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Age Meas . Polgar %pred ECSC child % pred

9 1.97 2.01 98 2.23 88

10 2.01 2.28 88 2.64 76

11 1.30 1.83 71 2.06 63

11 1.92 2.31 83 2.39 80

12 1.12 2.07 54 2.27 49

13 2.43 3.12 78 3.38 72

13 1.49 2.07 72 2.27 66

14 2.92 3.11 94 3.38 86

14 2.47 2.91 85 3.16 78

15 2.79 3.33 84 3.73 75

15 2.08 2.63 79 2.89 72

16 4.06 4.37 93 4.66 87

16 2.66 3.33 75 3.61 74

To perform EIA or not

FEV1



Age 6 Polgar revised

Problem at the predicted edges 

+4%   - 8%

Age 4y



Year 1971 - Polgar & Promadaht : 
Predicted values entailed from a set of predicted values.

Method: Wet spirometer 
Manual calculations

ew linear regression equations 
were calculated in relation to 
height and Sex. (ages 6-18)



 Reference values for spirometry are not derived from measured 
data - Equations are a combination of those from different 
researchers 

 “For each of the regression equations”, a new reference values 
equation was computed as a combination of height and age 
within the ranges given by the authors

 In most publications, lung function is assumed to decline linearly 
with age in adults. 

 Smoking was not considered. 

1983- The European Coal and Steel Community (ECSC) 
published new spirometry reference values  for ages 21-70 y



FEV1 ml

1989 - Quanjer et al.  Compilation to ECSC  of reference values for lung function 
measurements in children. 



How important is age to FEV1 relationship ??

FEV1 at 8-specific ages for any given height. 
Age is as important to consider in determining the reference 

range, especially during puberty. 



1995  Quanjer - Polgar revised – Generally used in Europe and Israel up to 2012

Reference:    Spirometric reference values for white European children and adolescents: Polgar revisited.
Quanjer PH, Borsboom GJ, Brunekreef B, Zach M, Forche G, Cotes JE, Sanchis J, Paoletti P. Pediatr Pulmonol. 1995 Feb;19(2):135-42.

Measured spirometric data sets collected in 6 European countries 
(Netherlands, France, Austria, UK, Spain, and Italy). 

Aims:  
1. to describe spirometric indices from childhood to adulthood, taking into 

account the adolescent growth spurt. 
2. Population comprised of  2,269 girls (Ht 110-185cm)  and 3,592 boys (ht 110-

205cm). 
3. Age 6-21 years m/f. 
4. The model applicable to all data sets was lnFEV1 = a + (b + c x Age (y)) x Ht(cm) 

https://www.ncbi.nlm.nih.gov/pubmed/7659469


1. Dis-jointed  predicted values at the transition from children, 
adolescence to adulthood. 

2.   The models poorly fit the measured values, particularly in children. 

3. Vary large differences in predicted values by various authors.

4. The “18th birthday effect” is the size of the transition from a 
pediatric equation to adults ones 

5.   Children younger than 6y ? 

6.   Ethnicity  ?

Facing the Pitfalls  - on the way to GLI 



GLI - Global Lungs Initiative -2012 

Age and height-based prediction bias in spirometry reference equation.  
Quanjer PH1, Hall GL, Stanojevic S, Cole TJ, Stocks J; Global Lungs Initiative Eur Respir J. 2012 . 
40 Collaborators in alphabetic order:  Baur X,……………………, Vilozni D, Vlachos H, West S, Wouters EF, Zagami D.

Multi-ethnic reference values for spirometry for the 3-95-yr age range: the global lung function 2012 equations.
Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL, Culver BH, Enright PL, Hankinson JL, Ip MS, Zheng J, Stocks J; 
ERS Global Lung Function Initiative. Collaborators: Eur Respir J. 2012

Spirometry centile charts for young Caucasian children: the Asthma UK Collaborative Initiative.
Stanojevic S, Wade A, Cole TJ, Lum S, Custovic A, Silverman M, Hall GL, Welsh L, Kirkby J, Nystad W, Badier M, Davis 
S, Turner S, Piccioni P, Vilozni D, Eigen H, Vlachos-Mayer H, Zheng J, Tomalak W, Jones M, Hankinson JL, Stocks J; 
Asthma UK Spirometry Collaborative Group.  Am J Respir Crit Care Med. 2009

Israeli contribution ages 3-6years: 
The role of computer games in measuring spirometry in healthy and "asthmatic" preschool children.
Vilozni D, Barak A, Efrati O, Augarten A, Springer C, Yahav Y, Bentur L.  Chest. 2005 Sep;128(3):1146-55.
An interactive computer-animated system (SpiroGame) facilitates spirometry in preschool children.
Vilozni D, Barker M, Jellouschek H, Heimann G, Blau H.   Am J Respir Crit Care Med. 2001

https://www.ncbi.nlm.nih.gov/pubmed/22743675
https://www.ncbi.nlm.nih.gov/pubmed/19574442
https://www.ncbi.nlm.nih.gov/pubmed/16162700
https://www.ncbi.nlm.nih.gov/pubmed/11751188


 Actual spirometry outcomes from researchers and health care professionals 
around the world. 

 supported by 6-large international respiratory societies. 
World wide network that included clinicians, researchers, technicians, engineers 
and manufacturers. 

 GLI Objective:  to derive reference equations for spirometry that covered an age 
range from pre-school children to old age and as many ethnic groups as possible

 The data were collated and analyzed with modern statistical techniques 
(GLAMS), and led to the GLI-2012 prediction equations. 

2012 GLI - Global Lungs Initiative 



GLI findings:  FEV1 grows during childhood.  
FEV1 grows slower in relation to height up so 140-160cm
FEV1 declines with age after puberty 

During adolescence the relationship between age, height and spirometry changes
GLI  introduced this relationship and combined them to a single equation



There is  a rise and fall in FEV1/FVC around adolescence, due to differential 
changes in FEV1 and FVC

FEV1

FVC 

FEV1/FVC



• Between 3 - ~10 years of age - The predicted value quickly fall 
• Between   ~16 y of age,  ~20y there is a rise in the ratio 

then a gradual non-linear decline in adults 

Meaning:    
the FEV1 and the VC are not in the same predicted phase:
After birth the VC grows proportionally faster than the FEV1, 
This pattern is temporarily reversed during the adolescent growth spurt 



GLAMS Analysis of data from boys and girls from 15 difference centers, 
comprising different ethnic groups. 

Evidence that the findings were not an artifact 



A difference of 0% indicates that the predicted values perfectly match the GLI 2012 
data.

Polgar

Polgar revised (ECSC)

GLI

Differences between predicted equations and the meaning of using them



FEV1
Age 17.99 yrs vs.                 Age 18.0 yrs

GLI 2012 

Absolute error mL (Error %from GLI)

Hankinson -33–268                                             (-1-5%)

ECCS children/adults 263–450                                             (-7-12%)

Polgar 192–538                                              (4-22%)

The differences between predicted values for FEV1

at 17.99 and 18.0 yrs for 282 boys of identical height (mL) 
according–various reference equations. 



The lower limit of normal (LLN) for FEV1 and FVC expressed as a %%
of the GLI-2012 predicted values in the 3-95 year age range. 

The lower limit of normal (LLN) defines between normal and  abnormal



zScore%predicted

> -20 - 70MILD

-2.5  - -260-69Moderate

-3.0 - -2.550-59Moderately severe 

-4.0 - -3.035-49Severe

<  -4 <35Very Sever

Grading system for categorization of airways obstruction



1. By continuing using  Polgar,  values can be “too good”

2. Which equation should we use ?  Given that the GLI includes FVC, FEV1, 
FEV0.75, FEF25-75. (Lung volumes were already presented)

3. Can  we use any single equation for follow-up? 

4. How to announce this change?  

5. To use the GLI equations one must upgrade the spirometer


