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Introduction: The frailty status of older patients undergoing elective orthopedic

surgery significantly influences their surgical benefits. Evaluating the progression

of postoperative frailty assists clinicians in making informed clinical decisions.

The biomarkers systemic immune inflammation index (SII) and systemic

inflammation response index (SIRI), which reflect chronic inflammation and

immune status, may play a positive role in predicting the progression of frailty.

Methods: We conducted a single-center prospective cohort study, including

patients aged 65 and older who underwent elective orthopedic surgery for

chronic degenerative conditions between January 2020 and January 2022.

Basic patient information, laboratory results, and frailty assessments were

collected. LASSO regression was used to identify important predictive variables,

and multivariate logistic regression was employed to assess the associations

between SII/SIRI and frailty progression. Restricted cubic splines (RCS) were

used to detect potential non-linear relationships between them. ROC curves

and AUC values were utilized to assess their predictive performance. Finally, we

presented stratified analyses and interaction tests of covariates.

Results: A total of 546 patients were included, with 109 (19.5%) experiencing

postoperative frailty progression. Multivariate regression analysis revealed that

ln.SII and ln.SIRI were positively correlated with frailty progression in the fully

adjusted model, with odds ratios (OR) of 3.449 and 3.084, respectively. These

findings were consistent across various subgroups. The linear trend between

SII–SIRI pattern/SII/SIRI levels and frailty progression was statistically

significant. However, the RCS curve indicated that the non-linear model

significantly outperformed the linear model. The AUC values for ln.SII, ln.SIRI,

and their combined model were 0.686, 0.710, and 0.723, respectively. The

cutoff values for ln.SII and ln.SIRI were 5.93 and 0.10, respectively.

Conclusion: SII and SIRI can effectively serve as non-invasive preoperative screening

tools for identifying older patients with chronic degenerative orthopedic diseases

who are at high risk of frailty progression following elective surgical procedures.

Clinical Trial Registration: https://www.chictr.org.cn/, identifier

chiCTR1800018840 (Date: 2018-10-13).
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1 Introduction

Frailty is characterized by a decline in the function of multiple

physiological systems, leading to a diminished capacity to adapt to

environmental changes (1, 2). This decline in physical function,

which includes the inability to independently perform activities

of daily living, is particularly prominent among older patients

with orthopedic conditions (3). Many patients often experience a

reduction in mobility, a decrease in physiological reserves, and

even multisystem dysfunction due to the burden of orthopedic

diseases, which can subsequently lead to frailty. These

pathological manifestations may also increase intraoperative risks

and contribute to perioperative and postoperative complications

(4). Therefore, assessing and predicting frailty status prior to

elective orthopedic surgery is crucial for making surgical

decisions, determining the suitability of a patient for surgery, and

selecting the optimal surgical approach (5). For patients

identified as being at high risk of frailty, clinicians can

implement preventive measures in advance to reduce the risk of

postoperative complications, such as improving nutritional status,

managing chronic diseases, or increasing bone density (6).

The primary factor accelerating the progression of frailty is age.

Other risk factors include sedentary behavior, smoking, obesity,

low income, and low educational level (7, 8). Notably,

comorbidities such as osteoporosis or hyperlipidemia have

emerged as independent risk or protective factors for future

frailty progression (9). In terms of indicators reflecting a patient’s

frailty status, nutritional status, gait speed, and grip strength can

effectively reflect the state of frailty (9–13). Furthermore,

substantial evidence suggests that inflammation and immune

dysregulation are associated with frailty (9, 14, 15). The systemic

immune inflammation index (SII) and the systemic inflammation

response index (SIRI) are composite indices calculated based on

routine blood test results, incorporating neutrophil, lymphocyte,

monocyte, and platelet counts. These comprehensive and

innovative inflammatory biomarkers have recently been

proposed, based on immune cell subsets and platelet aggregation

(15–17). These indices have been widely used to study the

associations between chronic inflammatory states and various

human diseases, including cancer, metabolic disorders, and

inflammatory diseases (18, 19). However, their predictive role in

frailty remains unclear.

For the specific population of older patients undergoing elective

orthopedic surgery, understanding whether postoperative frailty

progresses is of greater clinical significance than merely observing

frailty status at a single time point, due to the impact of surgical

trauma and the subsequent rehabilitation period. Currently,

research and evaluation of frailty status in patients following

elective orthopedic surgery are limited, and there is a lack of

effective biomarkers for predicting postoperative frailty progression.

This poses challenges for optimizing surgical decision-making and

perioperative management in older orthopedic patients. This study

aims to investigate the relationship between SII/SIRI and the

progression of postoperative frailty in older patients undergoing

elective orthopedic surgery and to explore their predictive value for

frailty progression.

2 Materials and methods

2.1 Population

In this single-center prospective cohort study, we enrolled

consecutive patients aged ≥65 years undergoing elective

orthopedic surgery (joint replacement or lumbar fusion) for

chronic degenerative conditions (knee/hip osteoarthritis or

lumbar degeneration) between January 2020 and January 2022.

Patients were excluded if they had a history of recent bleeding,

anemia, tumors, immune system disease, or acute trauma.

Patients were randomized into two treatment groups according

to a pre-generated random number table: One group served as

the observation control group (observation group), while the

other group received oral calcitriol 0.25 µg twice daily (bid) for a

duration of 1 year (intervention group). Clinical data and frailty

assessments were collected at patient admission and 3, 6, and 12

months after discharge. Patients who did not complete 1 year of

calcitriol therapy, with cognitive decline and incomplete clinical

follow-up data, were also excluded. All patients provided

informed consent and agreed to participate in the follow-up.

2.2 Methods

This study was registered in the Chinese Clinical Trial Registry

(ChiCTR; clinical trial number: ChiCTR1800018840), which is a

primary register of the WHO International Clinical Trials

Registry Platform (ICTRP). This study was also approved by the

ethics committee of our hospital (2018BJYYEC-031-01), and

informed consent was obtained from all participants.

The surgeries were performed by senior chief physicians at our

center. All patients received standardized enhanced recovery after

surgery (ERAS) protocols during hospitalization, which included

standardized pain management, uniform wound care procedures,

early mobilization, and procedure-specific functional training. At

discharge, all patients were given printed rehabilitation guidelines

and personalized exercise prescriptions.

2.2.1 Study variables
Basic patient information was collected, including treatment

group, gender, age, body mass index (BMI), type of surgery (joint

replacement or lumbar spinal fusion), and past medical history.

Routine preoperative laboratory tests, including red blood cell

count (RBC), hemoglobin (HGB), white blood cell count (WBC),

lymphocyte count (LYMPH), monocyte count (MON), neutrophil

count (NEU), platelet count (PLT), serum total protein (TP),

serum albumin (ALB), blood urea nitrogen (BUN), creatinine

(CREA), and bone metabolism marker tests, including total Type

I collagen amino acid extension peptide (PⅠNP), osteocalcin

(OST), β-CrossLaps (β-Cross), and 25-hydroxyvitamin D (25-OH-

VD), were performed. The SII was calculated using the following

formula: platelet count × neutrophil count / lymphocyte count. The

SIRI was calculated using the following formula: monocyte

count × neutrophil count / lymphocyte count (20). To account for

the positive skewness of this marker, the SII and SIRI values were
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log-transformed to ln.SII and ln.SIRI and analyzed as independent

variables. We measured grip strength using a hydraulic hand

dynamometer (JAMAR Hydraulic Hand Dynamometer, Model

5030J1; Performance Health Supply, Inc., United States). The

participants sat in a chair with their elbows bent at right angles at

their sides. Each hand was tested three times, with 15–30 s

between each trial. The results were averaged, and the average of

the higher grip strengths of the two hands was selected as the

result of grip strength. In accordance with the Asian Working

Group for Sarcopenia (AWGS) 2019, we defined decreased grip

strength in patients whose grip strength was <28 kg for men and

18 kg for women and defined it as a categorical variable (21).

Intraoperative blood loss was visually estimated by calculating the

sum of the blood in suction canisters on surgical drapes and in

gauzes. In addition, postoperative drainage, intraoperative

transfusion status, and the preoperative American Society of

Anesthesiologists (ASA) classification data were also collected.

We assessed frailty using the fatigue, resistance, ambulation,

illness, and loss of weight (FRAIL) scale preoperatively and at

the 3-, 6-, and 12-month follow-ups. The FRAIL scale is a simple

tool used to assess frailty in older adults. The total score ranges

from 0 to 5, with a score of 3 or higher indicating frailty (22). In

this study, we focused on assessing the progression of frailty in

older patients after elective orthopedic surgery. Patients whose

postoperative frailty scores at 3, 6, and 12 months were higher

than their preoperative scores were defined as having frailty

progression. For example, if a patient’s preoperative frailty score

was 2 and their postoperative frailty scores at the three follow-

ups were 4, 5, and 3, respectively, this patient was defined as

having frailty progression. Non-progression was defined as any

postoperative frailty score that was no higher than the

preoperative score.

2.2.2 Statistical methods
All analyses were performed using R (version 4.4.2). A two-

sided hypothesis test was used, with p < 0.05 indicating statistical

significance. Continuous variables that followed a normal

distribution were expressed as means ± standard deviations (SD).

Non-normally distributed continuous variables are expressed as

medians and interquartile ranges [median (Q1, Q3)]. Categorical

variables were expressed as frequency and percentage. For

patients who did not complete the grip strength test,

interpolation was used to handle the missing values. Baseline

characteristics between different groups were compared using the

Kruskal–Wallis H test and Rao–Scott chi-square test, as

appropriate. To categorize participants into different clusters

based on their SII and SIRI measurements, we first scaled the SII

and SIRI data and then applied the k-means method (23).

Categorical analyses of SII and SIRI levels were performed

individually by categorizing patients into four groups based on

the tertiles of ln.SII and ln.SIRI levels. In addition, patients were

divided into three groups (low, medium, and high) based on the

SII–SIRI pattern, which was defined by the k-means algorithm.

Additionally, the least absolute shrinkage and selection

operator (LASSO) regression was used to model and screen the

collected variables for importance. The dependent variable was

the occurrence of postoperative frailty progression, and the

independent variables included treatment group, gender, age,

BMI, RBC, HGB, WBC, LYMPH, MON, NEU, PLT, TP, ALB,

BUN, CREA, PⅠNP, OST, β-Cross, 25-OH-VD, ASA

classification, grip strength decrease, intraoperative blood loss,

postoperative drainage, intraoperative transfusion status, type of

operation, smoking, alcohol use, ln.SII, and ln.SIRI. The optimal

regularization parameter lambda (λ) was selected through 10-fold

cross-validation. The LASSO regression results indicated that

ln.SII and ln.SIRI values were identified as valuable predictive

variables for frailty progression. Subsequently, we utilized ln.SII

and ln.SIRI to construct a logistic regression model. The

diagnostic accuracy of the logistic regression model was evaluated

using the receiver operating characteristic (ROC) curve and the

area under the curve (AUC). The optimal cutoff value was

determined by the maximum Youden index, which balances

sensitivity and specificity. When the variable exceeds this cutoff

value, this suggests a higher likelihood of the patient being

diagnosed with frailty progression.

In the logistic regression model, the crude model was adjusted

for no covariates. The minimally adjusted model was adjusted for

treatment group, gender, age, and type of operation. In addition,

all independent variables were adjusted in the fully adjusted

model, except for the independent variable of interest itself and

the variables required for its calculation. Multivariate logistic

regression models were used to calculate odds ratios (OR) and

confidence intervals (CIs) to assess the associations between SII–

SIRI pattern/SII/SIRI levels and frailty progression.

Furthermore, restricted cubic splines (RCS) were used to detect

potential non-linear relationships between ln.SII/ln.SIRI and frailty

progression in the minimally adjusted model. We also performed

multicollinearity analysis for the independent variables in

minimally adjusted and fully adjusted models. In accordance

with the “events per variable (EPV)” principle in statistics, a

minimum of 10 outcome events is required for each variable

included in the logistic regression analysis (24). Therefore, the

sample size of this study is deemed sufficient.

Finally, stratified analyses by gender (male, female), age (≤74,

>74 years old; grouped by the median age), type of operation

(joint replacement, lumbar spinal fusion), grip strength decrease

(with, without), and treatment group (observation, intervention)

were performed in the minimally adjusted model, as well as

interaction analyses between various stratification factors and

ln.SII/ln.SIRI.

3 Results

3.1 Patient enrollment

A total of 611 patients aged 65 and above underwent elective

orthopedic surgery for chronic degenerative orthopedic diseases

at our center between January 2020 and January 2022. Among

them, 13 patients were excluded due to anemia, tumors, or

immune system diseases. A total of 598 patients were randomly

assigned to either the intervention group (n = 293) or the
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observation group (n = 305). Over the course of the 1-year follow-

up period, 20 patients were excluded due to failure to complete the

follow-up, and an additional 32 patients were excluded for not

completing the intervention treatment. Therefore, 546 patients

were included in this study (354 females, 192 males). A total of

109 patients (20.0%) belonged to the group with postoperative

frailty progression, while 437 patients (80.0%) belonged to the

non-progressive group. The enrollment status of the cohort is

illustrated in Figure 1. The mean follow-up time was 14 months.

There were significant differences in RBC, HGB, WBC, LYMPH,

NEU, PLT, TP, ALB, ln.SII, ln.SIRI, and SII–SIRI pattern

(Table 1). No complications, such as periprosthetic fracture or

postoperative infection, occurred in any of the patients during

the 1-year follow-up period.

3.2 LASSO and logistic regression analysis

The variation of LASSO coefficients with respect to log(λ) was

shown in Figure 2A. The LASSO regression results demonstrated

that the model was most simplified and efficient when the λ

value corresponding to one standard error (1SE) was selected

(Figure 2). Among the various variables included, the ln.SII and

ln.SIRI values were identified as the most valuable predictors for

frailty progression, with coefficient values of 0.101 and 0.166,

respectively. We performed binary logistic regression according

to the two selected variables (ln.SII and ln.SIRI). We found no

multicollinearity between the independent variables (the VIF

value of each variable was <5) in both minimally and fully

adjusted models. In the fully adjusted model, ln.SII and ln.SIRI,

as continuous variables, were consistently positively correlated

with frailty progression, with OR values of 3.449 (95% CI: 2.215,

5.370; p < 0.001) and 3.084 (95% CI: 2.123, 4.481;

p < 0.001), respectively.

When converting the continuous variables ln.SII and ln.SIRI

into categorical variables, a similar positive association still

existed in all adjustment models. The linear trend between SII–

SIRI pattern/SII/SIRI levels and frailty progression was

statistically significant (Table 2). Compared to the lowest-level

group (Q1) of ln.SII and ln.SIRI, the OR values were 6.974 (95%

CI: 3.155, 15.415) and 9.893 (95% CI: 4.330, 22.600) in the

highest-level group (Q4) in the fully adjusted model, all of which

were statistically significant. Similarly, significant results were

observed for the SII–SIRI pattern (medium vs. low: OR = 3.693,

95% CI: 1.951, 6.989; high vs. low: OR = 11.261, 95% CI: 5.064,

25.043). However, in the RCS curve analysis (Figure 3), the

likelihood ratio test indicated that the non-linear model

significantly outperformed the linear model (p < 0.001),

highlighting the importance of RCS curve analysis in our study.

The ROC curves for ln.SII, ln.SIRI, and their combined model

are presented in Figure 4, with AUC values of 0.686, 0.71, and

0.723, respectively. The combined model exhibited a diagnostic

sensitivity of 83.5% and a specificity of 44.2%. The cutoff values

for ln.SII and ln.SIRI were 5.93 (with a sensitivity of 80.4% and a

FIGURE 1

Patient enrollment.
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specificity of 46.4%) and 0.10 (with a sensitivity of 81.4% and a

specificity of 50.6%), respectively.

3.3 Stratified analysis

To further study the roles of potential confounders in the

associations of ln.SII/ln.SIRI with frailty progression, we divided

the patients into subgroups stratified by gender (male, female),

age (≤74, >74 years old), type of operation (joint replacement,

lumbar spinal fusion), grip strength decrease (with, without), and

treatment group (intervention, observation). We found a

consistently positive association between ln.SII/ln.SIRI and frailty

progression in all subgroups. However, we did not find any

significant interactions between ln.SII/ln.SIRI and those potential

confounders (all interaction p > 0.05, Table 3).

4 Discussion

Our study innovatively established postoperative frailty

progression as a defined clinical endpoint. This outcome not

only facilitates evidence-based clinical decision-making but also

effectively mitigates potential confounding effects from transient

functional fluctuations that may occur during individual follow-

up assessments due to factors such as rehabilitation status. Our

TABLE 1 Baseline data of older patients after elective orthopedic surgery.

Variables General population (n= 546) Non-progression (n = 437) Progression (n= 109) p

Treatment group 0.731

Observation 285 (52.2%) 226 (51.7%) 59 (54.1%)

Intervention 261 (41.8%) 211 (48.3%) 50 (45.9%)

Gender (n/%) 0.682

Male 192 (35.2%) 156 (35.7%) 36 (33.0%)

Female 354 (64.8%) 281 (64.3%) 73 (67.0%)

Age (year) 74 (69, 80) 74 (69, 80) 75 (70, 81) 0.150

BMI (kg/m2) 24.97 (23, 27.06) 25 (23.35, 27.12) 24.48 (22.06, 26.44) 0.072

Operation (n/%) 0.573

Joint 220 (40.3%) 173 (39.6%) 47 (43.1%)

Lumbar 326 (59.7%) 264 (60.4) 62 (56.9%)

RBC (*109/L) 4.14 (3.79, 4.44) 4.17 (3.82, 4.45) 4.03 (3.69, 4.28) 0.013

HGB (g/L) 126.17 (117, 136) 127 (118, 137) 123 (113, 132) 0.007

WBC (*109/L) 6.1 (5.11, 7.34) 6.01 (5.01, 7.12) 6.43 (5.43, 8) 0.003

LYMPH (*109/L) 1.68 (1.27, 2.16) 1.76 (1.35, 2.2) 1.42 (1.13, 1.82) <0.001

MON (*109/L) 0.55 (0.45, 0.75) 0.54 (0.45, 0.72) 0.58 (0.46, 0.85) 0.102

NEU (*109/L) 3.58 (2.87, 4.76) 3.5 (2.78, 4.47) 4.45 (3.17, 6.29) <0.001

PLT (*109/L) 202 (167, 240) 201 (165, 234) 211 (182, 250) 0.018

TP (g/L) 64 (61, 68) 64.24 (62, 68) 64 (61, 67) 0.042

ALB (g/L) 38 (37, 40) 38 (37, 40) 38 (36, 40) 0.042

BUN (mmol/L) 5.89 (4.95, 7.32) 5.91 (4.95, 7.3) 5.87 (4.86, 7.44) 0.794

CREA (μmol/L) 65.5 (56, 79) 66 (56, 79) 65 (56, 77) 0.306

PⅠNP (ng/ml) 48.82 (38.77, 62.49) 48.79 (39.18, 61.5) 48.97 (38.27, 64.92) 0.878

OST (μg/L) 14.69 (12.45, 18.25) 14.7 (12.5, 18.26) 14.31 (12.2, 18.24) 0.473

β-Cross (μg/L) 0.53 (0.43, 0.68) 0.52 (0.43, 0.66) 0.55 (0.45, 0.73) 0.087

25-OH-VD (ng/ml) 17.29 (14, 20.74) 17.29 (14.2, 20.8) 17.16 (13.6, 19.87) 0.538

ASA (n/%) 0.241

I, II 463 (84.8%) 375 (85.8%) 88 (80.7%)

III 83 (15.2%) 62 (14.2%) 21 (19.3%)

Decreased grip strength (n/%) 322 (59.0%) 256 (58.6%) 66 (60.6%) 0.791

Blood loss (ml) 200 (100, 400) 200 (100, 400) 200 (150, 400) 0.810

Drainage (ml) 300 (120, 508.54) 300 (120, 500) 240 (100, 630) 0.666

Transfusion (n/%) 192 (35.2%) 160 (36.6%) 32 (29.4%) 0.191

Smoking (n/%) 62 (11) 45 (10) 17 (16) 0.164

Alcohol (n/%) 79 (14) 58 (13) 21 (19) 0.150

ln.SII 6.05 (5.63, 6.52) 5.96 (5.57, 6.38) 6.5 (5.99, 6.94) <0.001

ln.SIRI 0.21 (−0.2, 0.76) 0.09 (−0.29, 0.58) 0.76 (0.18, 1.31) <0.001

SII–SIRI pattern (n/%) <0.001

Low 202 (37.0%) 186 (42.6%) 16 (14.7%)

Medium 241 (44.1%) 191 (43.7%) 50 (45.9%)

High 103 (18.9%) 60 (13.7%) 43 (39.4%)

The p-value is the comparative analysis result between the non-progression group and the progression group, and p < 0.05 indicates that the difference is statistically significant.
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results revealed that significant changes in the SII–SIRI pattern/SII/

SIRI levels are associated with an increased frailty progression risk

in older patients (≥65 years) with chronic degenerative orthopedic

diseases undergoing elective surgery. We also found that the

association between SII/SIRI levels and the occurrence of frailty

progression exhibited a non-linear dose–response relationship.

ln.SII, ln.SIRI, and their combined model demonstrated

considerable predictive value for the postoperative frailty

progression. Therefore, our study provides a non-invasive

preoperative screening method, monitoring SII and SIRI levels

and combining these two indexes in analysis, to identify such

patients early and predict postoperative frailty progression.

Frailty has been shown to be strongly correlated with

sarcopenia, nutritional status, and age (25, 26). The mechanisms

underlying frailty remain unclear, but it is associated with

inflammatory responses and immune aging (27, 28). Our study

indicates that preoperative frailty is not uncommon among

patients undergoing elective orthopedic surgery, with 143

patients (26.2%) identified as frail, surpassing its prevalence in

the general older population in our country (29). We suggest

that this may be attributed to two main factors: First, patients

undergoing orthopedic surgery often experience decreased

mobility due to joint and lumbar diseases, increasing their risk of

frailty; second, the chronic orthopedic conditions may lead to a

state of chronic inflammation or immune activation, facilitating

the onset of frailty (15, 30, 31). The relationship between

immune system changes and frailty involves multiple pathways.

Neutrophils serve as key biomarkers of innate immunity, platelets

may contribute to immune function, and monocytes and

lymphocytes provide extensive information on adaptive

FIGURE 2

Changes in variable correlations in the LASSO regression model. (A) ln.SII and ln.SIR were the two variables where the coefficient curve finally drops

to 0; (B) The optimal value of λ was determined through cross-validation to identify the two most critical variables.

TABLE 2 Linear trend test of ln.SII/ln.SIRI and postoperative frailty progression in older patients after elective orthopedic surgery.

Variables Unadjusted Minimally adjusted Fully adjusted

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

ln.SII 2.828 (2.044, 3.913) <0.001 3.084 (2.154, 4.417) <0.001 3.449 (2.215, 5.370) <0.001

Q1 (≤5.63) 1 1 1

Q2 (5.63, 6.05] 1.645 (0.782, 3.456) 0.189 1.660 (0.788, 3.495) 0.182 1.677 (0.774, 3.635) 0.190

Q3 (6.05, 6.52] 1.825 (0.878, 3.791) 0.107 1.859 (0.894, 3.868) 0.097 1.916 (0.887, 4.140) 0.098

Q4 (>6.52) 6.281 (3.225, 12.235) <0.001 6.785 (3.394, 13.564) <0.001 6.974 (3.155, 15.415) <0.001

Linear trend 1.859 (1.507, 2.295) <0.001 1.885 (1.512, 2.349) <0.001 1.861 (1.443, 2.400) <0.001

ln.SIRI 2.632 (1.961, 3.533) <0.001 2.877 (2.086, 3.966) <0.001 3.084 (2.123, 4.481) <0.001

Q1 (≤−0.20) 1 1 1

Q2 (−0.20, 0.21) 2.062 (0.921, 4.617) 0.078 2.171 (0.962, 4.900) 0.062 2.344 (1.008, 5.446) 0.048

Q3 (0.21, 0.76) 3.117 (1.445, 6.727) 0.004 3.288 (1.510, 7.159) 0.003 3.679 (1.635, 8.280) 0.002

Q4 (>0.76) 8.110 (3.907, 16.831) <0.001 9.302 (4.319, 20.034) <0.001 9.893 (4.330, 22.600) <0.001

Linear trend 1.996 (1.609, 2.477) <0.001 2.074 (1.651, 2.606) <0.001 2.088 (1.626, 2.681) <0.001

SII–SIRI pattern

Low (ln.SII = 5.52, ln.SIRI =−0.39) 1 1 1

Medium (ln.SII = 6.16, ln.SIRI = 0.40) 3.043 (1.673, 5.534) <0.001 3.179 (1.740, 5.809) <0.001 3.693 (1.951, 6.989) <0.001

High (ln.SII = 7.11, ln.SIRI = 1.43) 8.331 (4.378, 15.856) <0.001 9.579 (4.822, 19.027) <0.001 11.261 (5.064, 25.043) <0.001

Linear trend 1.471 (1.152, 1.879) 0.002 1.463 (1.142, 1.873) 0.003 1.554 (1.185, 2.038) 0.001

The minimally adjusted model adjusted for age, gender, treatment group, and type of operation. All independent variables were adjusted in the fully adjusted model, except for the independent

variable of interest itself and the variables required for its calculation.
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immunity (32, 33). SII and SIRI have demonstrated remarkable

efficacy as emerging biomarkers across various diseases (34).

These studies underscore the role of managing inflammatory

markers in older adults with frailty and suggest that emerging

biomarkers such as SII and SIRI may be powerful tools for

assessing and managing health in older patients (35, 36).

Especially, the SII and SIRI are derived from blood cell counts

and are advantageous in that their measurement is low cost, easy,

and highly reproducible in laboratory settings (37).

Our study found that, even among patients who underwent

elective orthopedic surgery and experienced improvements in

mobility, frailty continued to progress in some individuals.

According to the fully adjusted model, the patients with the

highest levels of SII and SIRI were about 6 times and 9 times

more likely to experience frailty progression than patients with

the lowest levels of SII and SIRI. Moreover, patients who

experienced frailty progression had significantly higher

preoperative SII–SIRI/SII/SIRI levels, with a linear relationship

between the OR values and these biomarkers. However, in

further RCS curve analysis, we discovered that the relationship

between ln.SII/ln.SIRI and the frailty progression was more

inclined to be non-linear. This is because the probability of

frailty progression shows a significant increase among the

population with the highest level (Q4) of ln.SII/ln.SIRI (Figure 3,

Table 2). Similarly, patients with high SII–SIRI levels were

approximately 10 times more likely to experience frailty

FIGURE 3

The non-linear relationship between ln.SII/ ln.SIRI and frailty progression. (A) The non-linear relationship between ln.SII and frailty progression. (B) The

non-linear relationship between ln.SIRI and frailty progression.

FIGURE 4

ROC curves for ln.SII, ln.SIRI, and their combined model.
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progression compared with those with low levels. Our findings are

consistent with those of a study using data from the NHANES

database (20) and may support our hypothesis that patients with

high preoperative SII–SIRI levels are more likely to be in a state

of chronic inflammation and immune dysfunction. These

patients may already be in a latent stage of frailty development

before surgery. Although their mobility improved following

elective orthopedic surgery, the trauma from surgery further

exacerbated their frailty status (38).

The ROC curves and AUC values substantiated the predictive

value of ln.SII/ln.SIRI and their combined model for

postoperative frailty progression (Figure 4). We also identified

cutoff values for ln.SII and ln.SIRI of 5.93 and 0.10, respectively.

These cutoff points can assist clinicians in making a quicker and

more intuitive assessment of the likelihood of postoperative

frailty progression in older patients, who are undergoing elective

orthopedic surgery. Although their diagnostic specificity is not

high, these findings still highlight the importance of this study,

which predicts and assesses the frailty progression in patients

through non-invasive perioperative examinations for elective

orthopedic surgery. These findings allow clinicians to improve

patient outcomes through medical interventions, such as

enhancing nutritional status and treating osteoporosis (39).

In the subgroup analysis, we observed a significant positive

correlation between ln.SII/ln.SIRI and frailty progression across all

subgroups, including gender, age, type of operation, grip strength

decrease, and treatment group. Additionally, no interaction effects

were found between these variables, which indicates the

consistency of our findings across different populations. The oral

calcitriol treatment did not have a significant impact on the study

outcomes, possibly due to the extended time period required for

calcitriol treatment to improve patients’ osteoporotic conditions,

which may not be sufficient to significantly affect the frailty status

of patients within a 1-year time frame.

This study has certain limitations. First, our study focused on

older patients undergoing joint replacement and lumbar spinal

fusion, which limits the generalizability of our conclusions to

other populations. Second, due to the influence of osteoarthritis

on walking activities in our study population, we did not include

gait speed, a well-recognized indicator of frailty. In addition, due

to the study design, we were not able to include all the factors

that have been shown to be associated with frailty. This does not

diminish our discovery of the relationship between ln.SII/ln.SIRI

and postoperative frailty progression. In future studies,

incorporating more relevant variables may enhance the accuracy

of the model predicting postoperative frailty progression, and a

multicenter design providing external validation may enhance the

generalizability of our conclusions.

In conclusion, postoperative frailty progression is not uncommon

among older patients undergoing elective orthopedic surgery for

chronic degenerative diseases. The SII and SIRI can serve as

effective non-invasive preoperative screening tools to identify

patients at high risk of frailty progression. This finding provides a

feasible approach to help clinicians implement interventions aimed

at improving the immune inflammation status of older patients,

potentially mitigating frailty progression in this vulnerable population.
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TABLE 3 Stratified analysis of postoperative frailty progression in older patients after elective orthopedic surgery.

Variables Stratification OR (95% CI), p Interaction, p

ln.SII

Gender Male 2.802 (1.595, 4.922), <0.001 0.493, 0.281

Female 3.281 (2.044, 5.267), <0.001

Age ≤74 2.189 (1.237, 3.685), 0.005 1.376, 0.456

>74 2.882 (1.981, 4.583), <0.001

Operation Joint 2.438 (1.568, 3.987), 0.001 1.358, 0.378

Lumber 3.408 (2.008, 5.581), <0.001

Grip strength Normal 2.412 (1.487, 4.296), <0.001 1.511, 0.467

Decrease 2.976 (1.998, 4.678), <0.001

Treatment group Intervention 3.079 (1.923, 4.531), <0.001 1.082, 0.741

Observation 2.618 (1.671, 4.101), <0.001

ln.SIRI

Gender Male 3.149 (2.470, 4.968), <0.001 0.648, 0.412

Female 2.231 (1.474, 3.378), <0.001

Age ≤74 2.621 (1.801, 4.273), 0.001 0.712, 0.453

>74 2.105 (1.476, 3.147), <0.001

Operation Joint 2.315 (1.478, 3.625), 0.001 1.261, 0.498

Lumber 2.888 (1.906, 4.378), <0.001

Grip strength Normal 2.289 (1.378, 3.521), 0.003 1.289, 0.550

Decrease 2.611 (1.807, 3.808), <0.001

Treatment group Intervention 3.011 (2.175, 4.501), <0.001 1.018, 0.864

Observation 2.963 (1.728, 4.236), <0.001
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