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Purpose: To determine which frailty method can better improve the predictive ability of the Surgical Apgar Score combined with
American Society of Anesthesiologists physical status classification (SASA).
Patients and Methods: A prospective cohort study was conducted. A total of 194 elderly patients undergoing elective abdominal
surgery were included. Preoperative frailty using FRAIL questionnaire, frailty index (FI), Clinical Frailty Scale (CFS) and SASA
scores was assessed. Primary outcome was in-hospital Clavien-Dindo ≥grade II complications. Multiple logistic regression was used to
examine the association between frailty and complications. Receiver operating characteristic curves were used to explore the predictive
ability of frailty.
Results: According to the FRAIL, FI and CFS criteria, the prevalence of frailty in the study population was 43.8%, 32.5%, and 36.6%,
respectively. After adjusting for all covariates, frailty was significantly associated with postoperative complications in hospital by FRAIL [odds
ratio: 5.11, 95% CI: 1.41–18.44, P = 0.013], by FI [OR: 4.25, 95% CI: 1.21–14.90, P = 0.024] and by CFS [OR: 5.10, 95% CI: 1.52–17.17,
P = 0.008]. The area under the curve (AUC) for SASAwas 0.768 (95% CI: 0.702–0.826). Addition of frailty assessment (FRAIL, FI and CFS)
increased the AUC to 0.787 (95% CI: 0.722–0.842), 0.798 (95% CI: 0.734–0.852), and 0.815 (95% CI: 0.753–0.867), respectively. Compared
to SASA, only addition of CFS had a significant difference (P = 0.0478).
Conclusion: Frailty is an effective predictor of postoperative complications in elderly Chinese patients undergoing elective abdominal
surgery. Frailty assessment of CFS can better improve the predictive ability of SASA.
Keywords: frailty assessment, risk assessment tool, postoperative complication

Background
In 2017, 962 million people were aged 60 years or older worldwide, with nearly one in four of that population living in
China.1 This number is projected to 1.4 billion by 2030 and reaching nearly 2.1 billion by 2050. As the population ages,
the number of older adults undergoing surgery also increases. Postoperative complications were more common with
increasing age.2–4 Postoperative complications in older adults remain a significant cause of increased costs, hospital
length of stay (LOS), patient distress, and reported symptoms.5 Therefore, comprehensive preoperative risk assessment is
imperative for older patients undergoing abdominal surgery. Effective assessment tools can help reduce length of hospital
stay, adverse outcomes, and medical costs.6

Several surgical risk stratification scoring systems have been developed and validated, combining both pre- and
intraoperative factors: The Physiological and Operative Severity Score for the enumeration of Mortality and morbidity
(POSSUM),7 The Portsmouth POSSUM (P-POSSUM),8 The Estimation of Physiologic Ability and Stress (E-PASS)9 and
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The Surgical Apgar Score combined with American Society of Anesthesiologists physical status classification
(SASA).10,11

Kenig et al found that the SASA was better than E-PASS, and P-POSSUM in predicting postoperative 30-day major
morbidity in older patients undergoing abdominal elective cancer surgery.12 Several studies have shown that the inclusion
of frailty assessment as part of risk assessment may improve the accuracy of surgical risk prediction in the elderly.13,14

Therefore, in our study, we chose SASA as the traditional method and introduced frailty score to improve the predictive
ability of SASA. Although frailty as a medical syndrome and its application as a measure of decreased physiologic
reserve are well recognized15,16 and numerous approaches to screen for grading frailty have been proposed, there is no
consensus on which to use.17–19 In Suggestions from Chinese Experts on Preoperative Evaluation of Elderly Patients in
2015, the “FRAIL” scale was recommended, which is very concise but it is not widely used in China. Another commonly
used frailty evaluation method is the FI model developed by Rockwood et al,20 which is conceptualized as
a multidimensional risk state quantifiable by the number of deficit accumulation. Nevertheless, many ICU experts prefer
the Clinical Frailty Scale (CFS).21,22 However, to the best of our knowledge, very few researches have been conducted on
frailty in Asian settings, the differences of predictive ability within different combinations of frailty and traditional risk
tools have not been investigated.

Aims
The purpose of this study was to explore the association between different frailty methods and postoperative complica-
tions after abdominal surgery and compare which frailty evaluation method can better improve the prediction ability of
SASA for postoperative complications of patients undergoing elective abdominal surgery.

Methods
Study Cohort
The present investigation was conducted as a prospective observational study. The study was approved by the Ethics
Committee of Fuxing Hospital (affiliated with Capital Medical University) and conducted in accordance with the
Declaration of Helsinki. Written informed consent was obtained from all participants included in the study. All patients
were older than 65 years and admitted to the General Surgery Department, Urological Surgery Department, or
Gynecology Department of Fuxing Hospital affiliated with Capital Medical University between March 2017 and
August 2019 for elective surgery. Patients suffering from hypothyroidism, Parkinson’s disease, or previous stroke and
those with similar debilitating symptoms due to treatment with carbidopa/levodopa, donepezil, or antidepressants were
excluded. Patients with severe cognitive impairment or mental illness and those who refused to participate, were
bedridden for a long time, were completely incapable of participation, or were unable to undergo frailty assessment
were also excluded.

Frailty Measures
● We selected three different methods to evaluate frailty. One is the FRAIL scale,23 a simple questionnaire containing 5
factors, which the presence of 3 or more factors is considered frail, the presence of 1–2 factors is considered pre-frail, and
no factors present is considered robust. The second is the FI, which is derived from comprehensive geriatric assessment
parameters. 24 According to the scale, the deficits were given some points; the total number in the denominator was 54.
All the variables satisfied the 5 criteria in Searle SD’s study25 in our patient group. FI scores of the patients were
generated after calculating the results by dividing total deficits points to total points of the evaluated deficits, where
a score of ≤0.25 is considered robust, a score of 0.25–0.4 is considered pre-frail, and a score of >0.4 is considered frail.
The third method is the CFS, 21 which has 9 levels separated into 3 three categories: 1–3 is considered robust, 4 is
considered pre-frail, and 5–9 is considered frail. Forty-eight hours prior to surgery, FRAIL, FI, and CFSwere assessed by
two experienced doctors.
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Risk Assessment Tools
SASA is a combination of the Surgical Apgar Score (SAS) with the American Society of Anesthesiologists performance
score (ASA) classification using the following equation: SASA = SAS + (6 − ASA) × 2. SAS was calculated at the end of
surgery from intraoperative data, such as estimated blood loss, lowest intraoperative heart rate, and lowest intraoperative
mean arterial pressure, extracted from handwritten anesthesia records. As shown in Gawande, 11 the score is the sum of
the points from each category. ASA Classification System described in Keats, 26 which were extracted from the
anesthesiologist’s preoperative visit sheet.

Covariates
Data pertaining to the following potential confounding factors were obtained to determine whether frailty was an
independent risk factor for postoperative complications: (1) demographics including age, gender, body mass index
(BMI), education level; (2) preoperative physiological variables, such as Activities of Daily Living (ADL), and Charlson
Comorbidity Index (CCI), presence of malignancy, ASA; (3) surgical variables, including type of surgery, duration of
surgery, and total blood loss.

Outcomes
The outcome measure was in-hospital ≥ grade II postoperative complications, according to the Clavien-Dindo classi-
fication standard.27 This scoring system classifies complications into 5 classes based on the level of intervention
required for treatment of complications. Patients with multiple-grade complications were classified according to the
highest-grade complication. Explicitly, postoperative routine return to ICU was not counted as complication level 4, and
staying in ICU for more than one day because of single or multiple-organ dysfunction was recorded as complication
level 4. The complications were determined and recorded by a clinician who was not aware of the frailty status of the
patients.

Statistical Analysis
Statistical analysis was carried out using SPSS version 26.0. The Kolmogorov-Smirnov test was used to determine the
normality of the quantitative data distribution. Quantitative data were compared using a nonpaired t-test or Mann–
Whitney U-test as appropriate, and χ2 test or Fisher’s exact test was used to assess differences in categorical data.
Logistic regression analysis was performed to assess the association of FRAIL, FI, and CFS with postoperative
complications after the operation. The Hosmer-Lemeshow goodness-of-fit chi-square test and R2 were used to assess
the model fit. The discriminative ability of the criteria to correctly predict adverse outcomes was assessed by calculating
the area under the curve (AUC) of the receiver operating characteristic (ROC) curve. A comparison of the ROC curves
was performed using the method described by DeLong et al.28 A P value of less than 0.05 was considered significant. It
should be noted that in the logistic regression, FRAIL, FI, and CFS were used as the categorical variables, while FRAIL,
FI, and CFS were used as the continuous variables in the ROC.

Results
Baseline Characteristics
We assessed 223 Chinese older patients undergoing major abdominal surgery. Of these, 194 patients qualified the
inclusion criteria and were enrolled in the study. The mean age of patients was 77.0 ± 7.7 years; males accounted for
46.4% of patients. According to FRAIL, FI, and CFS criteria, the prevalence of frailty in the study population was 43.8%,
32.5%, and 36.6%, respectively (Table 1).

Frailty and In-Hospital Postoperative Complications
Among the 194 patients who were included in the final analysis, 29.90% (58/194) had postoperative complications. The
number of patients with grade II, III, IV, and grade V complications was 13, 0, 26, and 19, respectively. According to the
criteria of FRAIL, FI, and CFS, the incidence of complications in the non-frail and frail groups were 17.43% (19/109)
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and 45.89% (39/85), 17.56% (23/131) and 55.56% (35/63), and 16.26% (20/123) and 53.52% (38/71), respectively. The
between-group differences in this respect were all statistically significant (P < 0.001) (Table 2).

Univariate logistic analysis showed that the frailty was associated with postoperative complications regardless
of which criteria were used: FRAIL (OR = 4.02, 95% CI: 2.09–7.72); FI (OR = 5.87, 95% CI: 3.00–11.48); or
CFS (OR = 5.93, 95% CI: 3.04–11.57) (Table 3). Multiple logistic regression analysis was performed to adjust for
potential confounding variables. Model I was adjusted for age and gender; Model II was adjusted for presence of
malignancy, BMI, CCI, ADL, ASA, type of surgery, surgery duration and total blood loss, which was recognized
as a significant predictor of prognosis in univariate analysis; Model III was adjusted for all covariates. On
multiple regression analysis, frailty of each method was found to be a significant predictor of postoperative
complications (Table 4).

Table 1 Characteristics of the Patients at Baseline

Characteristics Total (n=194) FRAIL≥3 (n=85) FI>0.4 (n=63) CFS≥5 (n=71)

Anthropometrics/Demographics
Age (years), mean (SD) 77.0 (7.7) 81.9 (5.2)* 82.1 (5.7)* 81.7 (5.9)*

Male, n (%) 90 (46.4) 33 (38.8) 21 (33.3)* 26 (36.6)*

BMI (kg/m2), mean (SD) 23.8 (2.2) 23.9 (2.2) 23.8 (2.3) 23.7 (2.2)
Education, n (%) * * *

Illiterate 6 (3.1) 4 (4.7) 3 (3.5) 3 (4.2)

Elementary school 45 (23.2) 27 (31.8) 20 (23.5) 24 (33.8)
Junior/senior high school 125 (64.4) 51 (60) 39 (45.9) 43 (60.6)

Undergraduate 18 (9.3) 3 (3.5) 1 (1.2) 1 (1.4)
Type of surgery, n (%)
Gastrointestinal 75(38.7) 30(35.3) 27(42.9) 27(38.0)

Cholecystic 53(27.3) 29(34.1) 20(31.7) 25(35.2)
Epityphlon 31(16.0) 10(11.8) 5(7.9) 6(8.5)

Urinary system 18(9.3) 8(9.4) 5(7.9) 6(8.5)

Gynecology 17(8.8) 8(9.4) 6(9.5) 7(9.9)
Preoperative variables
Presence of malignancy, n (%) * * *

None 107 (55.2) 48 (56.5) 31 (49.2) 35 (49.3)
Primary only 55 (28.4) 17 (20.0) 15 (23.8) 16 (22.5)

Metastases 32 (16.5) 20 (23.5) 17 (27.0) 20 (28.2)

Current smoker, n (%) 18 (9.3) 5 (5.9) 2 (3.2)* 2 (2.8)*
Current drinker, n (%) 12 (6.2) 5 (5.9) 4 (6.3) 4 (5.6)

CCI, mean (SD) 1.7 (1.2) 1.7 (1.3) 2.0 (1.5) 1.9 (1.4)

ADL, median (IQR) 85 (20) 75(10)* 70(15)* 70(15)*
ASA score * * *

2 35 (18.0) 11 (12.9) 8 (12.7) 7 (9.9)

3 154 (79.4) 69 (81.2) 51 (81.0) 60 (84.5)
4 5 (2.6) 5 (5.9) 4 (6.3) 4 (5.6)

Surgical variables
Surgery duration (hours), median (IQR) 1.8(1.1) 1.8(0.8) 1.8(0.9) 1.9(1.0)
Total blood loss (mL), median (IQR) 200 (300) 200 (300) 200 (300)* 200 (300)*

Mean arterial pressure, mean (SD) 73.0 (10.0) 69.5 (10.5)* 68.2 (9.7)* 68.7 (10.6)*

Lowest heart rate, mean (SD) 68.3 (9.8) 71.7 (10.9)* 72.5 (11.4)* 72.1 (11.6)*
SASA, median (IQR) 14(3) 13(2)* 13(4)* 13(3)*

Note: *Significant difference can be seen between frail and non-frail group.
Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; ADL, activities of daily living; ASA, American Society of Anesthesiologists; FI, frailty index; CFS,
clinical frailty scale.
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Comparison of Predictive Ability of Different Frailty Method with SASA
The AUC for SASA was 0.768 (95% CI: 0.702–0.826). FRAIL, FI, and CFS scores effectively predicted the occurrence
of postoperative complications [AUC: 0.684 (95% CI: 0.614–0.749), 0.728 (95% CI: 0.660–0.789), and 0.753 (95% CI:
0.686–0.812), respectively]. The predictive ability of SASA was similar to that of other frailty methods, SASA versus
FRAIL and FI and CFS, for which the P values were 0.1034, 0.4586, and 0.7411, respectively (Figure 1). Irrespective of
which definition was used, addition of the frailty assessment could improve the predictive ability of SASA for
postoperative complications, where AUC increased to 0.787 (95% CI: 0.722–0.842), 0.798 (95% CI: 0.734–0.852),
and 0.815 (95% CI: 0.753–0.867) as determined by FRAIL, FI, and CFS criteria, respectively (Figure 2). However, only
addition of CFS could improve the AUC for predicting postoperative complications significantly (P = 0.0478).
Simultaneously, the model fitting result after addition of CFS assessment to the SASAwas better than other combinations
(Table 5).

Discussions
Within the literature, numerous studies have compared frailty and adverse outcomes in older surgical patients.29,30

Meanwhile, several surgical risk stratification scoring systems have been developed and validated, combining both pre-
and intraoperative factors. However, limited researches have investigated frailty in Asian settings. In addition, no study
has compared the ability of predictivity for postoperative complications between SASA and frailty or compared different
frailty evaluation method to improve the predictivity of SASA.

In this study, we explored the association between frailty and postoperative complications after elective abdominal
surgery in older Chinese patients. To do so, we assessed the effect of the addition of different frailty assessments on the
predictive ability of the SASA score. We found that frailty was a significant predictor of postoperative complications no
matter which method was used, while the CFS assessment could better improve the ability of SASA for predicting
postoperative complications and showed a better model fitting result. Comparatively, CFS is a more simple and effective
method to help surgeons improve the ability of traditional scoring methods to predict prognosis.

Different methods to assess frailty, leading to prevalence rates ranging from 25% to 46%,31 have been reported,
which are comparable to our study. In our research, the incidence rates of frailty assessed using FRAIL, FI, and CFS
criteria were 43.8%, 32.5%, and 36.6%, respectively. These rates are at a higher level than those reported before.
Specifically, the median age of the patients in our study was 79-years-old, which is older than those study,32 and in our
study, the patients planning surgery were often accompanied by poor appetite and mood, who were more likely to be
frail.

In this study, frailty was an independent predictor of postoperative complications in elderly Chinese patients under-
going elective abdominal surgery and remained an independent risk factor for postoperative complications even after
adjusting for factors normally considered to influence prognosis, such as age, co-morbidity, ASA, ADL, and surgical site,
no matter which method was used. This result may help explain the differences in postoperative recovery of elderly
patients undergoing the same surgery at the same age. This result may also suggest that it is more important for surgeons

Table 2 Association Between Frailty Category and In-Hospital Postoperative Complications

Complications/Classification By FRAIL By FI By CFS

Non-Frail Frail P-value Non-Frail Frail P-value Non-Frail Frail P-value

Complications, n 19 39 <0.001 23 35 <0.001 20 38 <0.001

Clavien-Dindo classification, n 0.001 0.002 <0.001
Grade 2 10 3 10 3 12 1

Grade 3 0 0 0 0 0 0

Grade 4 5 21 10 16 5 21
Grade 5 4 15 3 16 3 16
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to be aware of whether patients should be evaluated for frailty, rather than to agonize over which frailty evaluation
method to use.

Traditional scoring methods have been widely utilized for predicting postoperative complications in older
patients.12,33–35 However, it is known that the prognosis of patients depends on their usual general state, preoperative
organ function assessment, and degree of surgical trauma interference. Therefore, in order to improve the predictive
power of the traditional scoring method, we introduced the assessment of frailty of patients’ preoperative general state.
We found that, irrespective of which definition was used, addition of the frailty assessment could improve the predictive
ability of SASA for postoperative complications. Makary et al found that frailty assessment according to Fried criteria

Table 3 Univariate Logistic Regression of Postoperative Complications in
Hospital

Characteristic OR (95% CI) P-value

Demographic
Age 1.03 (0.99, 1.07) 0.164

Gender
Male 1.00 N/A

Female 1.64 (0.87, 3.07) 0.124

Education
Illiterate 1 N/A

Elementary 0.28 (0.05, 1.68) 0.162
Junior/senior high school 0.18 (0.03, 1.03) 0.053

Undergraduate 0.19 (0.03, 1.40) 0.104

Presence of malignancy
None 1.00 N/A

Primary only 2.13 (0.96, 4.73) 0.062

Metastases 30.71 (10.30, 91.55) <0.001
Current smoking status 1.12 (0.38, 3.30) 0.837

Current drinking status 0.84 (0.24, 2.92) 0.789

BMI 1.13 (0.98, 1.31) 0.091
CCI 2.78 (1.66, 4.63) <0.001

ADL 0.96 (0.94, 0.98) <0.001

ASA 2.94 (1.25, 6.94) 0.014
Type of surgery

Gastrointestinal 1.00 N/A

Cholecystic 0.30 (0.13, 0.68) 0.004
Epityphlon 0.14 (0.04, 0.49) 0.002

Urinary system 0.64 (0.22, 1.88) 0.412

Gynecology 0.69 (0.23, 2.07) 0.513
Surgery variables

Surgery duration 1.97 (1.37, 2.83) <0.001

Total blood loss 1.01 (1.01, 1.01) <0.001
SASA 0.33 (0.24, 0.45) <0.001

Frailty status (FRAIL)

Non-frail 1.00 N/A
Frail 4.02 (2.09, 7.72) <0.001

Frailty status (FI)

Non-frail 1.00 N/A
Frail 5.87 (3.00, 11.48) <0.001

Frailty status (CFS)

Non-frail 1.00 N/A
Frail 5.93 (3.04, 11.57) <0.001
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increased the area for three risk indices in predicting complications (American Society of Anesthesiologists (ASA) score,
Lee’s revised cardiac risk index, and Eagle score).36 Kenig et al showed that the combination of the G8 frailty screening
test and the SAS improved the discriminatory ability to identify patients at risk for complication in a population of older
adult in emergency surgical setting.37 The results of these studies were similar but not identical to ours, our study found
that CFS can better improve the prediction ability of SASA for postoperative complications of patients undergoing
elective abdominal surgery. However, the ability of frailty assessment to improve the prognosis prediction of traditional
scoring methods is not as high as that of other previous studies.14 The reason is that some indicators of SASAwe adopted
already have implications for cardiopulmonary storage function. At the same time, our patient population was older, and

Table 4 Multiple Logistic Regression Analysis of In-Hospital Postoperative Complications

Non-Adjusted OR (95% CI)
P-value

Model I OR (95% CI)
P-value

Model II OR (95% CI)
P-value

Model III OR (95% CI)
P-value

Frailtya 4.02 (2.09, 7.72), <0.001 5.37 (2.28, 12.66), <0.001 4.77 (1.35, 16.90), 0.016 5.11 (1.41, 18.44), 0.013

Frailtyb 5.87 (3.00, 11.48),<0.001 7.53 (3.30, 17.22), <0.001 3.88 (1.14,13.22), 0.030 4.25 (1.21,14.90), 0.024

Frailtyc 5.93 (3.04, 11.57),<0.001 7.80 (3.42, 17.80), <0.001 5.02 (1.52,16.56), 0.008 5.10 (1.52, 17.17), 0.008
SASA 0.33 (0.24, 0.45), <0.001 0.31 (0.23, 0.44), <0.001 0.33 (0.21, 0.53), <0.001 0.32 (0.20, 0.51), <0.001

Notes: aFRAIL; bFI; cCFS. Model I:+age and gender; Model II:+ presence of malignancy, BMI, CCI, ADL, ASA, type of surgery, surgery duration, total blood loss; Model III:+all
covariates.

Figure 2 Receiver operating characteristic (ROC) curves showing the predictive ability of three different frailty method+SASA and SASA.

Figure 1 Receiver operating characteristic (ROC) curves showing the predictive ability of three different frailty method and SASA.
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more patients were undergoing palliative surgery; thus, very little interventions could lead to adverse outcomes for
patients. Yet, the addition of CFS could improve the AUC for predicting postoperative complications significantly
(P = 0.0478), whereby the model fitting result after addition of CFS assessment to SASA was better than other
combinations. It is reasonable to suggest that CFS can effectively improve the predictive ability of the traditional scoring
method since it includes both activity ability and mental state, which can describe the overall state of the patient. In
comparison, FRAIL does not consider mental state, while FI includes activity ability, mental state, comorbidities, and
drugs. Although FI can accurately identify frail patients, it leads to poorer feasibility, as the patient’s impatience resulted
in inaccurate evaluation. So in our study, we found that frailty assessment of CFS effectively improved the predictive
ability of the traditional scoring method, it may improve clinical decision-making and the treatment plans optimization.

There are several limitations in our study. Firstly, this study mainly explored the association between frailty and short-
term adverse postoperative outcomes, long-term outcomes were not assessed; Secondly, the sample size was not large
enough; Thirdly, the study involved a single center, since the patients in our hospital were older and sicker, the general
population of elderly patients was not appropriately represented. Multicenter research should be conducted to study the
causal mechanisms and improvement strategy of frailty in the future.

Conclusions
In our study, frailty was a significant predictor of postoperative complications in elderly Chinese patients undergoing
elective abdominal surgery. Incorporation of frailty assessment, CFS can improve the ability of SASA to predict
postoperative complications.
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Table 5 Performance of Risk Assessment Tool and Frailty Assessment Methods in Predicting Postoperative Complications

Cox&Snell R2 Nagelkerke R2 Hosmer-Lemeshow χ2 (P-value) AUC (95% CI) ΔAUC (P-value)★*

SASA 0.194 0.276 10.531 (0.104) 0.768 (0.702, 0.826)
Frailtya 0.082 0.117 4.176 (0.243) 0.684 (0.614, 0.749) ★0.1034
SASA+ Frailtya 0.219 0.310 17.689 (0.024) 0.787 (0.722, 0.842) *0.0186 (0.2802)

Frailtyb 0.119 0.169 22.276 (0.004) 0.728 (0.660, 0.789) ★0.4586
SASA+ Frailtyb 0.236 0.335 16.976 (0.030) 0.798 (0.734, 0.852) *0.0296 (0.1455)

Frailtyc 0.168 0.239 3.805 (0.283) 0.753 (0.686, 0.812) ★0.7411
SASA+ Frailtyc 0.255 0.362 8.637 (0.280) 0.815 (0.753, 0.867) *0.0471 (0.0478)

Notes: aFRAIL; bFrailty index; cClinical frailty score. ★Difference between SASA and any frailty evaluation method. *Difference between SASA and SASA +any frailty
evaluation method.
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