Supplement 2: Statistical analysis primary outcome (cLDA model) and secondary outcomes

The constrained longitudinal data analysis model (cLDA) 1 is a linear model wherein both the baseline and post-baseline values (d2-d5) are modelled as dependent variables, as opposed to a (longitudinal) ANCOVA model in which the baseline value is included as a covariate. Although the baseline measure is included in the response vector in cLDA, the true baseline means are constrained to be the same for both treatment groups due to randomization, and this analysis provides an adjustment for the observed baseline difference in estimating the treatment effects. The effect of Vitamin C is allowed to be specific at each of the four post-baseline days, and the primary analysis refers to the average of the four intervention effects.
The choice of the covariance structure for the five measurements in the cLDA model was based on the Aikake criterion. Center was added as a fixed factor in the model. The cLDA analysis is valid under the missing at random assumption (MAR) and assumes that the probability that an observation is missing depends only on observed values of the individual, but not on the missing ones. Missing values can occur to discharge or dropout. Patients who died within the first 5 days received the maximum SOFA score of 24 starting at the day of death. An inverse hyperbolic sign transformation was applied to handle the (right-) skewed distribution of the SOFA scores. This transformation refers to a natural logarithm after adding a value (such that zero values for the SOFA score can be dealt with. Results were presented after back transformation to the original scale. As such, the estimate for the treatment effect refers to a ratio instead of a difference. 
Two subgroup analyses were planned in the FAS, verifying if the effect of Vitamin C depended on baseline SOFA and on the baseline NEWS score. For the baseline SOFA score, subgroups were defined as SOFA <6 vs SOFA >=6. In the cLDA analysis on both subgroups combined, the interaction between subgroup and effect of vitamin C was tested. The baseline NEWS score was not dichotomised. Instead, the baseline NEWS score was evaluated as a continuous moderator by including the main effect of the baseline NEWS score and the interaction between the baseline NEWS score and the effect of vitamin C in the cLDA model, allowing non-linearity for the relation of the baseline NEWS score (using restricted cubic splines with 4 knots). A similar unplanned exploratory analysis was performed treating the baseline SOFA score as a continuous moderator and visualizing the change of the effect of vitamin C as function of the baseline SOFA. 
A linear model, additionally correcting for center, was used to compare the maximal SOFA score between both groups. For patients who were discharged, the observed maximum SOFA was used. A multiple imputation approach (20 imputed datasets) was used to handle the presence of missing values not due to death or discharge (since the observed maximum can be an underestimation for these patients). Multivariate imputation was performed for the daily SOFA scores (d1-d5) using in each treatment arm separately the fully conditional specification (FCS) approach2 based on linear models with as regressors the SOFA scores on the other days. The imputation and the analysis model used the transformed SOFA scores.
Event rates for death were estimated using Kaplan- Meier methodology.  The comparison at 28 days was based on a Z-test after log-log transformation of the survival estimates.
To evaluate differences in length of hospital stay and length of ICU stay, death during hospital (ICU) stay was treated as a competing risk, using a stratified Gray’s test for the comparison of both groups. 
A generalised linear mixed model (i.e. a logistic regression model with a random effect of patient) with group and time as fixed effects (and their interaction), and correcting for center as fixed effect, was used to compare the daily (d2-d5) predicted probability of mechanical ventilation.  An odds ratio was reported for the comparison of the ‘mean probability’ over d2-d5.  Mechanical ventilation was put on zero when a patient was discharged (from the day of discharge on). For a deceased patient, the information was considered missing from the day after death on. The same modelling approach was used for vasopressor requirement, need of steroids and renal replacement therapy. Note that the estimates from these random-effects models refer to the predicted probability and the predicted effect for the average patient.

The QOL scores were compared between both groups using a multivariate normal model for longitudinal measurements, with the Aikake criterion to select the covariance matrix. Center was added as a fixed effect in the model. Note that the model was fit on information from baseline, day 5 (or day of discharge if discharge before day 5), day 28 and month 3. For lost-to-FU and deceased patients, the score was put on missing. Comparisons referred to the three specific timepoints after baseline.
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