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Appendix 2. Statistical Appendix 

Sample size calculation 

To determine the sample size, we considered the precision of the data in estimating specific centiles. 

We assumed data were normally distributed at each gestational age. The SE of the pth centile is 

given using the standard formula (1): 
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where SE is the standard error, SD is the standard deviation of the measurement of interest (which 

may change according to gestational age), Zp is the value of the standard normal distribution 

corresponding to the pth centile, and n is the sample size. To create an evidence-based early 

warning score we desired a 95% CI with an SE of < 0.10*SD at the boundaries. 

Our sample size calculations are based on conservative estimates as they do not take account of the 

effect of serial measurements from the same women (2). Using Royston’s design factor of 2.3, a 

longitudinal study of 1000 women could have equivalent precision to a cross-sectional study of 

around 2300 women (3). 

Approach to obtaining best fit for the data 

We explored different statistical methods to achieve the best fit to the data. In brief, these methods 

included: mean and SD using fractional polynomials (4); Cole’s lambda, mu and sigma method (5); 

the lambda, mu, sigma and Box-Cox t distribution method (6); the lambda, mu, sigma and Box-Cox 

power exponential method (7); the skew power exponential method (7); the skew t distribution 
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method; and multilevel models. To present curves, we tried different smoothing techniques 

including fractional polynomial (7), cubic splines (5) and penalised splines (8).  

We assessed goodness of fit by visual inspection of empirical centiles versus fitted centiles, quantile-

quantile plots of the residuals, plots of residuals versus fitted values, and the distribution of fitted Z 

scores across gestational ages.  

We used bootstrap resampling methods to estimate 95% confidence intervals for the centiles at 

two-weekly intervals, with fifty bootstrap replicates. We repeated the analysis on each of the 

replicates and used the standard deviation of these results as an approximation for the standard 

error. 
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