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Purpose: Postoperative cognitive decline (POCD) is highly prevalent in elderly patients who received surgery. The systemic immune-
inflammation index (SII) has been shown to be an independent predictor of many diseases associated with inflammation, but the
relationship between the SII and POCD is unknown. We aimed to investigate the association between POCD and SII levels to examine
the potential of SII in predicting POCD in elderly patients.
Patients and Methods: The present study was carried out among elderly patients who underwent elective orthopedics operation in
our hospital, and SII, neutrophil to lymphocyte ratio (NLR), monocyte to lymphocyte ratio (MLR) were calculated from the admission
blood sample. POCD was measured by Mini-mental State Examination (MMSE) in elderly patients. The association between SII
levels and POCD was analyzed by binary logistic regression analysis.
Results: Finally, 19 (25%) of 76 patients were diagnosed with POCD. Compared with Non-POCD patients, POCD patients showed
significantly higher levels of NLR, MLR, SII, especially SII at admission. SII was independently associated with the occurrence of
POCD through the logistic regression analysis. Receiver operating characteristic curve analysis indicated that preoperative SII was
a significant predictor for POCD, and the area under the curve was 0.909.
Conclusion: Our data suggest that preoperative NLR, MLR, SII levels in the blood are related to the occurrence of POCD.
Preoperative SII level is a prognostic biomarker of POCD in elderly patients after orthopedics operation. More clinical studies are
needed to further verify the value of SII in POCD.
Keywords: systemic immune-inflammation index, postoperative cognitive decline, geriatric, neutrophil to lymphocyte ratio,
monocyte to lymphocyte ratio

Introduction
Cognitive decline after surgery can have an important impact on patients’ health, function and prognosis, and the
incidence of postoperative cognitive decline (POCD) is approximately 5% to 40%.1 POCD is characterized by acute or
persistent impairment of concentration, attention, learning and memory after surgery and which has been merged into
a new term “perioperative neurocognitive disorders (PND)”.2 POCD delays patients’ hospitalization time with high
medical expenses and increases perioperative mortality,3 which urges us to find an easily available and valid strategy to
predict POCD among elderly patients.

Previous clinical and animal studies have shown that acute peripheral inflammation was caused by anesthesia or surgery,
followed by neuro-inflammation and synaptic disorder, which can lead to hippocampus-dependent cognitive damages.4–6

A great many of studies have been reported that numerous pro-inflammatory cytokines, for instance, TNF-α, IL-1β, and IL-6
in the peripheral body fluid of patients and animals after surgery were increased significantly.7,8 The pro-inflammatory
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cytokines can destroy the blood–brain barrier by entering the central nervous system and lead to activation of microglia.9 The
activation of microglia may produce inflammatory cytokines and induce the generation of free radicals, which result in
oxidative stress and damage neurocognitive function.10

Although pathological mechanisms have been demonstrated to be associated with PND,11,12 there are no valid clinical
biomarkers to predict occurrence of PND. SII is a derivative and new inflammatory biomarker, derived from neutrophil,
lymphocyte and platelet counts, which was used to evaluate the outcome of patients who were suffered from solid
cancers and coronary heart disease.13,14 However, the value of SII in POCD of elderly patients is still unclear. Therefore,
this study aimed to investigate the association between POCD and SII levels in order to examine the ability of SII in
predicting POCD.

Materials and Methods
Study Population and Setting
We selected 76 aged patients over 65 years old who underwent elective orthopedics operation in the Faculty of
Anesthesiology of Changhai Hospital for a prospective clinical study. The study was approved by the Ethics
Committee of Shanghai Changhai Hospital (Shanghai, China) (CHEC2018-133) and published in Clinicaltrials.gov
(number: NCT03765840) and obtained the written informed consent of all patients.

Patients underwent orthopedics surgery under spinal anesthesia and received postoperative patient-controlled analge-
sia (PCA). The inclusion criteria included: over 65 years old, orthopedics, American Society of Anesthesiologists (ASA)
physical status I–III, the educational level of primary school or above, a negative Clock drawing experiment, and MMSE
scores≥22 points. The exclusion criteria included: over 85 years old, a history of nervous system diseases, severe
psychiatric diseases, autoimmune-illness, persistent infectious diseases, acute inflammation or malignancies.

Clinical Measurement and Laboratory Tests
Patients’ demographic characteristics (such as age, gender, education) and vascular risk factors (such as hypertension,
diabetes mellitus, hyperlipidaemia, heart disease) were recorded in this study. Cognitive function was determined by
the MMSE scores before surgery, on the first day and third day after surgery. As depicted in previous studies, POCD
was diagnosed when the MMSE score was lower than 1.5 standard deviations (SD) compared with the baseline
score.15

On the next morning after admission, the trained nurses collected all blood samples by heparinized tubes and the
samples were tested by clinical laboratory technicians in a hospital. Neutrophil (N), lymphocyte (L), monocyte (M),
platelet (P) were recorded and NLR was calculated as neutrophil count/lymphocyte count, MLR was calculated as
monocyte count/lymphocyte count, and SII was calculated as platelet count × neutrophil count/lymphocyte count.16

Statistical Analyses
All statistical analysis was performed by SPSS 23.0. Student’s t-test was used to compare continuous variables in
normally distributed data described as mean (SD) while Mann–Whitney U-test was used to compare continuous variables
in non-normal distribution data described as medians (quartiles). Categorical variables represented as frequency and
percentages were compared using χ2 test or Fisher’s exact test. After adjusting for confounding factors such as age,
gender, body mass index (BMI), preoperative MMSE scores and education, the relationship between NLR, SII, MLR and
POCD was analyzed by binary logistic regression analysis, P<0.05 was considered statistically significant.

Results
Patients’ Characteristics and Inflammatory Parameters
We collected demographic data for all patients in Table 1. 19 patients who underwent elective orthopedics operation
developed POCD and were defined as the POCD group. The rest consists of the Non-POCD group. There was no
difference between the two groups in ASA Physical Status Classification, cardiovascular risk factors, gender, preopera-
tive MMSE scores, age, education, duration of operation, BMI. POCD group had significantly lower postoperative
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MMSE scores compared with Non-POCD group. And POCD group had significantly higher levels of SII, NLR and MLR
compared with Non-POCD group.

Predictors of the Occurrence of POCD
We performed univariate and multivariate logistic regression analyses to determine the independent predictors of the
presence of POCD. The SII, NLR and MLR correlated with POCD. After adjusting for age, gender, BMI, preoperative
MMSE scores, education, high SII levels were an independent risk factor for the presence of POCD (Table 2). Receiver
operator characteristics curve (ROC) analysis revealed that the SII had the best predictive power for POCD among the
inflammatory parameters and the area under the curve (AUC) was 0.909 (95% CI, 0.842–0.975, P<0.01) (Figure 1). In
addition, we added age, gender, education and BMI to the ROC analyses and found that the predictive power of SII in
POCD was unchanged (Supplementary Figure 1).

Discussion
POCD is one of the most common postoperative complications in older patients, which caused remarkable clinical, social
and economic impacts on patients and their family.17 As there are few treatments for POCD, it is essential to identify
high-risk patients. Therefore, it is very important to find a biomarker that can easily predict the presence of POCD. In the
present study, the association of increased SII and POCD was demonstrated for the first time. Additionally, the SII, NLR,
and MLR correlated with POCD. More importantly, high SII levels were an independent risk factor for the presence of
POCD.

Table 1 Baseline Characteristics of the Study Population

Characteristics POCD Group (n=19) Non-POCD Group (n=57) P

Age (years) 73.89±4.16 71.89±5.49 0.15

Male(%) 10(33.3%) 20(66.7%) 0.28

ASA (I/II/III) 4/12/3 14/40/3 0.39

BMI(kg/m2) 23.32±3.43 24.49±3.04 0.16

Education (years) 8.05±3.61 8.47±3.06 0.62

MMSE scores

Preoperative 26.63±1.92 27.26±1.62 0.17

postoperative day 1 23.58±1.98 25.95±1.36 <0.01

postoperative day 3 25.84±1.64 26.84±1.65 0.03

Operation duration (h) 1.69±0.74 1.68±0.73 0.95

Diabetes 4 9 0.86

Hypertension 5 25 0.28

Hyperlipemia 0 5 0.32

Heart disease 1 5 0.62

SII(109) 934 (643–1065) 388 (270–531) <0.01

NLR 5.14 (3.41–7.49) 2.12 (1.45–2.86) <0.01

MLR 0.47 (0.39–0.66) 0.27 (0.20–0.35) <0.01

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; MMSE, Mini-Mental State
Examination; SII, systemic immune-inflammation index; NLR, neutrophil/lymphocyte ratio; MLR, monocyte/lymphocyte
ratio; POCD, postoperative cognitive decline.
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More and more evidence, mainly from animal models of PND shows that the innate immune system is involved in the
peripheral inflammatory response caused by trauma, and the circulating pro-inflammatory cytokines enter the central
nervous system through a disrupted blood–brain barrier resulting in neuro-inflammation.9 Neutrophils, lymphocytes and
monocytes are subtype of white blood cell in the blood. These cells have been shown to play an important role in
mediating the peripheral and central inflammatory response, and to be involved in the regulation of immunity and

Figure 1 Receiver operating characteristic (ROC) curve for systemic immune-inflammation index as a predictor of POCD.

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

Univariate Multivariate

95% CI 95% CI

OR Lower Upper P OR Lower Upper P

Age 1.078 0.973 1.196 0.151 1.112 0.939 1.317 0.217

Gender 0.486 0.17 1.393 0.179 1.907 0.34 10.694 0.463

BMI 0.884 0.743 1.051 0.163 0.992 0.755 1.304 0.954

Education 0.958 0.808 1.134 0.616 0.937 0.715 1.23 0.641

Preoperative MMSE scores 0.805 0.593 1.094 0.166 0.928 0.569 1.515 0.766

SII 1.006 1.003 1.009 <0.01 1.005 1.001 1.009 0.026

NLR 2.572 1.623 4.075 <0.01 1.517 0.643 3.582 0.342

MLR×10 2.023 1.396 2.932 <0.01 1.142 0.595 2.191 0.689

Abbreviations: BMI, body mass index; MMSE, Mini-Mental State Examination; SII, systemic immune-inflammation index; NLR, neutrophil/lymphocyte
ratio; MLR, monocyte/lymphocyte ratio; POCD, postoperative cognitive decline; OR, odds ratio; CI, confidence interval.
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inflammation resulting in cognitive dysfunction.18–20 Platelets have an important role in the regulation of immunity and
inflammation, which may contribute to cognitive disorder.21 As mentioned above, derivatives of neutrophils, lympho-
cytes, monocytes and platelets, NLR, MLR and SII may be a better predictive parameter of immunity and inflammatory
diseases.

Previous studies have demonstrated the NLR, MLR and SII were useful in predicting the inflammatory process in
heart diseases and solid cancers.13,14 In clinical studies, it has been found that increased SII was an independent
predictor of survival in patients with invasive vulvar cancer.22 However, although the relationship between inflamma-
tion and the pathogenesis of PND has been discussed for a long time, there are few studies related to PND on this
topic. In our study, we found that POCD group had higher NLR, MLR and SII compared with Non-POCD group.
Moreover, we found that the preoperative SII levels had the best predictive power for POCD among the inflammatory
parameters.

Our study mainly demonstrated that patients with higher SII were more prone to developing POCD. In order to
diagnose and treat POCD, it was easy and cost-effective for POCD screening and management to monitor their dynamic
changes of NLR, MLR, especially SII. Higher preoperative SII could provide some diagnostic and prognostic clues for
anesthesiologists to identify early POCD in patients undergoing elective orthopedics surgery, so as to better prevent and
treat it. This will also help study how the immune-inflammatory response participates in psychiatric illness, so as to
promote our understanding of the pathogenesis of these neurodegenerative diseases.

The current research also has some unavoidable limitations. Firstly, this is a small-sample single-center prospective
study, and patients who had received orthopedics surgery were only included in our study. Secondly, we only recorded
the NLR, MLR and SII once at admission. The association between POCD and dynamic changes in blood index after
surgery requires further study. Thirdly, our study did not set a control group, and we also failed to collect the values of
SII, NLR and MLR in patients before they became ill. Therefore, the normal range of them was unknown and it was
unclear whether the SII, NLR and MLR of the Non-POCD group were normal or high, which requires further studies.
Lastly, in order to determine whether the present risk factor has high predictive power, multi-center clinical large samples
and observational studies need to be done.

Conclusion
Our study found that high NLR, MLR and SII level were related to cognitive decline among the patients receiving
orthopedics operation, and preoperative SII was an independent risk factor for POCD in elderly patients. Therefore,
anesthesiologists, surgeons and nurses should be more cautious about patients with high preoperative SII level. In
conclusion, the SII, a cheap, universal and easily evaluable marker in the peripheral blood, may be useful predictor for
POCD. More investigations, especially large-scale clinical studies, are needed to elucidate our views and clarify the role
and mechanism of SII in patients with POCD.
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