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	Date
	Revision Description
	Reason

	2025-02-20
	We added supplementary subgroup analysis for the primary outcome according to delivery room (DR) intubation status.
	To explore whether the treatment effect differs between infants who did and did not receive DR intubation.

	2025-07-30
	We replaced generalized estimating equations with mixed-effect logistic regression model for the second sensitivity analysis.
	The prespecified generalized estimating equations model failed to converge.

	2025-07-30
	We added risk difference estimates by generalized estimating equations with an identity link and binomial distribution in the primary analysis, sensitivity analysis and subgroup analysis for the primary outcome.
	The risk difference directly quantifies the absolute difference between the prophylactic caffeine administration group and therapeutic caffeine administration group, which was used in sample size calculation.

	2026-06-01
	Gestational age (weeks) and birth weight (grams) were replaced with z‑score of birth weight as covariates.
	To reduce multicollinearity between gestational age (weeks) and birth weight (grams) as suggested by reviewers.

	2026-07-02
	Blood transfusion was added in sensitivity analysis 3 as a covariate.
	To account for its potential confounding effect, as infants with greater disease burden typically require more frequent transfusions, as suggested by reviewers.

	2026-08-07
	Patent ductus arteriosus was added in sensitivity analysis 3 as a covariate.
	To account for its potential confounding effect, as it is a common postnatal complication reflecting greater disease burden, as suggested by reviewers.
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1. [bookmark: _Toc445473839][bookmark: _Toc516384738][bookmark: _Toc111888836][bookmark: _Toc518364120][bookmark: _Toc17718218][bookmark: _Toc83017945][bookmark: _Toc161764641][bookmark: _Toc519407549][bookmark: _Toc518190603][bookmark: _Toc516385189][bookmark: _Toc516386404][bookmark: _Toc83019235][bookmark: _Toc237275463][bookmark: _Toc83019904][bookmark: _Toc519058021][bookmark: _Toc516308278][bookmark: _Toc519058380][bookmark: _Toc186114339][bookmark: _Toc185738174]INTRODUCTION
This trail aims to determine whether prophylactic caffeine administration of caffeine to VPIs can reduce the incidence of bronchopulmonary dysplasia (BPD) or death and to examine the factors related to its use and effectiveness in a randomized clinical study. We hypothesize that prophylactic caffeine administration of caffeine will reduce BPD or death at postmenstrual age (PMA) 36 weeks when compared with the therapeutic use of caffeine for apnea in very and extremely preterm infants.

2. [bookmark: _Toc518190604][bookmark: _Toc83019905][bookmark: _Toc111888837][bookmark: _Toc519058022][bookmark: _Toc17718219][bookmark: _Toc397247451][bookmark: _Toc83017946][bookmark: _Toc396792312][bookmark: _Toc519058381][bookmark: _Toc518364121][bookmark: _Toc161764642][bookmark: _Toc185738175][bookmark: _Toc393528150][bookmark: _Toc516386405][bookmark: _Toc395579684][bookmark: _Toc445473840][bookmark: _Toc395667452][bookmark: _Toc237275464][bookmark: _Toc397145168][bookmark: _Toc519407550][bookmark: _Toc496405855][bookmark: _Toc395580781][bookmark: _Toc83019236][bookmark: _Toc516384739][bookmark: _Toc516385190][bookmark: _Toc516308279][bookmark: _Toc186114340]STUDY OBJECTIVES AND OUTCOMES
2.1 [bookmark: _Toc237275465]Study Objective
The trial will aim to investigate whether administering caffeine prophylactically to very preterm infants within 24 hours of birth prevents BPD.

2.2 [bookmark: _Toc445473844][bookmark: _Toc237275466][bookmark: _Toc161764646][bookmark: _Toc111888841]Outcomes
[bookmark: _Toc445473845][bookmark: _Toc161764647][bookmark: _Toc237275467][bookmark: _Toc111888842]2.2.1 Primary outcome
The primary outcome is the composite occurrence of death and/or BPD at 36 weeks’ PMA. BPD is defined as the requirement for supplemental oxygen or ventilation support at 36 weeks PMA. 
· [bookmark: _Hlk161007191]Description:
[bookmark: _Hlk161081164]This is a composite outcome that includes death and/or BPD at 36 weeks’ PMA. BPD is defined as the requirement for supplemental oxygen or ventilation support at 36 weeks PMA. Infants discharged before the BPD evaluation period on room air is defined as having no BPD, and those receiving respiratory support before the evaluation period are defined as BPD. The primary outcome will be defined as “occurred” if either death or BPD at 36 weeks’ PMA occurs.
· Time Frame: from the confirmation of birth to discharge.
· Type: binary variable (Yes / No).

[bookmark: _Toc237275468][bookmark: _Toc445473846][bookmark: _Toc111888843][bookmark: _Toc161764648]2.2.2 Secondary outcomes
(1) The occurrence of duration of mechanical ventilation (days)
Type: continuous variable.
(2) The occurrence of duration of noninvasive ventilation (days)
Type: continuous variable.
(3) The occurrence of total duration of oxygen supplementation (days)
Type: continuous variable.
(4) The occurrence of number of blood transfusions 
Type: continuous variable.
(5) The occurrence of late-onset sepsis
Type: binary variable (Yes / No).
(6) The occurrence of necrotizing enterocolitis
Type: binary variable (Yes / No).
(7) The occurrence of necrotizing enterocolitis surgery
Type: binary variable (Yes / No).
(8) The occurrence of intraventricular hemorrhage (grade 3 or 4)
Type: binary variable (Yes / No).
(9) The occurrence of retinopathy of prematurity
Type: binary variable (Yes / No).
(10) The occurrence of retinopathy of prematurity surgery
Type: binary variable (Yes / No).
(11) The occurrence of medical costs
Type: continuous variable.
(12) The occurrence of hospital stay
Type: continuous variable.




2.2.3 [bookmark: _Toc237275469]Exploratory outcomes
(1) The occurrence of death before discharge
[bookmark: _Hlk161009098]Type: binary variable (Yes / No).
(2) [bookmark: _Hlk161007514]The occurrence of BPD
Type: binary variable (Yes / No).
(3) Variations in BPD classifications according to the Neonatal Research Network (NRH) in 2019.
Type: binary variable (Yes / No).
(4) The occurrence of re-intubation
Type: binary variable (Yes / No).
(5) The occurrence of mechanical ventilation
Type: binary variable (Yes / No).
(6) The occurrence of total duration of ventilation support (days)
Type: continuous variable.
(7) The occurrence of surfactant in NICU
Type: binary variable (Yes / No).
(8) The occurrence of postnatal steroids
Type: binary variable (Yes / No).
(9) The occurrence of patent ductus arteriosus
Type: binary variable (Yes / No).
(10) The occurrence of medicine treatment for patent ductus arteriosus
Type: binary variable (Yes / No).
(11) The occurrence of ligation of for patent ductus arteriosus
Type: binary variable (Yes / No).



2.2.4 [bookmark: _Toc237275470]Safety outcomes
(1) The occurrence of adverse events
Type: binary variable (Yes / No).

[bookmark: _Toc237275471]2.2.5 Case ascertainment and case definitions
BPD is defined as the requirement for supplemental oxygen or ventilation support at 36 weeks’ PMA. Infants discharged before the BPD evaluation period on room air is defined as having no BPD, and those receiving respiratory support before the evaluation period are defined as BPD. The case will be ascertained if either death or BPD at 36 weeks’ PMA occurs.

3. [bookmark: _Toc237275472][bookmark: _Toc161764650]STUDY DESIGN
3.1 [bookmark: _Toc111887766][bookmark: _Toc112076500][bookmark: _Toc111883927][bookmark: _Toc112075240][bookmark: _Toc111883886][bookmark: _Toc111888845][bookmark: _Toc111888745][bookmark: _Toc112096377][bookmark: _Toc111887725][bookmark: _Toc161764651][bookmark: _Toc237275473]Design
This study is a prospective, single-center, randomized controlled trial.

3.2 [bookmark: _Toc237275474]Trial Sites
This trial will be conducted in the neonatal intensive care unit (NICU) at the Shanghai First Maternity and Infant Hospital.

3.3 [bookmark: _Toc237275475]Trial Population
VPIs (gestational age [GA] < 32+0 weeks) will be eligible for the study if they will be (1) inborn in this hospital, (2) will require respiratory support and (3) will be admitted to the NICU within 24 h of birth. Of note, the original study protocol in the timing of identifying eligible neonates and obtaining parental consent will be amended from within 6 to 24 h for better patient enrolment in 2016. Nevertheless, it will be determined to obtain informed parental consents as soon as it will be appropriate for logistic reasons as proposed in the original protocol.
Preterm neonates will be ineligible if they are diagnosed perinatally with major congenital anomalies, neuromuscular disorders, metabolic diseases, or severe gastroesophageal reflux. Parental refusal to participate or infants who will die before day 3 of life due to discharge against medical advice will also be excluded.
This project has been reviewed and approved by the Ethics Committee of Shanghai First Maternity and Infant Health Hospital. Parents will sign an informed consent form before their infants are enrolled on admission.

[bookmark: _Toc237275476]3.4    Randomization and Blinding
A research team (FT and YD) who will not be involved in the infant’s care will undertake randomization and the intervention. Permuted block randomization with a block size of 4 will be performed according to whether the gestational age (GA) is < 28+0 weeks or ≥ 28+0 weeks. YD will generate randomization sequence numbers and intervention allocations via a computer-generated code. Once FT obtains the consent from the parent, the admission information will be sent to YD for randomization and preparation of the medications (2 mL in a syringe, either caffeine citrate or normal saline). Once the consent form is signed, participants will be randomly assigned to the early caffeine prophylactic administration (PCA) group or the therapeutic caffeine administration group (TCA). 
The solution of caffeine will be prepared with normal saline into same volume and is colorless and transparent. A nurse will response to prepare the solutions supervised by YD and allocate the solution to the bedside nurse and use it after check all needed the information. Except JQL, YD and the nurse who prepare the solution, other staff and parents will be blinded of the treatment.

[bookmark: _Toc237275477]3.5    Interventions
Experimental arm: PCA intervention 
Infants in the PCA group received an intravenous loading dose of caffeine citrate (2 mL) (20 mg/kg, Peyona, Chiesi Farmaceutici Spa, Parma, Italy) within first 24 h after birth followed by a daily maintenance dose of 10 mg/kg intravenously or enterally. 
Control arm: TCA intervention 
Infants in the TCA group were administered 2 mL of normal saline within 6h of life once the consent form was signed and did not receive caffeine until a clinical diagnosis of apnea was made according to clinical symptoms. Caffeine administration remained identical to the PCA group (20 mg/kg loading dose followed by 10 mg/kg daily maintenance), ensuring consistent therapeutic management across study arms.
Infants in both the PCA and TCA groups were treated equally thereafter. Caffeine treatment was first attempted to be discontinued at 34 weeks’ PMA. The discontinuation was considered to be successful when the infants exhibited no apnea with 7 days after the last dose of caffeine.

[bookmark: _Toc237275478]3.6    Sample Size Calculation
The trial planned to recruit 152 participants for each arm to detect at a significance level (α) of 0.05 and a power of 0.8. Based on data regarding neonatal outcomes in very preterm (24–31 weeks) and very low birth weight (401–1500 g) infants from the International Network for Evaluating Outcomes of neonates 1 and the national data in England and Wales 2, the incidence of BPD or death was approximately 35%–45% in most high-income countries. In addition, in the CAP study, the incidence of BPD in the caffeine group decreased by approximately 13% compared with the placebo group (36.3% versus [vs.] 46.9%) in very preterm neonates with birth weights of 500 g to 1250 g. In the present trial, based on different research populations and the baseline survey of BPD incidence in the authors’ hospital, the calculation was based on an expected primary outcome occurrence of 40% in the TCA group and 25% in the PCA group, with a 15% difference in risk between the 2 arms. A 10% allowance was incorporated to account for potential attrition, resulting in the decision to expand the sample size to 170 infants per arm.

4. [bookmark: _Toc161764656][bookmark: _Toc237275479]ANALYSIS POPULATIONS
4.1 [bookmark: _Toc237275480][bookmark: _Toc111888853][bookmark: _Toc161764657]Study Population Data Sets
Two study populations will be considered in the analysis as follows:
· Intent-to-Treat (ITT) population
ITT population will be defined at the moment the randomization was performed. 
· Per protocol (PP) population 
PP population will only include participants who received the treatments according to the protocol. Specifically, 
· Participants of the PCA group: will be considered non-compliant with the preconception intervention if they are deviated from the trial protocol to the TCA group.
· Participants of the TCA group: will be considered non-compliant with the preconception intervention if they are deviated from the trial protocol to the PCA group.
· Participants in both groups will not be included in the PP population if any one of the following three events occurs: (1) postnatal diagnosis of osteopetrosis, (2) esophagotraheal fistula, (3) parents or caregivers choose to terminate treatment and take the infants out of the hospital before the treating physicians recommended discharge.
[bookmark: _Toc112075250][bookmark: _Toc112076510][bookmark: _Toc112096387][bookmark: _Toc112075254][bookmark: _Toc112075251][bookmark: _Toc112075252][bookmark: _Toc112076512][bookmark: _Toc112076514][bookmark: _Toc112096388][bookmark: _Toc112096390][bookmark: _Toc112076511]
4.2 [bookmark: _Toc237275481][bookmark: _Toc161764658]Analysis Close Date
The analysis close date will be the date on which the last participant achieves the primary outcome.

4.3 [bookmark: _Toc237275482][bookmark: _Toc161764659]Data Cleaning
The data will then be checked to ensure that there are no erroneous entries and that all missing data is properly coded. Any changes will be made on the ACCESS database. After the database is cleaned and locked, it will be provided to the statistics team for analyses.


5. [bookmark: _Toc17718228][bookmark: _Toc237275483][bookmark: _Toc83019916][bookmark: _Toc518190613][bookmark: _Toc186114360][bookmark: _Toc518364130][bookmark: _Toc185738195][bookmark: _Toc516386414][bookmark: _Toc519407559][bookmark: _Toc516385199][bookmark: _Toc519058031][bookmark: _Toc519058390][bookmark: _Toc445473858][bookmark: _Toc83017957][bookmark: _Toc516308288][bookmark: _Toc161764660][bookmark: _Toc111888857][bookmark: _Toc516384748][bookmark: _Toc83019247]STATISTICAL ANALYSES
5.1 [bookmark: _Toc237275484][bookmark: _Toc111888858][bookmark: _Toc185738196][bookmark: _Toc161764661][bookmark: _Toc186114361][bookmark: _Toc445473859]Description of Baseline Characteristics
Descriptive statistics will be used to summarize the clinical characteristics of participants. Continuous variables will undergo normality testing and be represented by mean (SD) or median (IQR) according to their distribution characteristics, while categorical variables will be represented as percentages.
5.2 [bookmark: _Toc237275485]Primary Outcome Analysis
[bookmark: _Toc161764662][bookmark: _Toc237275486][bookmark: _Toc445473860][bookmark: _Toc111888859][bookmark: _Hlk161015655]5.2.1 ITT Analysis of the Primary Outcome - the Primary Analysis
Given that multiple births are common in this population, mixed-effect models will be used to account for the relatedness of the outcome among infants of the same pregnancy. The model will be fitted using restricted maximum likelihood estimation (REML), with the primary outcome as the dependent variable, the treatment group as a fixed effect, and random intercepts for family clusters (familyID). This model will use an exchangeable covariance structure for random effects with residual degrees of freedom adjustment and variance estimation based on the observed information matrix (OIM). The risk ratio (RR) and standard error (SE) will be calculated by exponentiating the coefficients and SE from the mixed model, and the corresponding 95% confidence interval (CI) will be computed, and the risk difference (RD) using with an identity link and binomial distribution will be estimated.

[bookmark: _Toc161764663][bookmark: _Toc237275487][bookmark: _Toc111888860][bookmark: OLE_LINK2]5.2.2 Sensitivity Analyses of the Primary Outcome
· PP analysis 
The primary analysis model will be repeated for the per-protocol (PP) population.
· Covariate adjusted mixed-effect logistic regression model analysis
An adjusted mixed-effect logistic regression model will be constructed in the ITT population while adjusting for infant sex, normalized birth weight according to the national standards (z score of birth weight)3, vaginal delivery, antenatal steroids, surfactant in delivery room (DR), premature rupture of membranes, natural conception, Apgar score, status of DR intubation, and age of mother at delivery. FamilyID was treated as random effect. Risk difference and risk ratio and 95%CI were computed based on margin effect estimates of the model. 
· Adjusted mixed-effect generalized linear model (MEGLM) analysis
An adjusted MEGLM will be constructed based on the Poisson family function with a log link function, with treatment included as a fixed effect while accounting for within - family clustering through random intercepts for familyID. The model will specify an exchangeable covariance structure for random effects and use robust variance estimation to address potential model misspecifications. In addition to the same covariates as the covariate-adjusted analysis, blood transfusion and patent ductus arteriosus were further adjusted.
· Best- and worst-case scenarios analysis of the primary outcome
The adjusted MEGLM model will be repeated based on the assumptions of the best - and worst - case scenarios for the 3 missing primary outcomes, adjusting for the same covariates as the sensitivity analysis #2.

[bookmark: _Toc111888862][bookmark: _Toc161764664][bookmark: _Toc237275488][bookmark: OLE_LINK3]5.2.3 Subgroup Analysis of the Primary Outcome 
Subgroup analyses will be performed based on the ITT population using the MEGLM model after adjustment for the same covariates as the sentivity analysis #2 (excluding the given factor defining the subgroup) in 10 pre - specified subgroups: mother’s age at delivery (< 35 years, ≥ 35 years), infant sex, GA (< 28+0 weeks, ≥ 28+0 weeks), vaginal delivery, antenatal steroids, premature rupture of membranes, mechanical ventilation, status of intubation in DR, late onset sepsis and apnea.

5.3 [bookmark: _Toc111888865][bookmark: _Toc161764665][bookmark: _Toc237275489][bookmark: _Toc445473866]Secondary Outcome Analysis
All secondary outcomes will be analyzed based on the ITT population using the MEGLM model after adjusting for the same covariates as the covariate‑adjusted sensitivity analysis. The Poisson family function with a log - link function will be used for binary outcomes and the Gaussian family function with an identity link function for continuous outcomes. Results will be expressed as RR and corresponding 95% CI for binary outcomes and as mean difference and 95% CI for continuous outcomes. In addition, post hoc exploratory analyses will be performed for two outcomes: postnatal steroid and surfactant use in the NICU. Adverse events will be summarized as number (percentage [%]) without group comparisons due to the small sample size.

6. [bookmark: _Toc237275490][bookmark: _Toc161764670][bookmark: _Toc111888871]GENERAL CONSIDERATIONS FOR DATA ANALYSES
[bookmark: OLE_LINK1]Statistical analyses were performed using Stata Release 16.1 (StataCorp LLC, College Station, TX, USA) and R version 4.2.2 (R Core Team [2020], R Foundation for Statistical Computing, Vienna, Austria). 

[bookmark: _Toc161764671][bookmark: _Toc237275491]6.1    Reporting Guidelines
We will follow the Consolidated Standards of Reporting Trials (CONSORT) 2010 statement: updated guidelines for reporting cluster randomised trials (http://www.consort-statement.org/). 

[bookmark: _Toc161764672][bookmark: _Toc237275492]6.2    Participant Disposition and Flow Chart
A flow chart will be drawn up showing the number of participants screened, enrolled, and followed-up in each study arm, and the number contributing to the ITT and PP analyses. 

The number screened and not enrolled and the reasons for non-enrolment will be reported, as well as the number and reasons of participants who will be lost for follow up, or who will be  withdrawn from study for safety reason, or who will cross over between study arms, or bPCAuse of other reasons, et al.  
[bookmark: _Toc430805562][bookmark: _Toc430805563]
[bookmark: _Toc161764675][bookmark: _Toc237275493]6.3    Multiplicity
Multiplicity adjustment will not apply to the primary and secondary outcome analyses.

[bookmark: _Toc161764676][bookmark: _Toc237275494]6.4    Missing Data
No imputation will be made for missing data in the outcome variables.

[bookmark: _Toc237275495]6.5    Level of Significance
All statistical tests were two-sided and differences with p < 0.05 will be considered to be significant.

7. [bookmark: _Toc237275496]   REFERENCES
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