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	Item no.
	Checklist item
	Location reported

	Abstract

	1
	a
	Identify that the study attempts to emulate a target trial using observational data. State the study objectives and briefly summarize the specified target trial.
	This study aimed to estimate the causal effect of early albumin administration on mortality in critically ill children with severe hypoalbuminemia, using a target trial emulation framework. The Pediatric Intensive Care (PIC) database was used as the data source. Key findings: early albumin use (within 24h) in children with albumin <30 g/L was associated with reduced 7-day mortality (HR 0.42; 95%CI 0.24-0.74; P = 0.003).

	
	b
	Report the data sources used for emulation.
	The study utilized the Pediatric Intensive Care (PIC) database, a large single-center database from the Children's Hospital of Zhejiang University School of Medicine (2010-2019).

	
	c
	Summarize key assumptions, statistical methods, findings and conclusions.
	Key assumptions: (1) no unmeasured confounding after adjustment (E-value = 4.21); (2) correct model specification; (3) positivity with stabilized and truncated IPTW weights. Statistical methods included inverse probability of treatment weighting (IPTW), doubly robust (DR) estimation, Cox models for mortality, logistic regression for new-onset sepsis, and quantile regression for ICU LOS. Sensitivity analyses used alternative albumin thresholds (<35 g/L) and treatment windows (48h).

	Introduction

	2
	Background 
	Describe the scientific background of the study and the gap in knowledge.
	Hypoalbuminemia is highly prevalent in critically ill children and has been widely established as an independent predictor of mortality across multiple international cohorts. However, whether albumin supplementation can improve survival remains unclear, as adult randomized trials (SAFE, ALBIOS) primarily evaluated albumin as a fluid resuscitation strategy rather than hypoalbuminemia correction. Pediatric evidence is even more limited. The 2020 SSC pediatric sepsis guidelines and the 2024 ICTMG albumin guidelines identify albumin correction in children with hypoalbuminemia as a critical evidence gap.

	3
	Causal question
	Summarize the causal question.
	Among critically ill children with severe hypoalbuminemia (albumin <30 g/L) admitted to the PICU, does early albumin administration within 24 hours reduce Short-term all-cause mortality compared with no early albumin administration?

	4
	Rationale
	Describe the rationale for emulating a target trial with the available data. Cite randomized trials informing the design of the target trial if applicable.
	Randomized trials evaluating albumin therapy in critically ill children are lacking. Existing adult RCTs (SAFE, ALBIOS) primarily evaluated albumin as a fluid resuscitation strategy rather than hypoalbuminemia correction, and did not conduct subgroup analyses among patients with hypoalbuminemia. Pediatric observational studies consistently identify low albumin as an independent mortality predictor but do not assess treatment effects. Target trial emulation provides a framework to estimate causal effects from observational data where RCTs are absent or infeasible.

	Methods

	5
	Data sources
	Cite the data sources contributing to the analyses and for each one describe the following: original purpose, type, the geographic locations, setting and time-period. If relevant, describe how the data were linked or pooled.
	PIC (Pediatric Intensive Care) database, version 1.1.0. Single-center database from the Children's Hospital of Zhejiang University School of Medicine (2010-2019), comprising de-identified clinical data including demographics, diagnoses, laboratory tests, medications, and survival outcomes.

	6
	Target trial specification
Specify the components of the target trial protocol that would answer the causal question.
	
7
	Target trial emulation
Describe how the components of the target trial protocol were emulated with the observational data, including how all variables were measured or ascertained. 
	Location item 6 (specification) reported
	Location item 7 (emulation) reported

	
	Eligibility criteria          
	Eligibility criteria  
	Inclusion: age <18 years; first albumin <30 g/L within 24 h of PICU admission. Time zero = first qualifying albumin measurement. Exclusion: albumin before time zero; no follow-up; indeterminate treatment/death timing; missing all baseline labs. Primary analysis uses a 24 h landmark design: only patients alive and under observation through the 24 h treatment assignment window are included.
	Emulation mirrors target trial eligibility. Primary analysis uses 24 h landmark design: only patients alive and under observation at 24 h after time zero are included, because complete observation of the 24 h treatment assignment window is required for exposure classification. Time zero = first qualifying albumin measurement (not PICU admission).

	
	a 
	Describe the eligibility criteria.
	
	a
	Describe how the eligibility criteria were operationalized with the data.
	
	

	
	Treatment strategies
	
	Treatment strategies
	Strategy 1: albumin >=1 dose within 24 h of time zero. Strategy 2: no albumin within 24 h of time zero.
	Strategy 1: albumin >=1 dose within 24h of time zero. Strategy 2: no albumin within 24h of time zero.

	
	b
	Describe the treatment strategies that would be compared.
	
	b
	Describe how the treatment strategies were operationalized with the data.
	
	

	
	Assignment procedures
	
	Assignment procedures
	Target trial: randomly assigned at time zero, open-label, mortality as objective outcome.
	Measured confounding adjusted via propensity score methods: logistic regression PS estimation, stabilized IPTW (truncated at 1st/99th percentile). Main analysis: doubly robust estimator (IPTW + outcome-model adjustment for covariates with residual SMD >0.1). PSM reserved for balance assessment and supplementary analyses.

	
	c
	Report that eligible individuals would be randomly assigned to treatment strategies and may be aware of their treatment allocation.
	
	c
	Describe how assignment to treatment strategies was operationalized with the data.
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	Follow-up
	
	Follow-up
	Follow-up start = time zero (first albumin <30 g/L). Follow-up end = earliest of death, discharge, or 28 days after time zero.
	Emulation follow-up mirrors target trial: starts at time zero (NOT PICU admission). Ends at death, discharge, or 28 days post-time-zero.

	
	d
	Clarify that follow-up would start at time of assignment to the treatment strategies. Specify when follow-up would end.
	
	d
	Clarify that follow-up starts at the time individuals were assigned to the treatment strategies. Describe how the end of follow-up was operationalized with the data.
	
	

	
	Outcomes
	
	Outcomes
	Primary: 7-day and 28-day all-cause mortality. Secondary: new-onset sepsis (after time zero); ICU LOS among survivors (death as competing event).
	Primary: 7-day and 28-day all-cause mortality. Secondary: new-onset sepsis (after time zero); ICU LOS (survivors only).

	
	e
	Describe the outcomes.
	
	e
	Describe how the outcomes were operationalized with the data.
	
	

	
	Causal contrasts
	
	Causal contrasts
	Primary causal contrast: treatment-initiation effect. Effect measures: HR (mortality), OR (new-onset sepsis), median difference (ICU LOS), all reported with 95% CIs and P values.
	DR estimation via stabilized IPTW + outcome model adjustment. Effect measures: HR (mortality), OR (new sepsis), median difference (ICU LOS). All reported with 95% CIs and P values. E-value assessed sensitivity to unmeasured confounding.

	
	f
	Describe the causal contrasts of interest, including effect measures.
	
	f
	Describe how the causal contrasts were operationalized with the data, including effect measures.
	
	

	
	Identifying assumptions
	
	Identifying assumptions
	Target trial identifying assumptions: (1) randomization eliminates baseline confounding; (2) well-defined interventions ensure consistency; (3) objective mortality outcome not subject to ascertainment bias. Key prognostic variables: age, sex, vasoactive drug use, admission infection, baseline albumin.
	PS covariates: demographics (age, sex, ICU type), severity (vasoactive drugs, admission infection, pre-admission surgery), labs (albumin, lactate, platelet, creatinine, CRP, WBC, AST, total bilirubin, PH, base excess, Na, K, glucose), medications (corticosteroids, sodium bicarbonate, diuretics, antibiotics). 

	
	g
	Describe assumptions that would be made to identify each causal estimand. Describe the variables, if any, related to these assumptions.
	
	g.i
	For each causal estimand, describe assumptions made to identify it, including assumptions regarding baseline confounding due to lack of randomization.
	
	

	
	
	
	
	g.ii
	Describe how the variables related to these assumptions were operationalized with the data
	
	Operationalization of variables for each assumption: PS model covariates included 23 baseline variables (demographics, laboratory values, ICU type, medications, comorbidities). IPTW weights were computed as stabilized weights (p/PS for treated; (1-p)/(1-PS) for untreated). DR adjustment covariates were identified using SMD >0.1 threshold after PSM, using expanded baseline table with multi-category variables (age groups, ICU types) and Mahalanobis distance-based SMD.

	
	Data analysis plan
	
	Data analysis plan
	Cox proportional hazards model estimating treatment-initiation effect via doubly robust estimator. PH assumption: Schoenfeld residuals. Secondary: logistic regression (new-onset sepsis), quantile regression & Gamma GLM (ICU LOS). Missing data: PMM multiple imputation; variables with >25% missingness excluded.
	 DR estimator: stabilized IPTW-weighted Cox PH + further adjustment for covariates with residual imbalance (SMD >0.1) after weighting. Robust sandwich variance estimators throughout. Schoenfeld residuals confirm PH. Missing covariates handled by PMM multiple imputation; variables with >25% missingness excluded. Bootstrap SE (1,000 resamples) for non-Cox models.

	
	h
	For each causal estimand, describe the data analysis procedures and any associated statistical modelling assumptions, including approaches for handling missing data.
	
	h.i
	For each causal estimand, describe the data analysis procedures and any associated statistical modelling assumptions, including approaches for handling missing data.
	
	

	
	
	
	
	h.ii
	For each causal estimand, describe any additional analyses conducted to assess the sensitivity of the results to the choice of operationalizations, assumptions and analysis.
	
	Sensitivity analyses: (1) Alternative albumin threshold: <35 g/L instead of <30 g/L, N=4,240; (2) Extended treatment window: 48h instead of 24h, N=1,609. Results showed the protective effect was specific to the severe hypoalbuminemia group at the early window, with effects attenuating at relaxed thresholds and extended windows. Subgroup analyses by vasoactive drug use, age, infection status, and sex were performed. E-value analysis quantified robustness to unmeasured confounding (E-value=4.21). Negative control outcome analysis and dose-response assessment provided additional validation.

	Results

	8
	Participant selection
	Report numbers of individuals assessed for eligibility, eligible, and assigned to each treatment strategy. A flow diagram is strongly recommended.
	Results, Figure 1. Of the PIC database admissions, 1,649 patients met inclusion criteria for the main analysis (374 early albumin, 1,275 control). Exclusions included: prior albumin treatment before time zero, death within 24h treatment window, missing all baseline data, and indeterminate treatment/death timing. See flow diagram (Figure 1) for complete participant selection.

	9
	Baseline data
	Describe the distribution of characteristics of individuals at baseline, by treatment strategy.
	Baseline characteristics after IPTW weighting are presented in supplementary tables. Before adjustment, the albumin group had higher rates of vasoactive use (32.9% vs 9.0%), antibiotic use (68.7% vs 19.2%), and corticosteroid use (29.1% vs 3.2%). After IPTW weighting, most covariates achieved acceptable balance (SMD <0.1). Residual imbalance in covariates with SMD >=0.1 was further adjusted in the doubly robust outcome model.

	10
	Follow-up
	Summarize length of follow-up and describe reasons for end of follow-up for each treatment strategy and causal contrast.
	Results. Follow-up continued until death, hospital discharge, or 28 days after time zero. In the main analysis, 7-day mortality: 101/1,649 (6.1%). Median ICU LOS: 9.3 days (IQR 3.3-29.6) albumin group vs 10.6 days (IQR 1.9-35.9) control. All patients had complete follow-up for mortality (in-hospital records).

	11
	Missing data
	Describe the frequency of missing data in all variables, by treatment strategy when applicable.
	Missing data primarily affected post-treatment albumin measurements (only 38% of albumin users had post-treatment values). Missing covariates were handled using predictive mean matching (PMM) multiple imputation under the missing-at-random assumption. Variables with >25% missingness were excluded from the propensity score model.

	12
	Outcomes
	Describe the frequency or distribution of each outcome, by treatment strategy.
	In the main analysis, 7-day mortality occurred in 26/374 (7.0%) in the albumin group vs 75/1275 (5.9%) in the control group. 28-day mortality: 43/374 (11.5%) vs 104/1275 (8.2%). New-onset sepsis: 29/374 (7.8%) vs 79/1275 (6.2%). Due to the DR framework, weighted outcomes are reported rather than crude frequencies for the primary analysis.

	13
	Effect estimates
	Report the effect estimates for each causal contrast with corresponding measures of precision, including both absolute and relative measures of effect, when applicable.
	Results, Table 2, Figure 2. DR-weighted analysis: early albumin associated with 58% reduction in 7-day mortality (HR 0.42; 95%CI 0.24-0.74; P = 0.003). E-value = 4.21. Sensitivity 1 (alb <35 g/L): HR 0.64 (95%CI 0.39-1.05; P = 0.075). Sensitivity 2 (48h window): HR 0.87 (95%CI 0.40-1.91; P = 0.746). 28-day mortality: HR 0.79 (95%CI 0.45-1.36; P = 0.393). New-onset sepsis: OR 0.84 (95%CI 0.49-1.42; P = 0.506). ICU LOS: median difference 5.32 days (95%CI 1.85-8.79; P = 0.003).

	14
	Additional analyses
	Report results of all analyses to assess the sensitivity of the estimates to choices in operationalizations, assumptions and analysis.
	Results, Supplementary Figures SF3a, SF3b, ST3. Subgroup: strongest effect in patients without vasoactive drugs (HR 0.17; 95%CI 0.04-0.70; P-interaction = 0.045). Other subgroups (age, sex, infection, corticosteroids, lactate, platelet) showed consistent direction without significant interaction. Post-hoc 48h landmark: delta-Alb >0 associated with 7-day mortality (0/57 vs 11/83, Fisher P = 0.003). IPTW-weighted: HR 0.70 per 1 g/L delta-Alb (95%CI 0.65-0.75; P < 0.001). RCS: P-overall = 0.012; P-nonlinear = 0.071.

	Discussion

	15
	Interpretation
	Provide an interpretation of the key findings.
	Discussion. Based on TTE with DR estimation, early albumin within 24h of time zero in children with severe hypoalbuminemia (alb <30 g/L) was associated with reduced 7-day mortality (HR 0.42; 95%CI 0.24-0.74; P = 0.003). The protective effect showed threshold/time-dependent gradient, attenuating with relaxed criteria. To our knowledge, this is among the first pediatric studies using TTE for this question, addressing a gap between biomarker evidence and absent RCTs.

	16
	Limitations
	Discuss the limitations of the study considering differences between the target trial and its emulation and the plausibility of assumptions, including assumptions regarding baseline confounding due to lack of randomization.
	Discussion. Limitations: (1) observational design cannot fully eliminate residual confounding (E-value = 4.21 provides partial reassurance but not RCT equivalence); (2) single-center PIC database limits generalizability; (3) post-treatment albumin data available in only 38% of treated patients (selection bias); (4) delta-Alb analysis is exploratory due to non-random recheck. Consistent gradient across sensitivity analyses supports internal validity.

	Other information

	17
	Ethics
	Provide the institutional research board or ethics committee that approved the study and approval numbers, if relevant.
	This study was conducted using the publicly available PIC database, which contains fully de-identified patient data. Access to the PIC database requires completion of a data use agreement and completion of the CITI Data or Specimens Only Research course.

	18
	Registration 
	State whether, when and where the study protocol was registered.
	This retrospective observational study using a publicly available database was not prospectively registered as a clinical trial.

	19
	Sharing of study materials
	Provide information on whether data, analytic code and/or other materials are accessible, and where and how they can be accessed.
	The PIC database is publicly available at http://pic.nbscn.org/ after completing required training and data use agreements. 

	20
	Funding sources
	Provide the sources of funding and detail the role of the funders in the design, conduct and reporting of the study.
	This study was supported by [to be completed]. The funders had no role in study design, data analysis, interpretation, or manuscript preparation.

	21
	Conflicts of interest
	State any conflicts of interest and financial disclosures for all authors.
	The authors declare no conflicts of interest.
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