
On line supplement 
Statistical analysis 
We evaluated the association between FEV1% and age at diagnosis, age at FEV1 measurement, 
sex, pancreatic status, chronic P. aeruginosa infection, CFRD, BMI and genotype by means of 
descriptive analyses and regression techniques. 
In the descriptive analyses we plotted mean FEV1% values by age and we evaluated the FEV1% 
pattern across ages by fitting a logistic curve to the mean FEV1% values by age. We then computed 
the expected values of FEV1% (according to the logistic function) corresponding to ages spaced by 
0.01 years (e.g. FEV1% at 6 years, 6.01 years, 6.02 years, etc.). The first derivative (velocity) was 
then computed as the difference between two consecutive values of the expected FEV1% divided 
by 0.01. The second derivative (acceleration) was computed as the difference between two 
consecutive values of the velocity divided by 0.01. The minimum and the maximum values of the 
second derivative correspond respectively to the age from which the acceleration increases and to 
the age from which the acceleration decreases. With a similar approach, we inspected the pattern of 
number of patients across age by empirically computed the points where there is a change in 
pattern. 
We then investigated the association between FEV1% and the before mentioned covariates by 
means of simple linear regressions. We deemed differences in FEV1% as statistically significant if 
the p-value was smaller than 0.05. Other authors have shown that the mere choice of different 
moments of FEV1 measurements could lead to differences in FEV1% up to 4 percent points1. Since 
in the ECFSPR database we collected FEV1 values measured at different times, we had to select a 
threshold to define clinically meaningful differences above 4 percent points. Other authors used 10 
percent points2,3, therefore we used it as a guidance for selecting covariates in the model building 
process, but we did not uncritically discard any differences below the threshold of 10 percent 
points. 
We initially investigated all the potential risk factors one by one, including them in the linear 
model. We always included age at FEV1 measurement in the model, due to its well documented 
effect on FEV1. Due to the international nature of the database, we included the country as a 
covariate in the model, to control for its potential confounding effect. Results from linear regression 
models are expressed as differences in the estimated marginal means of FEV1%: they represent the 
estimated effect of each factor on FEV1%. 
To build the final multiple linear regression model, we selected covariates that had a statistically 
significant and clinically relevant effect on FEV1, starting with the covariates that has a greater 
impact, as indicated by the magnitude of the difference in FEV1 and by the p-values. We then 
added to the model one covariate at a time and inspected the change in the estimated marginal 
means as well as the change in p-values. To avoid over-fitting, we tested only interactions between 
the covariates that were included in the final model, provided that they had a clinical justification. 
Results from the final multiple linear regressions model were expressed as differences in the 
estimated marginal means of FEV1%: they represent the estimated effect of each factor on FEV1, 
after adjusting for age at FEV1 measurement, country, sex, pancreatic status, CFRD, P. aeruginosa 
infection, BMI. The cross-sectional design of the study created a collinearity effect between 
demographic age of the patients at FEV1 measurement and age at diagnosis. For this reason, we 
evaluated the effect of age at diagnosis on the residuals of the final model fitted to the data with the 
other covariates. 
We finally used a logistic regression to express the association of the covariates previously selected 
with FEV1% in terms of odds of having severe lung disease, defined as FEV1% <40%. All the 
estimates of the odds ratios are controlled for country and age at FEV1 measurement (grouped into 
classes of 5 years). In other terms, the odds ratios express the effect of the covariates, after the 
effect of country and age have been taken into account. 
In order to verify if the odds of having severe lung disease significantly increased with age, we 
tested for the linear trend of the ORs for age at FEV1 measurement using a likelihood ratio test to 



compare nested models with the addition of a quadratic term for age at FEV1 measurement. We 
tested also interaction between each covariate that were included in the final model and age at 
FEV1 measurement. We additionally tested the interaction between country and the covariates 
included in the final model by computing the odds ratios of each covariate included in the final 
model on FEV1%, for each country separately, because formal checks for interaction could not be 
carried out due to model convergence problems (quasi-complete separation of data points).  
 
References 
1. Wanyama SS, Thomas M, Jansen H, on behalf of all members of the BMR-RBM, Comparing 

the ‘best’ spirometry values of the year with values obtained at the ‘last’ consultation in cystic 
fibrosis patients in Belgium using the CF Registry data, JCF 2010; 9, Suppl. 1, S111:428. 

2. Verma N, Bush A, Buchdahl R, Is there still a gender gap in cystic fibrosis?, CHEST 2005; 

128:2824–2834. 

3. Robinson P, Schechter MS, Sly PD, Winfield K, Smith J, Brennan S, Shinkai M, Henke MO, 

Rubin BK, Clarithromycin Therapy for Patients With Cystic Fibrosis: A Randomized 

Controlled Trial, Pediatric Pulmonology 2012, 47:551–557 


