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1 NUMBERS OF SUBJECTS IN ORIGINAL AND
FINAL GROUPS

Of the datasets from 33 countries that were shared with the
Global Lung Function Initiative, 26 could be included in the
four groups that were eventually formed. The original number
of subjects, i.e. before exclusion due to missing data or outli-
ers, are presented in Table E1. Of the Mexican data, those in
children and adolescents from Mexico City could not be in-
cluded because the high predicted values did not fit in any of
the groups.

Table E1 — Overview of countries sharing data with the Global
Lung Function Initiative. The numbers below include data that
were subsequently excluded for reasons outlined in the printed
text and in Table E2.

Datasets not used in
final analyses

Datasets used in final analyses

Country N  Country N Country N
Algeria 273 Netherlands 3319 China 3483
Australia 982 Norway 1535  France 63376
Austria 333 Poland 220 India 2548
Brazil 178 Portugal 137  Iran 6137
Canada 329 Sweden 123 Oman 1256
Chile 102 Switzerland 11756 Pakistan 2928
China 5114 Taiwan 2806  Philippines 316
Germany 4708 Thailand 3262 South Africa 146
Iceland 164 Tunisia 870  Total 80190
Israel 124 UK 16888

Italy 1818 Uruguay 156

Korea 2252 USA 18212

Mexico 4236 Venezuela 243

Total 80140
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After leaving out various datasets from the regression analysis
(Table E2) for reasons delineated in the printed manuscript, the
breakdown of numbers by age in each of the four groups is as
in Table E3.

2 MODELLING SPIROMETRIC INDICES

The LMS method, implemented in the GAMLSS package [1] in
the statistical software R [Version 2.14.1; R Foundation, http://
www.r-project.org] allows modelling the expected mean (u or
M), the coefficient of variation (o or S), and skewness (A or L).
A continuous, smooth fit over the entire age range is obtained
by the use of splines. Applying the methodology described by
Cole et al. [2] the best fit was estimated using untransformed

Table E2 — Number of subjects that could not be included in the
final analyses for reasons delineated in the printed manuscript.

Data submitted 160,330
Unknown ethnicity 63,865
Suspected asthma 805
Forced expiratory time < 1 s 123
Cannot be fitted in groups
Indian and Pakistani 5,476
Omani 1,256
South African 146
Philippino 316
Mexico City 4,009
Iran 6,137
No permission to publish 3,483
Outliers 527
Remaining data 74,187
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Table E3 — Breakdown by age of the numbers of subjects in each of four groups. Caution is required when comparing spirometric test results

in those over 80 years with the present GLI prediction equations.

Males

Age (yr) Cauc. AfrAm. NEAsia SEAsia
0-5 470 55
5-10 8452 221 150
10-15 3924 318 271
15-20 1677 206 112 227
20-25 1090 137 145 251
25-30 1060 112 124 229
30-35 1106 99 114 248
35-40 1158 72 147 305
40-45 1296 68 121 274
45-50 1203 49 127 245
50-55 1077 58 126 211
55-60 912 40 126 188
60-65 760 44 120 164
65-70 605 34 63 141
70-75 519 34 66 94
75-80 317 18 14 26
80-85 148 9 7 15
85-90 46 1 1 1

90-95 6 1

95 1

Total 25827 1520 1414 3095

Females

Cauc. AfrAm. NEAsia SEAsia Total
446 46 1017
8307 227 153 17510
3782 340 257 8892
1557 235 115 292 4421
1242 206 208 397 3676
1203 149 217 343 3437
1467 138 288 426 3886
1495 132 513 485 4307
1842 112 506 429 4648
1782 59 389 404 4258
1764 73 323 437 4069
1668 70 272 383 3659
1536 89 267 439 3419
1267 67 245 333 2755
1079 65 142 220 2219
727 50 71 91 1314
294 10 18 18 519
93 3 4 6 155
16 1 24
1 2
31568 2025 3578 5160 74187

Cauc. = Caucasian; Afr. Am. = African American; S E Asia = South East Asian; N E Asia = North East Asian.

and log-transformed dependent and explanatory variables, us-
ing the Box-Cox-Cole-Green (BCCG) distribution. The opti-
mal degrees of freedom (df) for the spline curve was chosen to
minimise the Schwarz Bayesian Criterion (SBC), where adding
one df to the model penalises the deviance by In(N) units, N
being the sample size. As N for males and females ~30,000-
40,000, the penalty for an extra df is ~10.3-10.6 deviance units.
Thus a parsimonious model with an optimal spline curve was
obtained.

Over the 2.5 to 95 year age range the age-specific contribution
of the spline in age leads to extensive look-up tables. This is ex-
acerbated if separate equations are derived for different ethnic
or geographical groups (henceforth called group). Two simpli-
fying approaches were explored. The first one was to include
group (a dummy variable) as a function of age. Thus the general
form of the equation was:

Y=a+bH+c A+ spline+d -group +d, group-A

where Y = dependent variable, H = standing height (cm); A =
age (yr); a, b, ¢, d, and d, are coefficients which vary for for
each index, and d, and d, vary for each group; spline is an age-
specific contribution from the spline function. In practice the
best fit was obtained after log transformation of the spirometric
index (FEV,, FVC, FEV /FVC ratio), height and age. Group-
age interaction did not improve the fit, so that the equation sim-
plified to:

Y=a+bH+c A+ spline+d -group

ERS Global Lung Function Initiative - Supplement Eur Repir J vol 39, 2012

The Box-Cox Power Exponential (BCPE) distribution, which
also models kurtosis, invariably provided a somewhat better fit
than the BCCG distribution. However, the improvement was
limited to the tails of the distribution, i.e. at Z-scores beyond +3
and -3, thus affecting 0.14% of data at either end; we settled for
the BCCG distribution, as slightly greater accuracy is clinically
meaningless, and implementation of equations simpler.

3 SIMPLIFYING LOOK-UP TABLES

As delineated above, a term spline which varies with age arises
from fitting a smoothing spline. Please note that age splines
were fitted to L, M and S, hence denoted as Mspline, Sspline
and Lspline. Figure E1 depicts how spline for predicted FEV
(hence Mspline) varies with age in healthy white males and fe-
males. Particularly in (pre)school children the table for spline
needs to be quite detailed. Thus the age-specific table for the
3-95 year age range for L, M and S can each easily have >400
cells for each index (FEV, efc.). An effort was made to replace
each table by an equation, potentially decreasing the complex-
ity of implementing equations in pulmonary function test de-
vices with limited memory dramatically.

It was not possible to satisfactorily fit spline over the entire
age range. From age 25 years and above a satisfactory polyno-
mial fit could be obtained.

spline ~b,+b,-(A/100) +b,-(A/100)? + b,-(A/100)* +
b, (A/100)* +b,(A/100)*

OLS-3
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Figure E1 — The contribution of the age-spline to predicted
FEV, in males and females varies with age.

where A = age in years; seventh degree polynomials were also
used to fit Lspline. Coefficients were estimated using linear re-
gression. Thus differences between values predicted using the
equation or splines derived by GAMLSS were reduced to a
maximum of 0.2%.

Detailed look-up tables are required in children and adoles-
cents, as a few months age difference can affect the predicted
values by up to 6%. This is because the predicted values are a
power function of age. For example, the linear age coetficient
for FEV, in males is 0.0574; the contribution from the spline
at ages 14.75 and 14.0 years is 0.0958 and 0.0684, respec-
tively. Therefore, if one substitutes 14 years into the equation
instead of 14.5, the predicted value will be biased by 100-(1 -
exp(0.0574-(log(14.5) - log(14)) + 0.0958 - 0.0684)) = -3%.

The look-up tables for the 3-95 years age range, as well as the
equations that replace the tables from 25 years up, can be down-
loaded from www.lungfunction.org/files/lookuptables.xls.

4 WORKED EXAMPLES OF CALCULATING
PREDICTED VALUES

4.1 Introduction

Predicted values depend on three quantities L, M and S, which
are functions of sex, age, height and ethnic group. L measures
t -
dicted value of FEV,, FVC or FEV /FVC. The lower limit of
normal (LLN) and the Z-score are calculated from L, M and S
as follows:

Predicted value = M

LLN (5" centile) = exp(In(1 - 1.644-L-S)/L + In(M))
Z-score = ((measured/M)" - 1)/(L-S) (for L # 0)

% predicted = (measured/M)-100

The LMS equations for Caucasians, African Americans, South
and North East Asians, valid from 3-95 years, are of this form,
with volumes in litres, age in years, and height in cm:

L= g, +q,"In(Age) + Lspline

M = exp(a, + a,-In(Height) + a "In(Age) + a,-black + a,-NEA
+a; SEA + Mspline)

S = exp(p, + p,"In(Age) + p,black + p,"NEA + p,-SEA +
Sspline)

OLS-4

Ta — Regression coefficients for splines for FEV | in males
that may be used to replace look-up tables for ages 25-95 years
in systems with limited memory.

Coefficients
M S L

Intercept a, -10.3420 p, -2.3268 q, 0.8866
Height a, 2.2196
Age a, 0.0574 p, 0.0798 q, 0.0850
Afr.Am. a, -0.1589 p, 0.1096
N East Asia  a, -0.0351 p, -0.3973
S East Asia  a, -0.0881 p, 0.0327

+ Mspline +  Sspline +  Lspline

Height (cm), age (yr). Afr.Am. = African American.

where

In() natural log transformation

white = 1 if a subject is Caucasian, otherwise = 0

black = 1 if a subject is African American, otherwise = 0
NEA =1 if a subject is North East Asian*, otherwise = 0
SEA =1 if a subject is South East Asian*, otherwise = 0
coefficients L ... q depend on the measurement and sex
Mspline, Sspline, Lspline: age-varying coefficients

* Mongoloid people, does not apply to Indian subcontinent.

For 3-95 years:
Linearly interpolate Lspline, Mspline and Sspline from lookup
tables as follows:

Xspline(age) = [(age,-age) Xspline(age,) + (age-
age ) Xspline(age,)] /(age, — age,)

where X represents L, M or S, age = actual age, age, and age,
represent the ages between which interpolation should be per-
formed.

For 25-95 years one might use polynomial equations (table E5):

Mspline = b + b -(Age/100) + b, (Age/100)* +
b, (Age/100)* + b, (Age/100)* + b, (Age/100)°

Sspline = ¢, + ¢,"(Age/100) + ¢, (Age/100)* + c,-(Age/100)°
+ ¢, (Age/100)* + ¢ (Age/100)°

Lspline = d + d,-(Age/100) + d, (Age/100)* + d,-(Age/100)°
+d, (Age/100)* + d,-(Age/100)°+ d - (Age/100) +
d,-(Age/100)

4.2 Example coefficients for FEV | in males

For the purpose of demonstrating how to use the equations in
calculating predicted and derived values, we reproduce tables
from the look-up tables for calculating FEV | in males.

In the case of FEV | in males, L is a constant, independent of
age (Table E4). Table ES lists the coefficients required to calcu-
late the contribution of splines at specific ages. for subjects be-
tween 25-95 years. One should never extrapolate beyond these
age ranges!

ERS Global Lung Function Initiative - Supplement Eur Repir J vol 39, 2012
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Ta — Regression coefficients for splines for FEV | in
males that may be used to replace look-up tables for ages 25-95
years in systems with limited memory.

Coefficients

Mspline Sspline Lspline
Intercept b, 0.3901 ¢, -1.6902 d, 0.8866
Age b, -1.0579 ¢, 17.0986 d,  0.0850
Age, b, 1.4743 ¢, -68.1649 d, 0
Age, b, -2.1077 ¢, 127.1964 d, 0
Age, b, -0.1215 ¢, -109.6777 d, 0
Age b 0.8873 ¢ 35.6832  d, 0
Age, d, 0
Age, d, 0

4.3  Five worked examples
4.3.1 White boy

We wish to calculate the predicted FEV,, % predicted, 5" cen-
tile LLN and Z-score for a white boy age 4.8 yr, height 107 cm,
FEV, =0.800 L.

For linear interpolation for age 4.8 yr we consult the look-up
table:

Age (yr)  Mspline

475  -0.0769

5 -0.0752

Mspline = -0.0769 + ((4.8-4.75)/0.25)(-0.0752 - (-0.0769))
=-0.0766

Sspline = 0.1592 + ((4.8-4.75)/0.25)(0.1535 - 0.1592) =
0.1581

M = FEV, predicted = exp(-10.3420 + 2.2196-In(107) +
0.0574:In(4.8) - 0.0766) = 1.0442 L

% predicted = (0.800/1.0442)-100= 76.6%

S = exp(-2.3268 + 0.0798-1n(4.8) + 0.1581) = 0.1296

L =0.8866 +0.0850-In(4.8) = 1.0199

LLN = exp(In(1 - 1.644-L-S)/ L + In(M))
= exp(In(1 - 1.644:1.0199-0.1296)/1.0199 + In(1.0442))
= 0.8212L

Z-score = ((measured/predicted) - 1)/(L-S)
=((0.800/1.0442)-21 - 1)/(1.0199-0.1296) = -1.80

Sspline
0.1592
0.1535

4.3.2 African American boy

We wish to calculate the predicted FEV,, % predicted, 5" cen-
tile LLN and Z-score for an African American boy age 12.2 yr,
height 152 cm, FEV = 2.405 L.

For linear interpolation to age 12.2 yr we consult the look-up
table:

Age (yr)  Mspline

12 -0.0176

1225 -0.0101

Sspline
-0.0387
-0.0339

Mspline = -0.0176 + ((12.2-12)/0.25)(-0.0101- (-0.0176)) =
-0.0116

Sspline = -0.0387 + ((12.2-12)/0.25)(-0.0339 - (-0.0387)) =
-0.0349

M = FEV, predicted = exp(-10.3420 + 2.2196:In(152) +
0.0574-In(12.2) - 0.1589 - 0.0116) = 2.1860 L

% predicted = (2.405/2.1860)-100 = 110.0%

ERS Global Lung Function Initiative - Supplement Eur Repir J vol 39, 2012

S = exp(-2.3268 + 0.0798-In(12.2) + 0.1096 - 0.0349) =
0.1284

L=0.8866 + 0.0850-In(12.2) =1.0992

LLN = exp(In(1 - 1.644-L-S)/L + In(M))
= exp(In(1 - 1.644-1.0992-0.1284)/1.0992 + In(2.1860))
= 1.7193 L

Z-score = ((measured/predicted)- - 1)/(L-S)
= ((2.405/2.1860)" %% - 1)/(1.0992-0.1284) = 0.78

4.3.3 South East Asian adult male

We wish to calculate the predicted FEV,, % predicted, 5 cen-
tile LLN and Z-score for a South East Asian male age 53 yr,
height 175 cm, FEV, =2.410 L.

Calculations can be performed using the look-up table for L,
M and S, or by replacing the latter with the equations in Table
ES. First using the look-up tables:

Age (yr)  Mspline
53 -0.0404

Sspline
0.0003

Mspline = -0.0404

Sspline = 0.0003

M = FEV, predicted = exp(-10.3420 + 2.2196-In(175) +
0.0574-In(53) - 0.0881 - 0.0404) =3.3911 L

% predicted = (2.410/3.3911)-100 = 71.1%

S =exp(-2.3268 + 0.0798-In(53) + 0.0327 + 0.0003) =
0.1395

L=0.8866 +0.0850-In(53) =1.2241

LLN = exp(In(1 - 1.644-L-S)/ L + In(M))
=exp(In(1 - 1.644-1.2241-0.1395)/1.2241 + In(3.3911))
= 2.5908 L

Z-score = ((measured/predicted) - 1)/(L-S)
=((2.410/3.3911)"** - 1)/(1.2241-0.1395) = -2.00

We can also replace the look-up tables by the equations in Table
E5:

Mspline = 0.3901 - 1.0579-(53/100) + 1.4743-(53/100) -
2.1077-(53/100)* - 0.1215-(53/100)* + 0.8873- (53/100)°
=-0.0427

Sspline = -1.6902 + 17.0986-(53/100) - 68.1649-(53/100)*
+127.1964+(53/100)* - 109.6777-(53/100)* +
35.6832-(53/100)° = -0.0007

M = FEV, predicted = exp(-10.3420 + 2.2196-In(175) +
0.0574-In(53) - 0.0881 - 0.0427) =3.3833 L

% predicted = (2.410/3.3833)-100 = 71.2%

S =exp(-2.3268 + 0.0798In(53) + 0.0327 - 0.0007) =
0.1383

L=0.8866 + 0.0850-In(53) =1.2241

LLN = exp(In(1 - 1.644-L-S)/ L + In(M))
= exp(In(1 - 1.6441.2241-0.1383)/1.2241 + In(3.3833))
= 25919L

Z-score = ((measured/predicted)- - 1)/(L-S)
= ((2.410/3.3833)'224 - 1)/(1.2241-0.1383) = -2.01

4.3.4 South East Asian adult female

We wish to calculate the predicted FEV,, % predicted, 5 cen-
tile LLN and Z-score for a South East Asian female age 39.1 yr,
height 165 cm, FEV, =2.210 L.

Calculations can be performed using the look-up table for L,
M and S, or by replacing the latter with the equations in table
E6. First using the look-up tables:
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Ta — Regression coefficients for FEV, for calculating M
(predicted value), S (coefficient of variation) a ).

The contributions of splines must be added to the calculated

values; they are available in look-up tables.

Table E7 — Regression coefficients for splines for FEV in fe-
males that may be used to replace look-up tables for ages 25-95
years in systems with limited memory.

Coefficients
Coefficients Mspline Sspline Lspline
Mspline Sspline Lspline Intercept b, 00552 ¢, -0.0825 d, 1.1540
Intercept a, -9.6987 p, -2.3765 q, 1.1540 Age b, 1.6032 ¢, 14104 d, 0
Height a, 21211 p, Age, b, -64855 ¢, -112699 d, 0
Age a, 00270 p, 00972 q 0 Age, b, 102741 ¢, 29.4400 d, 0
AfrAm.  a,  -0.1484 p,  0.1016 Age, b, -9.8646 «c, -29.5505 d, 0
N EastAsia a, -0.0149 p, -0.0109 Age, b, 3.8808 10.4405  d, 0
S EastAsia a, -0.1206 p, 0.0733 Age d 0
6 6
+ Mspline +  Sspline Lspline Age, d, 0
ge(yr spline spline e can also replace the look-up tables by equations (Table E7):
Age(yr)  Mspli Sepli We can also replace the look-up tables b ions (Table E7)
39 0.1112 -0.0919
39.25 0.1094 -0.0913 Mspline = 0.0552 + 1.6032-(39.1/100) - 6.4855-(39.1/100)?

Mspline = 0.1112 + (0.1/0.25)-( 0.1094 - 0.1112) = 0.1105

Sspline = -0.0919 + (0.1/0.25)-(-0.0913 - (-0.0919)) =
-0.0917

Lspline = 0

M =FEV, predicted = exp(-9.6987 +2.1211-In(165) -
0.0270°In(39.1) - 0.1206 + 0.1105) = 2.7800 L

% predicted = (2.210/2.7800)-100 = 79.5 %

S =exp(-2.3765 + 0.0972:In(39.1) + 0.0733 - 0.0917) =
0.1302

L=1.1540

LLN = exp(In(1 - 1.644-L-S)/ L + In(M))
= exp(In(1 - 1.644-1.1540-0.1302)/1.1540 + In(2.7800))
= 2.1741 L

Z-score = ((measured/predicted) - 1)/(L-S)
=((2.210/2.7800)"15% - 1)/(1.1540-0.1302) = -1.55

Females

Stature (cm)
140 160 180
! ! |

120
!

100
[

\ T \ \ T 1
0 20 40 60 80 100

Age (yr)

Stature (cm)
140
|

+10.2741-(39.1/100)° - 9.8646-(39.1/100)* +
3.8808(39.1/100” = 0.1096

Sspline = -0.0825+ 1.4104-(39.1/100) - 11.2699-(39.1/100)>
+29.4400-(39.1/100)° - 29.5505-(39.1/100)* +
10.4405-(39.1/100)° = - 0.0894

M = FEV, predicted = exp(-9.6987 + 2.1211-In(165) -
0.0270°In(39.1) - 0.1206 + 0.1096) =2.7775 L

% predicted = (2.210/2.7775)-100 = 79.6%

S = exp(-2.3765 + 0.0972-1n(39.1) + 0.0733 - 0.0894) =
0.1305

Lspline = 0

L=1.1540

LLN = exp(In(1 - 1.644-L-S)/ L + In(M))
= exp(In(1 - 1.644-1.1540-0.1305)/1.1540 + In(2.7775))
= 2.1707L

Z-score = ((measured/predicted)t - 1)/(L-S)
=((2.210/2.7775)13% - 1)/(1.1540-0.1305) = -1.54

Males

180
|

— .

160
|

— Caucasian
N_ East Asia
Afr.Am.
Mx.Am

= Lat.Am.

120
|

Omani

India+Pak
=== S EastAsia

N.Afr.-Iran

100
|

f : T T T T 1
0 20 40 60 80 100

Age (yr)

Figure E2 — Standing height as a function of age in groups from various parts of the world. Caucasians and African Americans are

up to 10 cm taller than other ethnic groups.

N East Asia = North East Asia; Afr.Am. = African American; Mx.Am. = Mexican American; Lat. Am. = Latin American; India+Pak = India and
Pakistan; S East Asia = South East Asia; N.Afr.+Iran = Algeria, Tunisia and Iran.
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Figure E3 — Between-subject coefficient of variation of standing height as a function of age in groups from various parts of the
world. The between-person variability is particularly large in children from India and Pakistan; we could not elucidate the cause of

these results.

N East Asia = North East Asia; Afr. Am. = African American; Mx.Am. = Mexican American; Lat. Am. = Latin American; India+Pak = India and
Pakistan; S East Asia = South East Asia; N.Afr.+Iran = Algeria, Tunisia and Iran.

As demonstrated above, there are slight differences in the re-
sults calculating values using the look-up table or the equations
replacing them. The discrepancies are not clinically important;
nevertheless use of look-up tables and linear interpolation is the
recommended procedure.

5 DIFFERENCES IN STANDING HEIGHT
BETWEEN GROUPS

Stature, the main determinant of pulmonary function, differed
significantly between populations (Figure E2). The coefficient
of variation (CoV) for height is largest in preschool children
(Figure E3), declining rapidly towards adolescence followed
by an increase, reflecting difterences in the age of onset and
end of the pubertal growth spurt. There is then a drop until
about age 30 years, followed by a small but steady increase
towards old age. With one exception, the maximum difference
between groups is about 0.01 (1%). The CoV is considerably
larger in Indian and Pakistani schoolchildren and adolescents
than in others (Figure E3), probably due to differences in socio-

176 ~
174 4
172
g 170 = lontevideo 35m
% 168 - ——SaoPaulo 80m
%’J 166 A = Santiago 543m
I 164 - = (Caracas 950m
162 = Mexico City 2240m
160
158 T T T T T 1

35 45 5 6 75 8 95
Age (yr)

Figure E4 — Differences in standing height in males in 5 centres
participating in the PLATINO study [3].

ERS Global Lung Function Initiative - Supplement Eur Repir J vol 39, 2012

economic conditions; differences in stature and CoV between
Pakistani and Indian children were small.

6 DATA
6.1 Latin-American data

Five datasets (Mexico City, Sao Paulo, Caracas, Montevideo,
Santiago) [3] related to adults, one to Mexican children and
young adults [4]. There were pronounced differences in height
for age between centres, in males ranging from 12 cm at age
45 to 7 cm at age 80 years (Figure E4), people in Mexico City
being smallest. Predicted values for spirometry derived from
each individual dataset also produced appreciable differences
(Figure ES).

6.2  East Asian data

Nine datasets were available from Hong Kong [5,6], Taiwan
[7], Thailand [8], the USA [9], Korea [10], China [11] (data

4.5 A
4.0
— = Nontevideo 35m
—1 3.5 9
~ ——S530Paulo 80m
—
a 3.0 A = Santiago 543m
L = (aracas 950m
25 - == MexCity 2240m
2.0 T T T T T 1

3 45 55 6 75 8 95
Age (yr)

Figure ES — Predicted FEV, in males in 5 centres participating
in the PLATINO study [3].
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Figure E6 — Predicted FEV and FVC in 9 different datasets from East Asian subjects. Data from South East Asia are systematically

shorter than those from North East Asia.

not used for present analyses, see printed text), North China
[12], and a dataset on children aged 3-6 years [13]. Regression
analysis revealed significant ditferences for spirometric indi-
ces between centres. Using GAMLSS, a best fit ot height for
age was derived from the collated data of East Asians; calcu-
lated height for age was then used to derive predicted values
for spirometric indices for each centre, allowing comparison
between centres that was unaffected by differences in height.
Predicted values for FEV, and FVC from mainland China (un-
published data from North and South China collected in 2008),
North China [12] and Korea [10] came out systematically
higher than in the remaining 6 datasets (data collected between
1996-2002 in Hong Kong, Taiwan, Thailand, USA and China),
which agreed remarkably well (Figure E6). No evidence was
found that this related to methodological differences, or to un-
representative samples arising from small sample size. There
were significant differences in standing height between centres,
Chinese in the USA and the North of China (i.e. north of the
Huai River and Qinling Mountains) being tallest, and people in
Thailand shortest: at age 50 yr maximum differences were 5.4
cm in females, and 5.7 cm in males. Data collection spanned 18
years (1990-2008), during which time changes occurred in Ori-
en | societies which significantly affected the availability of
food and education. Better health conditions are associated with
an increase in standing height, mainly due to an increase in leg
length [14], although the latter finding could not be reproduced
recently [15]. Average height for someone aged for example 40
yr in 1990 may differ from that of a 40 yr old person in 2008.
Displaying standing height as a function of birth date, rather
than calendar age, removes temporal differences, allowing to
better depict differences between populations (Figure E7). The
slopes are steepest for males and females in the USA and Ko-
rea, and flattest for Taiwan, leading to curves crossing over at
about the year 1960 (Figure E7). These slopes reflect a combi-
nation of diminishing height with advancing age and secular
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trends in height. For example, for mainland China the estimated
rise in standing height between 1979-1995 for a 17 years old

175 7 .
170
= 165
£
S Males
£ 160 4
2 . —— Hongkoeng
2 - - China
155 = Thailand
= Taiwan
| — USA
150 ==+ Korea
145 =
r T T T 1
1920 1940 1960 1980 2000
Year of birth
175 7
Females
170
'g 165 1
L
£ 160 4
2
[}
T 155
150
145 =
r T T T 1
1920 1940 1960 1980 2000
Year of birth

Figure E7 — Relationship between year of birth and standing
height in adult East Asian subjects born in Hong Kong, China,
Thailand, Taiwan,the USA and Korea. The slope of the line re-
flects both a secular trend and a change in height with ageing.
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Figure E8 — Coefficient of variation (CoV) of FEF

25-75%

and FEF_; in males and females. Note the very large variability, particularly

in adults, which severely limits the use of these indices for diagnostic purposes. However, this does not preclude a more favourable
coetficient of variation for within-subject comparisons, nor the use of these indices in etiological studies where differences between

groups may provide valuable clues.

NE Asia = North East Asia; SE Asia = South East Asia, Afr. Am. = African American.
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Figure E9 — Comparison of predicted values for FVC (right panels) and FEV | (left panels) in males and females. GLI = Global
Lungs Initiative (present study), Stanojevic [27], NHANES III [22], ECSC = European Community for Steel and Coal [26], HSE =
Health Survey for England 1995-1996 [23], LuftiBus [24], SAPALDIA [25], Polgar [28], Zapletal [29]. Predicted values from the
ECSC in adults, from the LuftiBus study in young adults, and from Polgar and Zapletal in children and adolescents, do not agree
well with the others. Data from Stanojevic and the GLI practically overlap. Note the different scaling from 0-20 years and 20-100
years, so as to show greater detail in the paediatric age range. Graphs were generated using mean height for age in Caucasians, hence
the above differences in predicted values cannot be accounted for by differences in height.
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person was 1.0 and 2.0 cm per decade for urban and rural males,
respectively, and 0.5 and 0.7 cm per decade for urban and rural
females, respectively [16]. At the same time the coefficient of
variation for stature widened, indicating greater regional varia-
tion in height for age [16,17]. However, the well-known aver-
age height difference between southern and northern Chinese
for urban populations has narrowed from 6-7 cm in the 1920s
to 2-3 cm in the 1990s [17]. Figure E7 shows that the subjects
from mainland China and Korea were on average taller, yet
shorter than Orientals living in the USA. Differences in pulmo-
nary function remaining after standardising for the same height
for age (Figure E6) might theretore retlect differences in body
build. This is in keeping with various reports [15-21]. The scale
of differences in FEV, and FVC, and the limited time span be-
tween data collections are not compatible with a secular trend.

6.3 Handling of longitudinal datasets

Two longitudinal studies of schoolchildren [18] and adoles-
cents [19] were transformed into a cross-section by selecting
at random one record from a person’s available measurements
so that the new cross-sectional data set had a representative age
distribution. In another follow-up study of school children [20]
only the data collected at the first occasion were selected. In a
longitudinal study of adults [21] the third record was selected.

7 FEF

25-75%

AND FEF,,

The coefficients of variation of FEF,, .

high values in adults (Figure ES).

and FEF ; rise to very

8 COMPARISON OF PREDICTED VALUES

The present set of prediction equations, using collated data, was
compared with those from four recent large datasets [22-25].
Regression equations were derived using GAMLSS [1] in R
[Version 2.14.1; R Foundation, http://www.r-project.org]. Pre-
dicted values and their lower limits of normal were calculated
as a function of age, using the mean height for age in Cauca-
sians; the latter was obtained by regressing height on age, us-
ing GAMLSS. Predicted values according to the ECSC/ERS
[26], widely used in Europe, and predicted values from Stano-
jevic [27] which are being used increasingly, were added to the
comparison (see also Table 5 in printed paper), as were those
from Polgar and Zapletal [28,29] (Figure E9). Except for the
ECSC/ERS predicted values and those from Polgar and Zaple-
tal, which differ systematically from the other ones, differences
are marginal. Hence, the use of collated data has not led to loss
of accuracy and precision.
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