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17038 participants from 27 study centers in 13 countries 

originally participated in the medical examination of ECRHS I 

↓ 

14388 participants from 27 study centers in 13 countries 

were ≥25 years old 

↓ 

8455 participants from 22 study centers in 11 countries 

had NDVI assigned to residential addresses at least at two ECRHS surveys  

↓ 

5559 participants from 22 study centers in 11 countries 

had lung function measurements at least at two ECRHS surveys, for which NDVI data 

were available: 

2154 participants with data at ECRHS I, II and II 

1931 participants with data at ECRHS I and II 

571 participants with data at ECRHS 1 and III 

903 participants with data at ECRHS II and III 

Figure S1. Flowchart of the study participants. 
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Table S1. Spirometers used for lung function measurements at every ECRHS survey. 

 

Study centre ECRHS I ECRHS II ECRHS III 

Reykjavik SensorMedics displacement SensorMedics displacement NDD 

Umeå SensorMedics displacement SensorMedics displacement NDD 

Bergen SensorMedics displacement SensorMedics displacement NDD 

Uppsala SensorMedics displacement SensorMedics displacement NDD 

Tartu Jaeger pneumotach Jaeger pneumotach NDD 

Gothenburg SensorMedics displacement SensorMedics displacement NDD 

Norwich Biomedin spiro Biomedin spiro NDD 

Ipswich Biomedin spiro Biomedin spiro NDD 

Antwerp city SensorMedics displacement Jaeger pneumotach NDD 

South Antwerp SensorMedics displacement Jaeger pneumotach NDD 

Erfurt Jaeger pneumotach Jaeger pneumotach NDD 

Paris Biomedin spiro Biomedin spiro NDD 

Basel SensorMedics hot wire SensorMedics hot wire NDD 

Grenoble Biomedin spiro Biomedin spiro NDD 

Verona Biomedin spiro Biomedin spiro Biomedin spiro 

Pavia Biomedin spiro Biomedin spiro NDD 

Turin Biomedin spiro Biomedin spiro Biomedin spiro 

Oviedo Biomedin spiro Biomedin spiro NDD 

Galdakao Biomedin spiro Biomedin spiro NDD 

Barcelona Biomedin spiro Biomedin spiro NDD 

Albacete Biomedin spiro Biomedin spiro NDD 

Huelva Biomedin spiro Biomedin spiro NDD 
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Table S2. Landsat 4-5 TM satellite images used for NDVI calculations. 

 

# Study centre 
ECRHS I ECRHS II ECRHS III 

Date Path Row(s) Date Path Row(s) Date Path Row(s) 

1 Reykjavik 31.08.90 221 15 15.08.98 220 15 19.07.06 220 15 

2 Umeå 14.06.89 192 14, 15, 16 30.07.03 193 15, 16 28.06.09 193 14, 15, 16 

  21.06.89 193 15, 16 23.07.04 194 15, 16 26.06.09 195 14, 15, 16 

  19.06.89 195 14, 15, 16 19.07.03 196 15 24.06.09 197 14, 15 

  15.07.90 196 14, 15, 16       

3 Bergen 27.07.90 200 15, 16, 17, 18, 19 15.07.03 200 16, 19 29.09.10 199 15, 16, 17, 18 

  25.07.90 202 16, 17, 18 06.07.03 201 17, 18 04.09.10 200 19 

        27.09.10 201 16, 17, 18, 19 

4 Uppsala 23.06.89 191 18, 19 11.09.04 192 18, 19, 20 30.06.09 191 18, 19 

  07.07.89 193 18, 19 24.08.04 194 18 28.06.09 193 18, 19 

     07.09.03 194 19    

5 Tartu 13.05.90 187 19 03.08.99 186 19 08.06.11 187 19 

6 Gothenburg 05.07.89 195 19, 20 07.06.02 195 19, 20 26.06.09 195 19, 20 

  03.07.89 197 19 14.06.02 196 19 03.07.09 196 19 

7 Norwich 11.07.90 200 23 16.05.02 201 23 26.06.11 201 23 

8 Ipswich 11.07.90 200 24 16.05.02 201 24 05.07.11 200 24 

        26.06.11 201 24 

9 Antwerp city 14.07.90 197 25 19.09.03 198 24, 25 06.09.10 198 24, 25 

  13.07.90 198 24, 25       

  20.07.90 199 24       

10 South Antwerp 14.07.90 197 25 19.09.03 198 24, 25 06.09.10 198 24, 25 

  13.07.90 198 24, 25       

  20.07.90 199 24       

11 Erfurt 30.07.92 194 24, 25 06.08.03 194 24, 25 08.07.10 194 24, 25 

12 Paris 09.05.87 199 26 09.08.03 199 26 16.07.06 199 26 

13 Basel 18.05.92 195 27, 28 23.06.02 195 27, 28 31.07.10 195 27, 28 

14 Grenoble 01.07.85 196 28, 29 14.06.02 196 28, 29 09.06.06 196 28, 29 

15 Verona 30.07.91 192 28, 29 07.07.03 192 28, 29 10.07.10 192 28, 29 
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     30.07.03 193 28 17.07.10 193 28 

16 Pavia 31.05.90 193 29 31.07.01 194 28, 29 30.07.09 193 29 

17 Turin 18.05.92 195 29 05.07.03 194 29 24.05.11 194 29 

18 Oviedo    05.08.03 203 30 24.06.11 203 30 

19 Galdakao    07.08.03 201 30 26.06.11 201 30 

20 Barcelona    20.05.02 197 31 04.10.11 197 31 

        11.10.11 198 31 

21 Albacete    26.09.03 199 33 09.10.11 200 33 

     17.09.03 200 33    

22 Huelva    15.09.03 202 34 05.09.11 202 34 
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Table S3. Associations between residential greenness (NDVI) in 100m and 300m buffers around home and lung function change over a 20-year 

period1, assessed by mixed linear models. Effect estimates are expressed as change following a 0.2-increase in NDVI. 

 

Model 

FEV1 (mL/year)  FVC (mL/year)  FEV1/FVC (%/year) 

n ß 95% CI  n ß 95% CI  n ß 95% CI 

NDVI in 100m buffer             

  Minimally adjusted2 5559 −0.47 (−1.16 to 0.22)  5559 −0.83 (−1.67 to 0.02)  5559 0.009 (−0.002 to 0.021) 

  Main3 5316 −0.56 (−1.29 to 0.17)  5316 −1.05 (−1.93 to −0.16)  5316 0.011 (−0.001 to 0.023) 

NDVI in 300m buffer             

  Minimally adjusted2 5559 −0.39 (−1.12 to 0.33)  5559 −1.01 (−1.89 to −1.13)  5559 0.012 (0.000 to 0.024) 

  Main3 5316 −0.37 (−1.13 to 0.39)  5316 −1.08 (−2.00 to −0.17)  5316 0.014 (0.001 to 0.026) 

 

CI – confidence interval; FEV1 - forced expiratory volume in 1 second; FVC – forced vital capacity; NDVI – Normalized Difference Vegetation Index. 

Boldface indicates p-value <0.05. 

1An interaction term between the greenness variable and age at lung function measurements captures the effect of greenness on the rate of change of lung 

function parameter. 

2 With random intercepts for subjects nested within centers, and adjusted for sample, sex, age, age squared, and height. 

3 With random intercepts for subjects nested within centers, and adjusted for sample, sex, age, age squared, height, age at completion of full-time education, 

occupation, weight, and smoking status and lifetime pack-years smoked.  
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Table S4. Additional associations between residential greenness (NDVI) in a 500m buffer and lung function change over a 20-year period1, 

assessed by mixed linear models. Effect estimates are expressed as change following a 0.2-increase in NDVI. 

 

Model 

FEV1 (mL/year)  FVC (mL/year)  FEV1/FVC (%/year) 

n ß 95% CI  n ß 95% CI  n ß 95% CI 

Main with BMI2 5316 −0.57 (−1.33 to 0.20)  5316 −1.29 (−2.22 to −0.37)  5316 0.012 (−0.001 to 0.025) 

Minimally adjusted, with fixed effect 

for center3 
5559 −0.73 (−1.47 to −0.001)  5559 −1.42 (−2.31 to −0.53)  5559 0.011 (−0.001 to 0.023) 

Main, with fixed effect for center4 5316 −0.56 (−1.33 to 0.21)  5316 −1.26 (−2.19 to −0.34)  5316 0.012 (−0.001 to 0.025) 

 
CI – confidence interval; FEV1 - forced expiratory volume in 1 second; FVC – forced vital capacity; NDVI – Normalized Difference Vegetation Index 

Boldface indicates p-value <0.05. 

1 An interaction term between the greenness variable and age at lung function measurements captures the effect of greenness on the rate of change of lung 

function parameter. 

2 With random intercepts for subjects nested within centers, and adjusted for sample, sex, age, age squared, age at completion of full-time education, occupation, 

BMI, and smoking status and lifetime pack-years smoked 

3 With random intercepts for subjects, and adjusted for centers, sample, sex, age, age squared, and height. 

4 With random intercepts for subjects, and adjusted for centers, sample, sex, age, age squared, height, age at completion of full-time education, occupation, 

weight, and smoking status and lifetime pack-years smoked 
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Table S5. Associations between presence of green space of at least one hectare in a 300 m buffer1 around home and lung function change over a 

20-year period2, assessed by mixed linear models. 

 

Model/type of green spaces 
FEV1 (mL/year)  FVC (mL/year)  FEV1/FVC (%/year) 

n ß 95% CI  n ß 95% CI  n ß 95% CI 

Minimally adjusted3            

  Agricultural 2821 −0.65 (−2.18 to 0.88)  2820 −2.09 (−3.91 to −0.27)  2820 0.025 (−0.001 to 0.051) 

  Forest 2821 −2.31 (−3.98 to −0.65)  2820 −4.76 (−6.74 to −2.79)  2820 0.026 (−0.002 to 0.055) 

  Urban green 2821 −1.81 (−3.27 to −0.34)  2820 −1.72 (−3.47 to 0.02)  2820 −0.004 (−0.030 to 0.021) 

Main4            

  Agricultural 2744 −0.60 (−2.24 to 1.42)  2744 −2.55 (−4.49 to −0.62)  2742 0.034 (0.005 to 0.062) 

  Forest 2744 −2.31 (−4.09 to −0.53)  2744 −4.93 (−7.03 to −2.84)  2742 0.025 (−0.006 to 0.056) 

  Urban green 2744 −1.92 (−3.49 to −0.36)  2744 −1.10 (−2.95 to 0.75)  2742 −0.017 (−0.044 to 0.010) 

CI – confidence interval; FEV1 - forced expiratory volume in 1 second; FVC – forced vital capacity. 

Boldface indicates p-value <0.05. 

1 Reference is no green spaces. 

2 An interaction term between the green spaces variable and age at lung function measurements captures the effect of green spaces on the rate of change of lung 

function parameter. 

3 With random intercepts for subjects nested within centers, and adjusted for sample, sex, age, age squared, and height. 

4 With random intercepts for subjects nested within centers, and adjusted for sample, sex, age, age squared, height, age at completion of full-time education, 

occupation, weight, and smoking status and lifetime pack-years smoked. 
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Figure S2. Associations between residential greenness (NDVI) in a 500m buffer around home and FEV1 change (mL/year) over a 20-year period, 

assessed by adjusted mixed linear models (with random intercepts for subjects nested within centers, and adjusted for sample, sex, age, age squared, 

height, age at completion of full-time education, occupation, weight, and smoking status and lifetime pack-years smoked) and stratified by potential 

effect modifiers. All potential modifiers refer to ECRHS I data except moving; moving history (ever mover, never mover) considered all ECRHS 

data across three surveys. Effect estimates are expressed as change following a 0.2-increase in NDVI.
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Local Principal Investigators, senior scientific teams and funding agencies for the European 

Community Respiratory Health Survey (ECRHS) 

 
ECRHS  

Co-ordinating centre: P. Burney, S. Chinn, C. Luczynska†, D. Jarvis, E. Lai (London).  

Project management group: P. Burney (Project leader-UK), S. Chinn (UK), C. Luczynska† (UK), D. 

Jarvis (UK), P. Vermeire† (Antwerp), H. Kesteloot (Leuven), J. Bousquet (Montpellier), D. Nowak 

(Hamburg), J. Prichard† (Dublin), R. de Marco† (Verona), B. Rijcken (Groningen), J.M. Anto 

(Barcelona), J. Alves (Oporto), G. Boman (Uppsala), N. Nielsen (Copenhagen), P. Paoletti (Pisa). 

Steering Committee of ECRHS II: U. Ackermann-Liebrich (University of Basel, Switzerland); N. 

Kuenzli (University of Basel, and University of Southern California, Los Angeles, USA); J.M. Antó 

and J. Sunyer (Institut Municipal d’Investigació Médica (IMIM-IMAS), Universitat Pompeu Fabra 

(UPF), Spain); P. Burney (project leader), S Chinn, D. Jarvis, J. Knox and C. Luczynska† (King’s 

College London, UK); I. Cerveri (University of Pavia, Italy); R. de Marco† (University of Verona, 

Italy); T. Gislason (Iceland University Hospital, Iceland); J. Heinrich and M. Wjst (GSF–Institute of 

Epidemiology, Germany); C. Janson (Uppsala University, Sweden); B. Leynaert and F. Neukirch 

(Institut National de la Sante´ et de la Recherche Medicale (INSERM), France); J. Schouten (University 

of Groningen, The Netherlands); C. Svanes (University of Bergen, Norway); P. Vermeire† (University 

of Antwerp, Belgium). 

Principal investigators and senior scientific teams of ECRHS II: Australia: (M. Abramson, E.H Walters, 

J. Raven); Belgium: South Antwerp and Antwerp City (P. Vermeire†, J. Weyler, M. van Sprundel, V. 

Nelen); Estonia: Tartu (R. Jõgi, A. Soon); France: Paris (F. Neukirch, B. Leynaert, R. Liard, M. Zureik), 

Grenoble (I. Pin, J. Ferran-Quentin); Bordeaux (A. Taytard, C. Raherison), Montpellier (J. bBousquet, 

P.J. Bousquet); Germany: Erfurt (J. Heinrich, M. Wjst, C. Frye, I. Meyer); Iceland: Reykjavik (T. 

Gislason, E. Bjornsson, D. Gislason, K.B. Jörundsdóttir); Italy: Turin (R. Bono, M. Bugiani, P.Piccioni, 

E. Caria, A. Carosso, E. Migliore, G. Castiglioni), Verona (R. de Marco†, G. Verlato, E. Zanolin, S. 

Accordini, A. Poli, V. Lo Cascio, M. Ferrari, I. Cazzoletti), Pavia (A. Marinoni, S. Villani, M. Ponzio, 

F. Frigerio, M. Comelli, M. Grassi, I. Cerveri, A. Corsico); The Netherlands: Groningen and Geleen (J. 

Schouten, M. Kerkhof); Norway: Bergen (A. Gulsvik, E. Omenaas, C. Svanes, B. Laerum); Spain: 

Albacete (J. Martinez-Moratalla Rovira, E. Almar, M. Arévalo, C. Boix, G. González, J.M. Ignacio 

García, J. Solera, J. Damián), Galdakao (N. Muñozguren, J. Ramos, I. Urrutia, U. Aguirre), Barcelona 

(J.M. Antó, J. Sunyer, M. Kogevinas, J.P. Zock, X. Basagaña, A. Jaen, F. Burgos, C. Acosta), Huelva 

(J. Maldonado, A. Pereira, J.L. Sanchez), Oviedo (F. Payo, I. Huerta, A. de la Vega, L. Palenciano, J. 

Azofra, A. Cañada); Sweden: Göteborg (K. Toren, L. Lillienberg, A.C. Olin, B. Balder, A. Pfeifer-

Nilsson, R. Sundberg), Umeå (E. Norrman, M. Soderberg, K.A. Franklin, B. Lundback, B. Forsberg, L. 

Nystrom), Uppsala (C. Janson, G. Boman, D. Norback, G. Wieslander, M. Gunnbjornsdottir); 

Switzerland: Basel (N. Küenzli, B. Dibbert, M. Hazenkamp, M. Brutsche, U. Ackermann-Liebrich); 

United Kingdom: Ipswich (D. Jarvis, R. Hall, D. Seaton), Norwich (D. Jarvis, B. Harrison). 

Principal Investigators and senior scientific teams of ECRHS III: Australia: Melbourne (M. Abramson, 

G. Benke, S. Dharmage, B. Thompson, S. Kaushik, M. Matheson); Belgium: South Antwerp & Antwerp 

City (J. Weyler, H. Bentouhami, V. Nelen); Denmark: Aarhus (V. Schlunssen, T. Sigsgaard, R.Dahl); 

Estonia: Tartu (R. Jõgi, H.Orru); France: Bordeaux (C. Raherison, P.O. Girodet), Grenoble (I. Pin, V. 

Siroux, J. Ferran, J.L. Cracowski), Montpellier (P. Demoly, A.Bourdin, I. Vachier), Paris (B. Leynaert, 

D. Soussan, D. Courbon, C. Neukirch, L. Alavoine, X. Duval, I. Poirier); Germany: Erfurt (J. Heinrich, 

E. Becker, G. Woelke, O. Manuwald), Hamburg (H. Magnussen, D. Nowak, A.M. Kirsten); Iceland: 

Reykjavik (T. Gislason, B. Benediktsdottir, D. Gislason, E.S. Arnardottir, M. Clausen, G. 

Gudmundsson, L. Gudmundsdottir, H. Palsdottir, K. Olafsdottir, S. Sigmundsdottir, K. Bara-

Jörundsdottir); Italy: Pavia (I. Cerveri, A.Corsico, A. Grosso, F. Albicini, E. Gini, E.M. Di Vincenzo, 

V. Ronzoni, S. Villani, F. Campanella, M. Gnesi, F. Manzoni, L. Rossi, O. Ferraro),Turin: (M. Bugiani, 

R. Bono, P. Piccioni, R. Tassinari, V. Bellisario, G. Trucco), Verona: (R de Marco†, S. Accordini, L. 

Calciano, L. Cazzoletti, M. Ferrari, A.M. Fratta Pasini, F. Locatelli, P. Marchetti, A. Marcon, E. 
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Montoli, G. Nguyen, M. Olivieri, C. Papadopoulou, C.Posenato, G. Pesce, P. Vallerio, G. Verlato, E. 

Zanolin); Netherlands: Groningen (H.M. Boezen); Norway: (C. Svanes, E. Omenaas, A. Johannessen, 

T. Skorge, F. Gomez Real); Spain: Albacete (J. Martinez-Moratalla Rovira, E. Almar, A. Mateos, S. 

García, A. Núñez, P. López, R. Sánchez, E. Mancebo), Barcelona:(J.M. Antó, J.P. Zock, J. Garcia-

Aymerich, M. Kogevinas, X. Basagaña, A.E. Carsin, F. Burgos, C. Sanjuas, S. Guerra, B. Jacquemin, 

P. Davdand); Galdakao (N. Muñozguren, I. Urrutia, U. Aguirre, S. Pascual); Huelva (J. Antonio 

Maldonado, A. Pereira, J. Luis Sánchez, L. Palacios); Oviedo (F. Payo, I. Huerta, N. Sánchez, M. 

Fernández, B. Robles); Sweden: Göteborg (K. Torén, M. Holm, J.L. Kim, A.C. Olin, A. Dahlman-

Höglund), Umeå (B. Forsberg, L. Braback, L. Modig, B. Järvholm, H. Bertilsson, K.A. Franklin, C. 

Wahlgreen), Uppsala:(B. Andersson, D. Norback, U. Spetz Nystrom, G. Wieslander, G.M. Bodinaa 
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