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Methods

Four of the datasets contained longitudinal data. In two cases these were transformed into
cross-sectional sets by selecting one cross-sectional subset, in two other cases by selecting a
single record from a person's available measurements so that the new cross-sectional dataset
had an age distribution that was similar to the original dataset.

Statistical analysis

Prior to analysis, data were checked for transcription errors, improbable values and obvious
outliers. As the majority of studies had previously been published there were very few errors
(<1%). Lung function indices were modelled separately in males and females as a function of
age and height, using generalised additive modelling of location, scale and shape (GAMLSYS)
[1]. This technique offers a choice of distributions, and allows modelling the median, the
coefficient of variation and skewness using cubic smoothing splines. In addition it allows
modelling additive and multiplicative relationships. All models were fitted using the package
GAMLSS [2] in R (version 2.11.1) [3] as described by Cole [4] and recently applied to
spirometry [5-6]. We used the Box-Cox-Cole-Green (BCCG) distribution. A stepwise
approach [4] was used to determine the best curves for the median, the coefficient of
variation, and skewness. The model with the smallest Schwarz Bayesian Criterion (SBC)
within a family of models was selected. The final choice of the most appropriate and
parsimonious model was also based on inspection of worm plots [7], normal probability
plots, the distribution of residuals, and the fit of the data to centiles. The analysis is sensitive
to extreme outliers. Therefore, after derivation of prediction equations, the z-scores were
inspected for values < -5 and > +5; if present these were removed, and the curve fitting
procedure restarted. In total there were 7 such outliers.

Modelling pulmonary function

The best fitting model (BCCG) describes a multiplicative and allometric height relationship
of the form In(index) = a + b*log(height) +c*log(age) + d(log(age)), where d(log(age))
represents the age-specific contribution of the spline function. The volumes are proportional
to height raised to the power ~2.2. As reported earlier [5] the coefficient of variation (CoV)
for each of the indices varies with age, with a minimum at adolescence; the CoV could be
properly modelled as a spline function of age. The Box-Cox power exponential (BCPE)
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distribution produced a significant reduction in the Schwarz Bayesian Criterion (SBC),
indicating that ideally kurtosis needs to be modelled. As there were no improvements in the
2.5 and 97.5 centiles, we settled for the Box-Cox Cole and-Green (BCCG) distribution.

Relationship between z-scores and centiles

As delineated in the printed text the scatter around predicted values differed between centres.
By definition, the SD derived by GAMLSS from collated data will be one. Since this includes
differences between centres, the average of the SD of the z-scores from all the individual
centres will be slightly lower (0.97 in females, 0.95 in males for FEV;; 0.96 in females, 0.94
in males for FVC). Hence the lower limit of normal for FEV; and FVC from the entire
dataset is slightly lower than in the small datasets. This effect was more pronounced for the
FEV1/FVC ratio (0.90 in both females and males). The relationship between z-scores and
centiles, obtained by multiplying the SD by 1.6448 is as shown below.

Index SD z-score Centile
Males Females Males Females
FEV, 0.95 0.97 6 5.5
FVvC 0.94 0.96 6.1 5.7
FEV./FVC 0.90 0.90 7.0 7.0

Thus, in smaller populations, such as local controls, the LLN for FEV; or FEV/FVC in
females will, on average, delineate 5.5% or 7% of observations respectively as being below
the normal range, rather than the 5% identified if based on the LLN from the entire collated
dataset,

The LLN from collated data is mainly determined by the largest datasets, which represent a
representative sample from the population. Adopting the LLN from collated data should
therefore not lead to any bias.
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Table E1 — Summary of numeric data from the 30 centres included in the analysis

Females

Study FEV; FVC
1 0.02 -0.01
2 -012 -017
3 -0.09 -0.10
4 0.18 0.25
5 019 031
6 -0.15 -0.05
7 0.02 0.12
8 0.16 0.09
9 -030 -0.19
10 -0.06 0.18
11 040 0.07
12 027 0.20
13  -0.24 0.07
14 0.07 -0.11
15 024 0.26
16 011 0.11
17 -0.07 -0.15
18 -0.50 -0.60
19 0.08 0.24
20 -0.28 -0.35
21 049 024
22 -0.17 0.0
23 049 0.67
24 072 0.63
25 -0.22 0.17
26 011 045
27 0.04 0.61
28 -041 -0.42
29 0.69 0.82
30 0.08 -0.34

FEV./FV
Cc

0.09
0.17
0.01
-0.15
-0.25
-0.28
-0.12
0.03
-0.05
-0.43
0.21
0.17
-0.55
0.84
0.04
-0.11
0.00
0.63
-0.49
-0.02
0.66
-0.62
-0.32
0.65
-0.03
-0.47
-1.03
-0.25
-0.67
0.52

Males

FEV;
0.03
-0.13
-0.11
0.19
0.15
-0.25
-0.05
0.28
-0.35
-0.08
0.35
0.24
-0.30
0.11
0.37
0.10
0.08
-0.18
0.00
-0.54
0.33
0.01
0.32
0.72
-0.11
0.09
0.29
-0.42
0.11
-0.58

FVC FEV,/FVC Study date

-0.02
-0.18
-0.15
0.25
0.25
-0.14
0.05
0.16
-0.15
0.16
0.28
0.20
0.00
-0.12
0.20
0.17
-0.08
-0.38
0.20
-0.25
0.06
0.36
0.43
0.40
-0.09
0.54
0.47
-0.34
0.23
-0.82

0.12
0.09
0.05
-0.10
-0.22
-0.22
-0.18
0.07
-0.37
-0.29
0.04
0.10
-0.39
0.78
0.29
-0.18
0.05
0.69
-0.53
-0.40
0.81
-0.48
-0.12
0.24
-0.18
-0.73
-0.34
-0.20
-0.32
0.71

1995-1996
2001-2005
1999-2000
1994-1999
1991
2006-2007
1988-1994
1984
1985-1987
1980-1982
1978-1985
1995-1997
1991-1995
1999
1991-1993
2003-2004
1990
2002
1998
1993
2006-2007
2003-2006
2002-2008
2002
2000-2007
2008
2005-2008
2009
2007-2008
2001-2002

Total

Numbers

Females
4759
5129
3345
1408
1888
1003
1364
860
314
670
123
545
612
232
275
201
249
133
72
61
59
49
64
58
46
72
42
55
20
33

23741

Males

3683
3459
3383
1416
1267
881
869
806
447
369
365
361
341
249
181
169
165
149
117
100
81
68
68
53
52
51
75
31
18
17

19291

Age ranges
Females  Males
7-94 7-89
18-95 18-95
8.1-106 7.4-104
6.1-13.9 6.3-13.6
18.2-61.8 18.2-61.8
4.1-189 4.0-18.9
8-80 8-80
59-12.7 6.1-13.4
4.6-18.8 4.4-18.7
8-70 8-65
11.4-19.6 11.5-194
19-80 19-80
31-78 31-78
25-6.0 25-7.0
8-74 8-70
47-56  4.6-6.1
18.1-78.5 19.0-78.4
3.1-6.3 3.1-6.3
3169 3.0-70
46-80 4479
48-79 4.2-79
25-65 27-64
20-66 22-67
3.3-5.7 3357
26-6.7 34-70
8.9-88.7 7.8-95.9
59-76  59-7.7
9-58 6.0-71
3.2-51 35-5.0
6.5-8.0 6.6-8.0

Legend: The mean standardised residuals (z scores) from the predicted values (derived from
all data) are depicted for each centre, together with the number of subjects, the age ranges
and the years during which data were collected.
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Figure E1 — Distribution of healthy white females (N=23,741, black columns) and males
(N=19,291, gray columns) by age.
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Figure E2 - Standard deviations of z-scores as a function of sample size in white males and
females in 30 centres.
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