21.0) 21.0 (18.0 ~ 23.0) 0.002

UPDRS part 2 score 26.0 (22.0 ~ 31.0) 26.0 (21.0 ~ 30.0) 29.0 (25.0 ~ 37.0) 0.002

UPDRS part 3 (off state) score 60.0 (52.0 ~ 72.0) 59.0 (52.0 ~ 70.0) 64.0 (54.0 ~ 81.0) 0.030

UPDRS part 3 (on state) score 26.0 (20.0 ~ 36.0) 25.0 (20.0 ~ 35.0) 33.0 (26.0 ~ 47.0) < 0.001

UPDRS part 4 score 8.0 (6.3 ~ 10.0) 8.0 (6.0 ~ 10.0) 9.0 (7.0 ~ 10.0) 0.865

Preoperative leukocyte count (109) 5.3 (4.6 ~ 6.5) 5.4 (4.7 ~ 6.5) 5.1 (4.4 ~ 6.0) 0.168

Preoperative lymphocyte count 

(109)
1.6 (1.3 ~ 2.0) 1.6 (1.3 ~ 2.0) 1.4 (1.1 ~ 1.8) 0.036

Preoperative monocyte count 

(109)
0.4 (0.3 ~ 0.5) 0.4 (0.3 ~ 0.5) 0.4 (0.3 ~ 0.5) 0.465

Preoperative neutrophil count 

(109)
3.2 (2.7 ~ 3.9) 3.3 (2.7 ~ 3.8) 3.1 (2.5 ~ 4.1) 0.657

Preoperative hemoglobin (g/L) 136.0 (125.0 ~ 149.0) 137.0 (126.0 ~ 150.0) 135.0 (124.0 ~ 145.0) 0.339

Preoperative platelet (109) 202.0 (172.2 ~ 242.2) 203.0 (176.0 ~ 243.0) 190.0 (154.0 ~ 219.0) 0.119

Preoperative albumin (g/L) 43.6 ± 4.2 43.8 ± 4.4 42.7 ± 2.8 0.145

Preoperative fibrinogen (g/L) 3.0 (2.6 ~ 3.4) 3.0 (2.5 ~ 3.3) 3.1 (2.8 ~ 3.6) 0.061

FAR (%) 0.009

First tertile (<6.3) 75 (33.2) 69 (36.5) 6 (16.2)

Second tertile (6.3 ~ 7.4) 75 (33.2) 64 (33.9) 11 (29.7)

Third tertile (>7.4) 76 (33.6) 56 (29.6) 20 (54.1)

Data are reported as mean ± standard deviation, frequency (%), or median (inter-quartile range). POD, postoperative delirium; BMI, body mass index; ASA, American Society of 
Anesthesiologists; MMSE, Mini-mental State Examination; NMSS, non-motor symptom scale; KPPS, KINGS Parkinson’s disease pain scale; HADM, Hamilton Depression Scale; HAMA, 
Hamilton Anxiety Scale; UPDRS, unified Parkinson’s disease rating scale; FAR, fibrinogen-to-albumin ratio.
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with a preoperative MMSE score of <25 (OR = 14.76, 95% CI: 
1.15 ~ 189.86) (Table 3).

4 Discussion

Our study was the first to explore the association between FAR 
and delirium after DBS surgery. The present study showed that 16.4% 
of patients with PD developed POD, and patients with higher FAR, 
older age, diabetes, a lower preoperative MMSE score, a longer 
operation time, and a lower lymphocyte count were susceptible to 

delirium after DBS surgery. In addition, we showed that a high FAR 
level was independently related to delirium after DBS surgery. 
Moreover, it was independently correlated with delirium after surgery 
in PD patients with a low preoperative MMSE score.

Increasing evidence has shown that older age and diabetes are 
independent risk factors for delirium after surgery (23–26). Older 
patients are associated with poor basic conditions and have poor 
cognitive function reserves. Moreover, older age and diabetes are 
related to oxidative stress, which is involved in delirium after surgery. 
Recent studies have shown that a low preoperative MMSE score and 
longer operation time were associated with delirium after surgery 

FIGURE 2

Violin plots demonstrate the differences in the distribution of the FAR levels between non-POD and POD groups. FAR, fibrinogen-to-albumin ratio; 
POD, postoperative delirium. **p  <  0.01.

TABLE 2 Univariable and multivariable logistic regression analyses to assess the association between FAR and delirium after surgery.

Variable Model I Model II Model III

OR (95% CI) p OR (95% CI) p OR (95% CI) p

FAR

First tertile (<6.3) Rf Rf Rf

Second tertile (6.3 ~ 7.4) 1.98 (0.69 ~ 5.66) 0.204 1.53 (0.48 ~ 4.86) 0.468 1.23 (0.36 ~ 4.18) 0.735

Third tertile (>7.4) 4.11 (1.54 ~ 10.92) 0.005 4.39 (1.46 ~ 13.16) 0.008 3.96 (1.24 ~ 12.67) 0.021

p for trend 0.003 0.006 0.014

Model I, adjusted for nothing; model II, adjusted for age, diabetes, operation time, and preoperative lymphocyte count; model III, adjusted for model II, preoperative MMSE score, NMSS 
score, and UPDRS part 1, 2, and 3 scores. FAR, fibrinogen-to-albumin ratio; OR, odd ratio; CI, confidence interval; Rf, reference; MMSE, Mini-mental State Examination; NMSS, non-motor 
symptom scale; and UPDRS, unified Parkinson’s disease rating scale.
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(27–29), which is consistent with our results. Interestingly, the current 
study showed that patients with POD had lower lymphocytes, which 
can contribute to the proinflammatory response, which is a 
mechanism of POD (30).

PD involves both motor and non-motor symptoms due to 
dopaminergic neuron death and α-synuclein aggregation (31). 
Therefore, poor scores on UPDRS and NMSS are associated with 
serious pathological changes and transmitter disorder, as well as 
inflammation response in the central neurological system in patients 
with PD, which may lead to delirium following DBS operation. More 
importantly, our study showed that PD patients with poor motor 
symptoms and non-motor symptoms were more likely to develop 
delirium after DBS surgery, which is in line with a previous study (32).

Currently, numerous animals and clinical studies have reported 
that inflammation induced by surgery or anesthesia plays a pivotal 
role in the pathogenesis of delirium after surgery (33–35). In addition, 
coagulation function and nutrition status were associated with POD 
(36). Serum albumin, with the properties of anti-inflammation and 
nutrition, can prevent the activation and aggregation of platelets to 
alleviate an inflammatory response (37, 38). Furthermore, recent 
studies have shown that serum albumin is associated with prognosis 
in many clinical settings (39, 40). Fibrinogen is a soluble plasma 
protein that is secreted by platelets, hepatocytes, and endothelial cells 
in response to injury. Apart from a key component in the coagulation 
process, fibrinogen is an acute reactive protein associated with 
inflammation, which is associated with microglial activation and 
synaptic elimination (41). Previous studies have found that a high level 
of fibrinogen in peripheral blood could predicate a poor prognosis in 
patients with inflammatory diseases and cancer (42, 43).

Our study showed that patients with delirium after surgery had 
low serum albumin and high levels of fibrinogen. However, there was 
no statistically significant difference between the patients with POD 
and those without POD. FAR, calculated using fibrinogen and 
albumin values, is a comprehensive index that measures the 
nutritional, inflammation, and coagulation status of patients. An 
increasing number of studies have indicated that FAR is related to the 
severity and prognosis of infectious and inflammatory diseases (13, 
44). Consistent with previous studies, our results indicated that a 
higher FAR level was associated with delirium after DBS surgery. 

However, there was no difference between the FAR second tertile and 
the first tertile while assessing the risk for POD, which indicated that 
the threshold of FAR on POD was in the third tertile. In addition, 
we  conducted the threshold effect analysis and found that the 
inflection point of FAR on POD was 8.4%, which was in the third 
tertile. Moreover, when FAR second tertile was taken as a reference, 
we showed that patients with the third tertile had a higher risk of POD 
than those with the second tertile after adjusting for confounders in 
model III (OR = 3.20, 95% CI: 1.13 ~ 9.09). Therefore, the high FAR 
tertile (the third tertile) was independently correlated to POD.

However, the definite causes and pathophysiological mechanisms 
underlying the relationship between FAR and delirium after surgery 
remain unclear. FAR is a comprehensive body reserve involving 
nutrition, liver reserve, inflammation, and coagulation reserve and 
may be  more useful than just one variable in assessing the 
POD. Moreover, FAR is simple, easy to calculate, and convenient for 
clinical use, which is not affected by individual subjectivity.

There are several clinical implications and strengths in the 
results of this study. First, we performed strict statical adjustments 
in investigating the association between FAR and delirium after DBS 
surgery to minimize potential confounders. In addition, FAR can 
be easily and inexpensively applied for the early identification of 
patients with PD at high risk of POD. Therefore, related therapies to 
decrease FAR may improve delirium after surgery. Finally, for the 
first time, our study explored the association between FAR and 
delirium after DBS surgery in patients with PD. The findings of this 
study will be useful in the management of patients with delirium 
after surgery at an early stage and in establishing predictive models 
for POD.

There were some inevitable limitations to the current study. First, 
it was a small sample-sized retrospective study conducted at a single 
center that included patients with PD who had received total 
intravenous anesthesia. Second, the FAR was only recorded once at 
admission. More studies are needed to determine the relationship 
between POD and dynamic changes in FAR following surgery. Third, 
we chose patients with a minimum age of 55 years in our study, which 
affects the generalizability of the results. Finally, to verify the 
association between FAR and POD, larger samples and multi-center 
observational studies are warranted.

TABLE 3 The association between FAR and delirium after surgery in sub-groups.

Subgroup No. of patients FAR p for interaction

<6.3 6.3  ~  7.4 >7.4

Gender 0.452

Female 110 Rf 3.83 (0.31 ~ 47.65) 11.32 (0.87 ~ 147.94)

Male 116 Rf 0.75 (0.13 ~ 4.21) 3.12 (0.66 ~ 14.78)

Age 0.568

Age < 68 162 Rf 1.77 (0.25 ~ 12.44) 4.49 (0.63 ~ 31.92)

age ≥ 68 64 Rf 0.46 (0.07 ~ 3.20) 3.7 (0.62 ~ 21.97)

Preoperative MMSE score 0.013

Preoperative MMSE<25 65 Rf 1.31 (0.09 ~ 19.02) 14.76 (1.15 ~ 189.86)

Preoperative MMSE≥25 161 Rf 2.70 (0.58 ~ 12.52) 2.11 (0.43 ~ 10.44)

ORs (95% CIs) were derived from logistic regression models. Covariates were adjusted as in model III (Table 2). FAR, fibrinogen-to-albumin ratio; MMSE, Mini-mental State Examination; Rf, 
reference.
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5 Conclusion

We found that preoperatively high FAR was an independent risk 
factor for POD in patients with PD undergoing DBS surgery. Thus, 
patients with high preoperative FAR levels should raise the caution of 
anesthesiologists, surgeons, and nurses. More research is required to 
verify our understanding and clarify the role and mechanism of FAR 
in delirium following DBS surgery, particularly with large-sample 
clinical studies.
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