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Purpose: To explore the relationship between the systemic inflammation response index (SIRI) and postoperative delirium (POD) in 
older patients with hip arthroplasty surgery.
Patients and Methods: Older patients who underwent elective hip arthroplasty surgery were included in this retrospective study. 
SIRI, neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) were collected from blood routine examination at 
admission. Binary logistic regression analysis was performed to evaluate the association between SIRI levels and POD was analyzed.
Results: Ultimately, 116 older patients who met the inclusion criteria were assessed. Thirty-four (29%) of 116 patients diagnosed with 
POD were defined as the POD group, and the rest consisted of the Non-POD group. Compared with non-POD patients, POD patients 
showed significantly higher levels of SIRI (P < 0.001) and NLR (P = 0.002) at admission. There was no significance in the levels of 
PLR between two groups. SIRI was independently associated with the occurrence of POD in multivariate logistic regression analysis 
[odds ratio (OR) = 3.34, 95% confidence interval (95% CI) = 1.26–8.85, P = 0.016]. Receiver operating characteristic curve analysis 
indicated that SIRI with an optimal cutoff value of 0.987 predicted the POD with a sensitivity of 88.2% and specificity of 74.4%, and 
the area under the curve was 0.82 (95% CI, 0.74–0.90, P < 0.01).
Conclusion: Preoperative SIRI and NLR levels in the blood are associated with the occurrence of POD. Moreover, preoperative SIRI 
level is a useful candidate biomarker to identify delirium after elective hip arthroplasty surgery in older patients.
Keywords: geriatric, hip arthroplasty, neutrophil to lymphocyte ratio, postoperative delirium, platelet to lymphocyte ratio, systemic 
inflammation response index

Introduction
Postoperative delirium (POD) remains one of most common complication in older patients receiving surgery, which is 
characterized by acute and fluctuating alteration in the level of consciousness and cognition.1 Previous study reported that 
the incidence of delirium after surgery ranges from 20% to 45% among older patients.2 POD is linked to with 
neuropsychiatric symptoms, longer hospital stay, higher medical expenditures and lower in activities of daily living,3–5 

especially in older patients. More importantly, POD can also potentially be associated with the long-term cognitive 
dysfunction, dementia and even an increase in mortality.6,7 Recent study showed that POD is harbinger of postoperative 
cognitive decline which have more significant long-term repercussion on patient health.8 Although pathological mechan-
isms associated with POD have been investigated, its treatment remains a challenge for clinicians.9 Therefore, identifying 
the risk factors of delirium can contribute to the prevention and early recognition of delirium after hip arthroplasty 
surgery in older patients.
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Despite that series of risk scores and predictive model for postoperative delirium have been identified,10–12 easily 
accessible and effective prediction of delirium after surgery remains unknown. Previous clinical and animal studies have 
shown that surgery and anesthesia-induced acute peripheral inflammation and neuroinflammation may lead to delirium 
after surgery.13,14 Mounting evidence has shown that inflammatory markers including elevated neutrophil, monocyte and 
reduced lymphocyte count, have been reported in various clinical setting.15–17 Indeed, elevated neutrophil and reduced 
lymphocyte count has also reported in delirium in older adults.18 Systemic Inflammation Response Index (SIRI) is a more 
easily accessible and comprehensive inflammation marker derived from monocyte, neutrophil, and lymphocyte count, 
which has been investigated to assess the prognosis of cancer and infectious diseases.19–21 However, the relationship 
between SIRI and POD has yet to be investigated.

Therefore, the purpose of this study is to evaluate the association between SIRI and delirium after hip arthroplasty 
surgery in older patients and to examine the value of SIRI on predicting POD. For this aim, the present study was 
conducted to provide a new method for the early recognition and perioperative management of POD in older patients 
who underwent hip arthroplasty.

Materials and Methods
Study Design and Patients
We conducted a retrospective study of patients who underwent elective hip arthroplasty in the Faculty of Anesthesiology 
of Changhai Hospital between March 2019 and October 2019. The Ethics Committee of our hospital approved this study 
(CHE2018-133) which was registered in Clinicaltrials.gov (NCT05797194). All eligible patients gave written informed 
consent.

Eligible patients were scheduled to undergo elective hip arthroplasty under spinal anesthesia (using an Isobaric 
solution of 0.75% bupivacaine 1.5–2 mL) with an anticipated length of stay of at least 3 days and received postoperative 
patient-controlled analgesia. Patients with 65 years of age and above, American Society of Anesthesiologists (ASA) 
physical status I–III, elementary education or above, able to communicate, and Mini-mental State Examination (MMSE) 
scores ≥22 points were included. Exclusion criteria included preoperative delirium, history of nervous system diseases, 
severe mental diseases, chronic infectious diseases, and autoimmune-illness or malignancies.

Data Collection
Baseline characteristics on age, gender, body mass index (BMI), ASA Physical Status Classification, preoperative MMSE 
scores, educational level, operation during, and medical history were recorded in this study. Medical history included 
history of cardiac disease (atrial fibrillation, history of heart failure, valvular disease, coronary artery disease), hyperten-
sion, diabetes mellitus and hyperlipidemia. In addition, neutrophil, lymphocyte, monocyte and platelet were recorded 
from blood routine examination at admission. NLR was calculated as neutrophil count/lymphocyte count, PLR was 
calculated as platelet count/lymphocyte count, and SIRI was calculated as neutrophil count × monocyte count/lympho-
cyte count.19

Assessment of Delirium and Cognition
Delirium assessment was performed at the preoperative baseline visit, then twice daily for 3 days after surgery. Cognition 
assessment was conducted at preoperative visit, 24 h after surgery and 72 h after surgery. The morning and evening 
delirium assessments were made before 10 AM and after 5 PM in the ward. The confusion assessment method (CAM) 
questionnaire and cognition assessment method for MMSE were performed by qualified doctor who trained with CAM 
and MMSE training manual. Patients were determined to have incident postoperative delirium by a positive CAM 
questionnaire after surgery.22 In this study, we used the Chinese mini-mental status (CMMS) test, a Chinese version of 
the MMSE revised by Professor Zhang Mingyuan,23 to assess cognitive function.
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Statistical Analysis
Statistical analyses were performed by the SPSS 23.0 and R 4.1.3 software. Continuous variables with normally 
distributed data were presented as mean (SD) and were compared using Student’s t-test. Mann–Whitney U-test was 
used to compare continuous variables in non-normal distribution data described as medians (quartiles). Categorical 
variables were presented as frequency and χ²-test, or Fisher’s exact test was used to compare differences between 
survivors and non-survivors where appropriate. The optimal cut-off value for SIRI was calculated by receiver operating 
characteristic curve analysis with the highest Youden’s index (sensitivity + specificity – 1) to predict POD. After 
adjusting for confounding factors such as age, gender, BMI, preoperative MMSE scores, education, operation duration 
and ASA Physical Status Classification, the relationship between SIRI, NLR, PLR and POCD was analyzed by binary 
logistic regression analysis using the enter method, P<0.05 was considered statistically significant.

Results
In total, 116 older patients were eligible in the study, where 34 patients (29%) diagnosed with POD were defined as the 
POD group. The rest consisted of the Non-POD group (Supplementary Figure 1).

Baseline Characteristics and Inflammation Indicators
Table 1 shows baseline information for all patients. We found that patients with delirium after surgery had lower 
postoperative MMSE scores than patients without delirium (P < 0.001). Compared with Non-POD group, POD group 
had significantly higher levels of SIRI (P < 0.001) and NLR (P = 0.002). However, there was no difference between two 
groups in other variables. Besides, the violin plots also showed the differences in the distribution of the SIRI levels 
between two groups (Figure 1).

Predictors of Delirium After Surgery
We conducted univariate and multivariate logistic regression analyses in order to investigate the association between 
inflammation indicators and delirium after orthopedics surgery. We found that high level of SIRI was an independent risk 

Table 1 Baseline Characteristics and Inflammatory Parameters of the Study Population

Characteristics POD Group (n=34) Non-POD Group (n=82) P

Age (y), mean ± SD 74.53±7.47 72.67±5.60 0.198
Male, n (%) 18 (52.9) 44 (53.7) 0.944

BMI (kg/m2), mean ± SD 24.44±2.29 24.43±2.69 0.978

ASA (I/II/III) 10/19/5 19/58/5 0.198
MMSE scores

Preoperative, mean ± SD 27.26±1.68 27.15±1.59 0.720

Postoperative 24 h, mean ± SD 25.50±1.80 26.81±1.60 <0.001
Postoperative 72 h, mean ± SD 25.09±2.62 27.50±1.60 <0.001

Education (y), mean ± SD 8.12±3.13 7.93±2.93 0.755

Operation duration (h), mean ± SD 1.61±0.62 1.66±0.68 0.723
Diabetes, n (%) 14 (41.2) 40 (48.8) 0.455

Hypertension, n (%) 6 (17.6) 16 (19.5) 0.816

Hyperlipidemia, n (%) 5 (14.7) 7 (8.5) 0.321
Heart disease, n (%) 6 (17.6) 11 (13.4) 0.557

SIRI (109), median (IQR) 1.43 (1.13–3.18) 0.87 (0.63–1.22) <0.001
NLR, median (IQR) 3.06 (1.91–5.50) 2.09 (1.54–2.89) 0.002

PLR, median (IQR) 121 (92–168) 114 (88–152) 0.387

Abbreviations: POD, postoperative delirium; BMI, body mass index; ASA, American Society of Anesthesiologists; MMSE, 
Mini-Mental State Examination; SIRI, systemic inflammation response index; NLR, neutrophil-to-lymphocyte ratio; PLR, 
platelet-to-lymphocyte ratio; SD, standard deviation; IQR, interquartile range.
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factor for POD (OR = 3.34, 95% CI = 1.26–8.85, P = 0.016) after adjusting for age, gender, BMI, preoperative MMSE 
scores, educational level, NLR and PLR (Table 2).

Receiver operator characteristics curve analysis indicated that the SIRI had the best predictive power for POD among 
the inflammatory indicators, and the area under the curve was 0.82 (95% CI, 0.74–0.90, P < 0.01) (Figure 2). The optimal 
cut-off value for SIRI to predict POD was 0.987 calculated by highest Youden’s index with an 88.2% sensitivity and 
74.4% specificity.

Discussion
In our study, the relationship between SIRI level and POD was investigated for the first time. Our results showed that 
nearly one-third of patients developed POD, and patients with high levels of SIRI and NLR were susceptible to POD. In 

Figure 1 The violin plots demonstrating the differences in the distribution of the SIRI levels between Non-POD and POD groups. 
Abbreviations: SIRI, systemic inflammation response index; POD, postoperative delirium.

Table 2 Univariate and Multivariate Logistic Regression Analysis Showing the 
Independent Predictors of POD

Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Age 1.05 (0.98–1.12) 0.146 1.00 (0.92–1.09) 0.987

Gender 0.97 (0.44–2.17) 0.944 1.08 (0.42–2.82) 0.868
BMI 1.01 (0.86–1.17) 0.978 1.02 (0.84–1.25) 0.814

ASA II 0.62 (0.25–1.57) 0.315 0.75 (0.25–2.25) 0.608
ASA III 1.90 (0.44–8.16) 0.388 2.04 (0.35–11.98) 0.432

Preoperative MMSE scores 1.05 (0.81–1.35) 0.717 1.24 (0.90–1.71) 0.195

Education 1.02 (0.89–1.17) 0.752 1.03 (0.87–1.22) 0.729
Operation duration 0.89 (0.48–1.66) 0.720 1.05 (0.51–2.17) 0.886

SIRI 2.58 (1.56–4.26) < 0.001 3.04 (1.16–7.95) 0.023

NLR 1.43 (1.15–1.79) 0.001 1.03 (0.59–1.78) 0.926
PLR 1.01 (0.99–1.02) 0.598 0.99 (0.98–1.01) 0.317

Abbreviations: POD, postoperative delirium; BMI, body mass index; MMSE, Mini-Mental State Examination; SIRI, 
systemic inflammation response index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; 
OR, odds ratio; CI, confidence interval.
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addition, we found that SIRI > 0.987 was a valuable marker for predicting POD with a sensitivity of 88.2% and 
specificity of 74.4%.

A growing number of studies have shown that preoperative inflammatory mediators were associated with delirium 
after surgery, and surgery or anesthesia-induced inflammation and immune response involved in the pathogenesis of 
POD.24,25 Preoperative dexamethasone administration can reduce the incidence and severity of early cognitive decline 
after surgery by decreasing inflammatory response prompted by surgery.26 Previous studies have shown that NLR was 
related to delirium and cognitive decline after surgery which was consistent with our research.27,28 Neutrophils, 
lymphocytes and monocytes are an important part of peripheral immune system. And the immune inflammatory response 
in the brain, which is driven by proinflammatory cytokines derived from peripheral immune cells, may cause the 
activation of microglial cells resulting in delirium after surgery.29,30 Therefore, as comprehensive inflammation index, 
NLR and SIRI may be better predictive parameters of immunity and inflammatory diseases.

NLR and SIRI are calculated from neutrophils, monocytes and lymphocytes which are major contributors to acute 
inflammation.31 Stress response involved in trauma, surgery and anesthesia can result in activation of peripheral immune 
system, increasing neutrophils and monocytes count as well as lowering lymphocytes count.32 Once activated, neutro-
phils and monocytes can release oxygen-free radicals, chemokines and inflammatory cytokines which might be potential 
mechanisms for POD. In addition, recent studies have shown that SIRI was associated with clinical outcomes in patients 
with stroke.33,34 Furthermore, previous study showed that SIRI was an independent risk factor for mortality in patients 
with acute myocardial infarction.35 In the present study, we found that patients with POD had higher NLR and SIRI 
before surgery. In addition, we showed that preoperative SIRI was a better predictor for delirium after surgery among the 
inflammatory indicators.

Our investigation mainly suggested that older patients with SIRI > 0.987 were more prone to suffering from delirium 
after surgery. In addition, this study added an important evidence on the association between alteration in peripheral 
immune cells and delirium after surgery. Monitoring dynamic changes in NLR and SIRI was an accessible and effective 
method for POD screening and management. Higher preoperative SIRI could give some clinical clues to perioperative 
clinicians in order to early recognition and management of delirium after surgery. This may also provide a new insight 
into the prevention and treatment of POD.

There are some unavoidable limitations in this study. Firstly, we collected a single SIRI and NLR, instead of dynamic 
changes of them, which may contribute to understanding of development for POD. Secondly, this is a single-center study 
recruiting patient with hip arthroplasty only which may result in bias. Thirdly, patients with MMSE < 22 were rejected, 
which affects the generalizability of the results. Fourthly, the sample size calculation was not performed due to the 
retrospective exploratory study. Lastly, multi-center clinical large samples need to verify the value of SIRI on the 

Figure 2 Receiver operating characteristic (ROC) curve for inflammatory parameters as a predictor of POD. 
Abbreviations: SIRI, systemic inflammation response index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

International Journal of General Medicine 2023:16                                                                             https://doi.org/10.2147/IJGM.S427507                                                                                                                                                                                                                       

DovePress                                                                                                                       
5359

Dovepress                                                                                                                                                                Lu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


prediction for delirium after surgery in older patients. Despite these limitations, it is the first study to investigate the link 
between SIRI and POD in older patients with hip arthroplasty surgery.

Conclusion
In summary, our study revealed that the levels of preoperative SIRI and NLR were associated with delirium after hip 
arthroplasty surgery among older patients. More importantly, we found that SIRI was an independent risk factor for 
delirium after hip arthroplasty surgery. Therefore, peripheral immune indicators may provide a measure for initial 
assessment and provide new insights into the prevention and treatment of delirium after hip arthroplasty surgery in 
older patients.
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