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Manuscript: C-reactive Protein-to-Albumin Ratio Adds Independent Prognostic Value to the Clinical Frailty Scale in Older Emergency Department Patients: A Multicenter Cohort Study
TRIPOD Statement (Collins GS, Reitsma JB, Altman DG, Moons KGM. BMJ. 2015;350:g7594.)
This study is a prognostic model development and internal validation in a single multicenter dataset (TRIPOD type 1a — development only, with apparent performance from the dataset used). The cohort design components additionally follow the STROBE statement.

[bookmark: tripod-checklist-22-items]TRIPOD Checklist (22 items)
	Section / Item
	Item No.
	Recommendation
	Where addressed in manuscript

	Title and abstract
	
	
	

	Title
	1
	Identify the study as developing and/or validating a multivariable prediction model, the target population, and the outcome to be predicted.
	Title page — title identifies the study as a multivariable prognostic analysis in older emergency department patients with in-hospital mortality, hospital admission, and ICU admission as outcomes.

	Abstract
	2
	Provide a summary of objectives, study design, setting, participants, sample size, predictors, outcome, statistical analysis, results, and conclusions.
	Abstract (Background / Methods / Results / Conclusions structure with all required elements).

	Introduction
	
	
	

	Background and objectives — context and rationale
	3a
	Explain the medical context (including whether diagnostic or prognostic) and rationale for developing or validating the multivariable prediction model, including references to existing models.
	Background, paragraphs 1–4 — context of older ED patients, prior risk-stratification literature (refs 4–9), CFS and CAR background (refs 10–34), and rationale for combining them.

	Objectives
	3b
	Specify the objectives, including whether the study describes the development or validation of the model or both.
	Background, final paragraph — four objectives explicitly stated, including model development with internal validation in the same dataset (apparent performance).

	Methods
	
	
	

	Source of data — type of study
	4a
	Describe the study design or source of data (e.g., randomized trial, cohort, or registry data), separately for the development and validation data sets, if applicable.
	Methods § “Design and setting” — multicenter retrospective cohort study at three Korean tertiary EDs.

	Source of data — dates
	4b
	Specify the key study dates, including start of accrual, end of accrual, and, if applicable, end of follow-up.
	Methods § “Participants” — accrual 1 August to 31 October 2023; follow-up censored at hospital discharge.

	Participants — setting
	5a
	Specify key elements of the study setting (e.g., primary care, secondary care, general population) including number and location of centers.
	Methods § “Design and setting” — three Korean tertiary academic hospitals (one regional + two local emergency medical centres).

	Participants — eligibility
	5b
	Describe eligibility criteria for participants.
	Methods § “Participants” — age ≥65 years, presented to participating EDs in study window, with documented CFS, KTAS, CRP, and albumin within 1 h of arrival.

	Participants — treatments
	5c
	Give details of treatments received, if relevant.
	Not applicable — observational prognostic study; treatments were per usual care and were not part of the predictive model.

	Outcome — definition
	6a
	Clearly define the outcome that is predicted by the prediction model, including how and when assessed.
	Methods § “Outcomes” — primary outcome in-hospital mortality (ascertained from electronic medical records, defined as death any time between ED presentation and hospital discharge during index admission); secondary outcomes hospital admission and direct ICU admission from ED. Sensitivity outcome 30-day in-hospital mortality.

	Outcome — blinding
	6b
	Report any actions to blind assessment of the outcome to be predicted.
	Outcome ascertainment from electronic medical records was independent of CFS and CAR data, which were captured prospectively at triage and via routine laboratory; outcome assessors were not formally blinded but had no incentive to misclassify.

	Predictors — definition
	7a
	Clearly define all predictors used in developing or validating the multivariable prediction model, including how and when they were measured.
	Methods § “Clinical Frailty Scale assessment”, § “CAR and laboratory data”, § “Triage, vital signs, and mental status” — all predictors defined with measurement timing (CFS at triage; CRP and albumin within 1 h; vital signs and AVPU at triage; KTAS at triage).

	Predictors — blinding
	7b
	Report any actions to blind assessment of predictors for the outcome and other predictors.
	CFS was assessed at triage by trained nurses prospectively, before outcome was known. CAR was calculated from routine laboratory values resulted within 1 h of arrival, before disposition.

	Sample size
	8
	Explain how the study size was arrived at.
	Methods § “Participants” — all consecutive eligible patients during the 3-month accrual window were included (no a priori sample-size calculation; convenience sample). The achieved N = 5,928 with 238 events provides ~17 events per predictor for the 14-predictor full multivariable model, exceeding the conventional minimum of 10 EPV.

	Missing data
	9
	Describe how missing data were handled (e.g., complete-case analysis, single imputation, multiple imputation) with details of any imputation method.
	Methods § “Participants” — complete-case analysis was used to exclude 369 patients (5.9% of eligible visits) with missing CFS, CRP, or albumin. The rationale is given (modest proportion missing; exposure variables themselves were the predominant source of missingness, making imputation conceptually inappropriate). Comparison of included vs excluded patients is provided in Additional File 2, Table S4, and selection-bias implications are addressed in Discussion § “Limitations”.

	Statistical analysis methods
	10a
	Describe how predictors were handled in the analyses.
	Methods § “Statistical analysis” — CFS modelled as a continuous 1-point increment; CAR modelled as log(1+CAR) due to right skew; AVPU dichotomized as Alert vs. altered; KTAS as 3-level categorical (1–2 vs. 3 vs. 4–5); other vital signs as continuous.

	Statistical analysis — model
	10b
	Specify type of model, all model-building procedures (including any predictor selection), and method for internal validation.
	Methods § “Statistical analysis” — multivariable logistic regression. Pre-specified predictors based on clinical relevance (no automated selection). Internal validation by apparent performance in development sample with bootstrap (1,000 iterations) for NRI/IDI confidence intervals.

	Statistical analysis — performance
	10d
	Specify all measures used to assess model performance and, if relevant, to compare multiple models.
	Methods § “Statistical analysis” — discrimination by AUROC with DeLong’s CI and DeLong’s correlated-curves test; reclassification by category-free NRI and IDI; calibration by Brier score.

	Risk groups
	11
	Provide details on how risk groups were created, if done.
	Methods § “Statistical analysis” (pre-specified KTAS 3 subgroup paragraph) and Results § “Intermediate-acuity (KTAS 3) subgroup analysis” — within KTAS 3, a 2 × 2 risk matrix was constructed by cross-classifying frailty status (CFS ≥ 5 vs. < 5) and CAR upper quartile (>7.91 vs. ≤ 7.91), with cohort-derived quartile cut-points reported in Table 1.

	Development vs. validation
	12
	For validation, identify any differences from the development data in setting, eligibility criteria, outcome, and predictors.
	Not applicable — this is a development study only. External validation is identified as a future direction in the Discussion.

	Results
	
	
	

	Participants — flow
	13a
	Describe the flow of participants through the study, including the number of participants with and without the outcome and, if applicable, a summary of the follow-up time. A diagram may be helpful.
	Results § “Cohort characteristics” — 6,297 eligible visits → 369 excluded for missing CFS/CRP/albumin → 5,928 analyzed; 238 in-hospital deaths. Flow shown in Figure 1.

	Participants — characteristics
	13b
	Describe the characteristics of the participants (basic demographics, clinical features, available predictors), including the number of participants with missing data for predictors and outcome.
	Table 1 (baseline characteristics) and Results § “Cohort characteristics”.

	Participants — comparison
	13c
	For validation, show a comparison with the development data of the distribution of important variables (demographics, predictors and outcome).
	Not applicable (development study only).

	Model development — number of participants and outcome events
	14a
	Specify the number of participants and outcome events in each analysis.
	Results § “Cohort characteristics” and Tables 2–4 — N = 5,928; 238 mortality events; 2,916 admissions; 759 ICU admissions. KTAS 3 subgroup N = 4,280; 80 mortality events.

	Model development — unadjusted associations
	14b
	If done, report the unadjusted association between each candidate predictor and outcome.
	Additional File 2, Table S2 — unadjusted CFS and CAR associations for all three outcomes.

	Model specification — full model
	15a
	Present the full prediction model to allow predictions for individuals (i.e., all regression coefficients, and model intercept or baseline survival at a given time point).
	Table 2 — adjusted ORs with 95% CIs and p-values for all 14 covariates in the full multivariable model. Full coefficients available from authors on request.

	Model specification — instructions for use
	15b
	Explain how to the use the prediction model.
	Discussion (paragraph describing the four-cell CFS × CAR risk matrix and its mapping onto bedside dispositions) + Table 5 — risk categories for the KTAS 3 subgroup.

	Model performance
	16
	Report performance measures (with CIs) for the prediction model.
	Tables 2, 3, 4 (overall and KTAS 3 subgroup) — discrimination (AUROC with 95% CI), reclassification (NRI, IDI with 95% CI), and calibration (Brier score).

	Model-updating
	17
	If done, report the results from any model updating (i.e., model specification, model performance).
	Not applicable — single-cohort development; no updating performed.

	Discussion
	
	
	

	Limitations
	18
	Discuss any limitations of the study (such as nonrepresentative sample, few events per predictor, missing data).
	Discussion § “Limitations” — 6 limitations explicitly enumerated: (1) retrospective single-region three-month design, (2) lack of formal CFS inter-rater reliability assessment in this cohort, (3) complete-case selection bias with included-vs-excluded comparison in Additional File 2 Table S4, (4) unmeasured granular comorbidity and inclusivity descriptors with sensitivity analysis using laboratory comorbidity proxies, (5) lack of uniform diagnosis coding precluding diagnosis-specific performance analysis, and (6) absence of external validation and decision-impact evaluation.

	Interpretation — performance
	19a
	For validation, discuss the results with reference to performance in the development data, and any other validation data.
	Not applicable (development study only).

	Interpretation — overall
	19b
	Give an overall interpretation of the results, considering objectives, limitations, results from similar studies, and other relevant evidence.
	Discussion section (continuous prose) — interpretation covers (i) biological complementarity of CFS (chronic axis) and CAR (acute axis); (ii) magnitude of the incremental performance gain, with explicit acknowledgement that the AUC improvement in the overall cohort is modest while the reclassification benefit is substantial, particularly in the intermediate-acuity (KTAS 3) subgroup; (iii) the four-cell risk matrix as a tractable target for prospective validation; and (iv) comparison with prior geriatric ED frailty literature and recent CAR studies.

	Implications
	20
	Discuss the potential clinical use of the model and implications for future research.
	Discussion (paragraphs on the four-cell CFS × CAR risk matrix as a tractable target for prospective validation, transportability to comparable healthcare systems, and the need for prospective external validation and decision-impact evaluation before routine adoption).

	Other information
	
	
	

	Supplementary information
	21
	Provide information about the availability of supplementary resources, such as study protocol, web calculator, and data sets.
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