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Cox proportional hazards regression was used throughout to estimate the effect of epoch on 

the rates of NEC and all-cause mortality. Days since birth was used as time scale in primary 

analysis, with corrected gestational age used as time scale in a sensitivity analysis. Neonates 

were considered to be at risk of NEC from birth until the first of (i) death (ii) discharge home 

or (iii) censoring on 1 Jan 2013, if born before this date.  

Death and discharge home were considered ‘competing risks’, as neonates are no longer at 

risk of NEC after either event. Competing risks were entered into the models using the 

approach of Fine and Gray.[1]  All measured covariates were included in regression models.  

Enteral feed type was coded as a time-varying covariate, as ‘no enteral feed’ until the 

initiation of feeds (or until an event: NEC, discharge, censoring, or death) and thereafter 

categorised as one of the feed types listed above. 

Neonates alive but with no NEC diagnosis and not yet discharged on 1 January 2013 

were censored on that date. 

Following the initial analysis, regression diagnostics showed that the proportional 

hazards assumption was strongly violated.  Hence the model was re-estimated using time-

varying covariate.  Visual inspection of the cumulative incidence curve suggested that the 

effect of epoch was different in the risk periods of ‘up to 1 week’, ‘1-2 weeks’, and ‘>2 

weeks’ and so we allowed separate estimates for the effect during each time. 

Finally, the effect of time on NEC in each stratum was estimated using a regression 

discontinuity analysis, that is simultaneously including date of birth dichotomised into epochs 

as well as the effect of calendar year entered as a continuous linear covariate. This tests 

whether any observed differences are better explained by a linear time trend or by a step 

change after the change in probiotic-use policy.[2]  For illustrative purposes, logistic 
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regression was used to estimate and subsequently plot the overall rate of NEC per admission 

and how this varied with the interaction of calendar year and epoch. 

To estimate the effect on all-cause mortality, a second Cox regression was conducted 

with mortality as the index event, discharge home as a competing risk, and censoring at 1st 

January 2013.  Since there was no effect of epoch on mortality after adjusting for covariates 

in this analysis we did not conduct the regression discontinuity analysis for mortality. 

There were very few missing data for outcomes or most covariates; any cases with 

missing data in any analysis were dropped from that analysis, except for ‘PROM’ where 

more cases were missing and a separate ‘not recorded’ category was created. 

All analysis was conducted using R statistical software (version 3.5.0) using the base 

statistics and ‘survival’ (version 2.43) package.[3] [4]  
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