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Long-term air pollution exposure and lung function in 15 year-old adolescents living in an urban and rural area in Germany: the GINIplus and LISAplus cohorts
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Lung function measurements
Lung function measurements were done using one instrument and by two technicians in each study area (thus a total of two instruments and four technicians). For quality assurance of the equipment, the spirometer was calibrated daily before spirometry with a three litre calibration pump supplied by the manufacturer (ndd, Zürich, Switzerland). No differences in the distribution of the lung function variables were observed across the four technicians. During the lung function measurements, the children were seated and wearing noseclips. A pneumotachograph-type spirometer (EasyOne Worldspirometer, ndd, Zürich, Switzerland) was used to obtain flow-volume curves. The participants performed at least three but not more than eight trials per test under the guidance of specifically trained and experienced examiners in order to obtain optimal-flow volume curves. After the completion of baseline spirometry and examination for contraindications (e.g. tachyarrhythmias, severe hyperthyreosis, or myocarditis), subjects inhaled medication to induce a bronchodilator response, according to the ATS/ERS recommendations (Miller et al. 2005). Two puffs of salbutamol (two times one 100µg puff) were delivered into a spacer (Volumatic) by a metered dose inhaler. The subject was asked to take five slow deep breaths and hold their breath for five to ten seconds to allow optimal particle deposition. Spirometry was performed 15 minutes after salbutamol inhalation. Although initially a 400 µg dose of salbutamol was used during the pilot phase, this does was reduced to 200 µg six weeks after the study was initiated as unwanted side effects were frequently observed (tachycardia, palpitation, tremor or feeling of anxiety).

All spirometry manoeuvres were visually inspected by experienced physicians. Tests which did not meet the ATS/ERS acceptability criteria were excluded from the analysis. In total, 11301 (62.2%) of 18180 tests and 9504 (73.7%) of 12892 tests before and after bronchodilation, respectively, were deemed acceptable. From the 2878 individuals tested before bronchodilation, 121 (4.2%) subjects did not have any acceptable tests. From the 2787 individuals tested after bronchodilation, 140 (5.0%) subjects did not have any acceptable tests. Ultimately, 2757 and 2647 subjects had acceptable response tests before and after bronchodilation, respectively, that could be used for analyses. 
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Figure S1: Flow chart of study population. 

*The Leipzig (N =976) and Bad Honnef (N = 306) study areas were excluded as the required air pollution and lung function data were not available.
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Figure S2: Map of Germany (A) with the spatial distribution of the long-term NO2 concentrations assessed to the 15-year home addresses of participants in GINI/LISA North (B) and GINI/LISA South (C). The monitoring sites used for estimating short-term air pollution exposures are also indicated. 
Table S1: Characteristics of the standard deviation scores (z-scores) of the lung function variables, derived according to the Global Lung Function Initiative, measured before and after bronchodilation in the complete and study area specific populations [mean (standard deviation)]  
	
	Complete


	GINI/LISA South

 
	GINI/LISA North

 

	Before bronchodilation
	(N = 2266)
	(N = 1274)
	(N = 992)

	FEV1 (ml)
	-0.56 (0.93)
	-0.45 (0.94)
	-0.70 (0.90)

	FVC (ml)
	-0.51 (0.93)
	-0.46 (0.94)
	-0.57 (0.91)

	FEV1 / FVC (%)
	-0.10 (0.99)
	0.01 (1.01)
	-0.25 (0.96)

	FEF75 (ml/s)
	-0.42 (0.95)
	-0.31 (0.95)
	-0.56 (0.93)

	FEF25-75 (ml/s)
	-0.13 (0.93)
	-0.01 (0.93)
	-0.28 (0.91)

	After bronchodilation
	(N = 2146)
	(N = 1229)
	(N = 917)

	FEV1 (ml)
	-0.33 (0.93)
	-0.24 (0.93)
	-0.46 (0.91)

	FVC (ml)
	-0.52 (0.93)
	-0.48 (0.93)
	-0.57 (0.93)

	FEV1 / FVC (%)
	0.31 (0.92)
	0.42 (0.90)
	0.17 (0.91)

	FEF75 (ml/s)
	0.32 (0.92)
	0.44 (0.91)
	0.17 (0.91)

	FEF25-75 (ml/s)
	0.03 (0.90)
	0.14 (0.90)
	-0.11 (0.88)


Table S2: Study area specific Spearman's correlation coefficients between long-term and short-term* air pollutants 
	Study population
	Air pollutants
	      Long-term air pollutants
	
	
	      Short-term air pollutants
	

	
	
	NO2
	PM10 mass
	PM2.5 mass
	PM2.5 abs.
	Ozone
	NO2
	PM10 mass
	PM2.5 mass
	Ozone

	GINI/LISA South
	Long-term 

air pollutants
	NO2
	1.00
	0.58
	0.15
	0.46
	-0.56
	-0.05
	0.01
	0.02
	-0.02

	
	
	PM10 mass
	
	1.00
	0.30
	0.70
	-0.24
	-0.02
	0.02
	0.03
	-0.04

	
	
	PM2.5 mass
	
	
	1.00
	0.33
	0.01
	-0.04
	-0.05
	-0.06
	0.00

	
	
	PM2.5 abs.
	
	
	
	1.00
	-0.04
	0.00
	0.03
	0.03
	-0.02

	
	
	Ozone
	
	
	
	
	1.00
	0.02
	-0.01
	-0.02
	-0.03

	
	Short-term 

air pollutants
	NO2
	
	
	
	
	
	1.00
	0.52
	0.45
	-0.25

	
	
	PM10 mass
	
	
	
	
	
	
	1.00
	0.94
	0.03

	
	
	PM2.5 mass
	
	
	
	
	
	
	
	1.00
	0.02

	
	
	Ozone
	
	
	
	
	
	
	
	
	1.00

	GINI/LISA North
	Long-term 

air pollutants
	NO2
	1.00
	0.75
	0.72
	0.78
	-0.47
	-0.02
	0.04
	0.04
	0.02

	
	
	PM10 mass
	
	1.00
	0.78
	0.91
	-0.61
	-0.04
	0.02
	0.02
	0.00

	
	
	PM2.5 mass
	
	
	1.00
	0.74
	-0.66
	-0.03
	0.00
	0.01
	0.00

	
	
	PM2.5 abs.
	
	
	
	1.00
	-0.55
	-0.03
	0.01
	0.01
	0.01

	
	
	Ozone
	
	
	
	
	1.00
	0.04
	0.01
	0.00
	0.00

	
	Short-term 

air pollutants
	NO2
	
	
	
	
	
	1.00
	0.55
	0.55
	-0.46

	
	
	PM10 mass
	
	
	
	
	
	
	1.00
	0.97
	-0.09

	
	
	PM2.5 mass
	
	
	
	
	
	
	
	1.00
	-0.13

	
	
	Ozone
	
	
	
	
	
	
	
	
	1.00


abs. = absorbance
*short-term PM2.5 absorbance concentrations were not available

Table S3: Pooled and study area specific estimated change in lung function variables before bronchodilation per corresponding interquartile range increase in long-term air pollution concentrations estimated to the birth and ten-year home addresses
	
	Long-term effects of air pollutants assessed to the birth address
	Long-term effects of air pollutants assessed to the ten-year address

	
	Pooled
	GINI/LISA South
	GINI/LISA North
	Pooled
	GINI/LISA South
	GINI/LISA North

	
	Beta [95% CI]
	Beta [95% CI]
	Beta [95% CI]
	Beta [95% CI]
	Beta [95% CI]
	Beta [95% CI]

	NO2 
	
	
	
	
	

	FEV1 (ml)
	3.31 [-18.28; 24.90]
	-9.83 [-45.37; 25.71]
	20.34 [-8.98; 49.67]
	-6.53 [-32.72; 19.66]
	-18.16 [-52.93; 16.61]
	8.78 [-20.79; 38.36]

	FVC (ml)
	12.88 [-10.80; 36.56]
	3.27 [-35.84; 42.38]
	27.60 [-4.55; 59.75]
	3.16 [-25.55; 31.86]
	-8.04 [-46.23; 30.15]
	14.26 [-18.18; 46.71]

	FEV1/FVC (%)
	-0.15 [-0.47; 0.16]
	-0.20 [-0.74; 0.34]
	-0.13 [-0.55; 0.28]
	-0.20 [-0.59; 0.18]
	-0.23 [-0.76; 0.29]
	-0.08 [-0.50; 0.34]

	PEF (ml/s)
	-26.25 [-80.61; 28.12]
	-55.89 [-144.26; 32.48]
	17.30 [-58.60; 93.20]
	-32.00 [-97.79; 33.79]
	-64.88 [-150.92; 21.15]
	24.07 [-52.46; 100.59]

	FEF25 (ml/s)
	-15.92 [-70.76; 38.91]
	-38.67 [-128.74; 51.41]
	20.67 [-55.08; 96.42]
	-7.75 [-74.22; 58.71]
	-28.50 [-116.48; 59.48]
	29.55 [-46.83; 105.92]

	FEF50 (ml/s)
	-7.73 [-58.47; 43.02]
	-17.60 [-101.72; 66.52]
	15.93 [-53.10; 84.96]
	-30.75 [-92.31; 30.81]
	-52.61 [-134.90; 29.68]
	12.76 [-56.80; 82.32]

	FEF75 (ml/s)
	-0.95 [-36.92; 35.02]
	-7.01 [-69.94; 55.92]
	-1.28 [-46.09; 43.53]
	-19.91 [-63.48; 23.67]
	-24.35 [-85.81; 37.11]
	-13.86 [-58.98; 31.25]

	FEF25-75 (ml/s)
	-5.63 [-50.61; 39.34]
	-12.91 [-88.78; 62.96]
	3.01 [-56.71; 62.72]
	-27.89 [-82.45; 26.68]
	-42.18 [-116.43; 32.08]
	-1.74 [-61.90; 58.42]

	PM10 mass 
	
	
	
	
	

	FEV1 (ml)
	-4.89 [-51.92; 42.13]
	-16.62 [-48.20; 14.96]
	23.46 [-15.81; 62.74]
	-8.35 [-56.91; 40.20]
	-3.74 [-36.22; 28.75]
	-7.75 [-41.23; 25.73]

	FVC (ml)
	21.79 [-29.77; 73.35]
	4.33 [-30.42; 39.08]
	20.03 [-23.13; 63.19]
	-6.83 [-60.02; 46.35]
	0.78 [-34.87; 36.44]
	-15.20 [-51.97; 21.58]

	FEV1/FVC (%)
	-0.49 [-1.19; 0.20]
	-0.39 [-0.87; 0.09]
	0.04 [-0.52; 0.60]
	-0.06 [-0.77; 0.65]
	-0.08 [-0.58; 0.41]
	0.07 [-0.41; 0.55]

	PEF (ml/s)
	-39.68 [-158.32; 78.97]
	-60.06 [-138.63; 18.50]
	78.18 [-23.67; 180.03]
	24.14 [-98.07; 146.34]
	-15.55 [-96.02; 64.92]
	56.58 [-30.29; 143.45]

	FEF25 (ml/s)
	-54.41 [-174.00; 65.18]
	-63.72 [-143.75; 16.30]
	62.75 [-38.82; 164.31]
	14.61 [-108.79; 138.00]
	-15.20 [-97.39; 66.99]
	48.86 [-37.77; 135.48]

	FEF50 (ml/s)
	-62.76 [-172.93; 47.42]
	-57.45 [-132.18; 17.28]
	30.56 [-61.17; 122.30]
	-26.11 [-139.94; 87.72]
	-24.58 [-101.51; 52.36]
	11.06 [-67.12; 89.25]

	FEF75 (ml/s)
	-60.34 [-138.80; 18.13]
	-51.13 [-107.00; 4.74]
	2.24 [-58.31; 62.79]
	-41.40 [-122.35; 39.56]
	-24.86 [-82.28; 32.56]
	-17.94 [-69.48; 33.61]

	FEF25-75 (ml/s)
	-70.77 [-168.54; 27.00]
	-58.64 [-125.99; 8.71]
	10.36 [-69.37; 90.10]
	-29.08 [-130.13; 71.97]
	-18.31 [-87.70; 51.08]
	-8.96 [-76.88; 58.96]

	PM2.5 mass
	
	
	
	

	FEV1 (ml)
	56.01 [-29.72; 141.74]
	1.65 [-30.20; 33.50]
	33.71 [-2.14; 69.56]
	37.45 [-57.37; 132.28]
	9.50 [-19.94; 38.95]
	7.60 [-25.92; 41.12]

	FVC (ml)
	70.07 [-23.93; 164.06]
	6.85 [-28.18; 41.88]
	35.18 [-4.20; 74.56]
	44.60 [-59.27; 148.46]
	14.93 [-17.38; 47.24]
	4.97 [-31.85; 41.79]

	FEV1/FVC (%)
	-0.14 [-1.40; 1.12]
	-0.07 [-0.55; 0.41]
	0.02 [-0.49; 0.53]
	-0.13 [-1.52; 1.26]
	-0.08 [-0.53; 0.36]
	0.04 [-0.44; 0.52]

	PEF (ml/s)
	87.82 [-128.55; 304.19]
	-23.00 [-102.27; 56.27]
	94.90 [1.92; 187.88]
	202.24 [-36.28; 440.77]
	22.58 [-50.36; 95.53]
	74.55 [-12.34; 161.45]

	FEF25 (ml/s)
	106.72 [-111.37; 324.81]
	-4.86 [-85.62; 75.90]
	86.43 [-6.28; 179.15]
	146.59 [-94.32; 387.51]
	3.57 [-70.94; 78.09]
	75.05 [-11.57; 161.67]

	FEF50 (ml/s)
	54.99 [-146.02; 256.01]
	-5.82 [-81.23; 69.59]
	48.22 [-35.62; 132.06]
	34.28 [-188.08; 256.63]
	-7.17 [-76.92; 62.59]
	28.56 [-49.73; 106.84]

	FEF75 (ml/s)
	-2.80 [-146.03; 140.43]
	-10.33 [-66.74; 46.08]
	10.95 [-44.44; 66.34]
	-35.90 [-194.10; 122.29]
	-11.60 [-63.67; 40.47]
	-5.77 [-57.43; 45.90]

	FEF25-75 (ml/s)
	19.67 [-158.77; 198.11]
	-8.84 [-76.83; 59.14]
	25.19 [-47.71; 98.08]
	-12.22 [-209.62; 185.19]
	-12.08 [-74.99; 50.83]
	6.91 [-61.12; 74.95]

	PM2.5 absorbance
	
	
	
	
	

	FEV1 (ml)
	20.32 [-24.90; 65.54]
	1.27 [-26.14; 28.68]
	11.35 [-19.14; 41.83]
	14.44 [-31.48; 60.36]
	13.41 [-16.45; 43.27]
	-6.58 [-36.31; 23.15]

	FVC (ml)
	17.83 [-31.76; 67.42]
	0.26 [-29.89; 30.41]
	9.21 [-24.28; 42.69]
	-1.14 [-51.45; 49.17]
	12.73 [-20.05; 45.50]
	-19.27 [-51.90; 13.36]

	FEV1/FVC (%)
	0.08 [-0.58; 0.75]
	0.09 [-0.33; 0.50]
	-0.02 [-0.46; 0.41]
	0.29 [-0.39; 0.96]
	0.06 [-0.40; 0.51]
	0.18 [-0.24; 0.60]

	PEF (ml/s)
	9.58 [-104.54; 123.70]
	-11.99 [-80.22; 56.24]
	19.24 [-59.87; 98.36]
	49.64 [-65.93; 165.22]
	23.30 [-50.69; 97.28]
	8.18 [-69.03; 85.40]

	FEF25 (ml/s)
	24.72 [-90.31; 139.75]
	2.22 [-67.28; 71.73]
	18.32 [-60.53; 97.18]
	91.27 [-25.36; 207.91]
	41.07 [-34.46; 116.61]
	31.28 [-45.66; 108.22]

	FEF50 (ml/s)
	32.57 [-73.44; 138.57]
	21.53 [-43.36; 86.42]
	1.69 [-69.53; 72.91]
	54.21 [-53.44; 161.86]
	13.07 [-57.68; 83.82]
	25.64 [-43.79; 95.07]

	FEF75 (ml/s)
	29.30 [-46.22; 104.82]
	17.54 [-31.00; 66.08]
	0.92 [-46.09; 47.94]
	-2.78 [-79.39; 73.83]
	-2.84 [-55.66; 49.98]
	-8.02 [-53.84; 37.81]

	FEF25-75 (ml/s)
	27.99 [-66.10; 122.09]
	23.75 [-34.74; 82.25]
	-6.72 [-68.60; 55.17]
	26.38 [-69.21; 121.97]
	11.26 [-52.55; 75.07]
	2.57 [-57.78; 62.91]

	Ozone
	
	
	
	

	FEV1 (ml)
	-0.47 [-27.75; 26.80]
	5.07 [-4.73; 14.88]
	-36.58 [-89.90; 16.74]
	7.01 [-18.55; 32.56]
	7.44 [-18.87; 33.74]
	-5.25 [-60.98; 50.47]

	FVC (ml)
	-15.09 [-44.91; 14.73]
	-0.19 [-10.96; 10.58]
	-46.36 [-104.69; 11.97]
	11.37 [-16.59; 39.33]
	14.01 [-14.90; 42.92]
	-7.07 [-68.05; 53.92]

	FEV1/FVC (%)
	0.26 [-0.14; 0.66]
	0.10 [-0.05; 0.25]
	0.11 [-0.64; 0.86]
	-0.10 [-0.48; 0.27]
	-0.14 [-0.54; 0.26]
	-0.04 [-0.83; 0.74]

	PEF (ml/s)
	8.52 [-59.81; 76.85]
	14.43 [-9.81; 38.67]
	-91.25 [-228.32; 45.81]
	-1.03 [-65.03; 62.96]
	24.09 [-40.88; 89.07]
	-101.75 [-244.85; 41.36]

	FEF25 (ml/s)
	38.05 [-30.83; 106.94]
	23.29 [-1.43; 48.01]
	-55.03 [-191.82; 81.77]
	7.60 [-57.02; 72.21]
	22.22 [-44.24; 88.69]
	-59.29 [-202.16; 83.57]

	FEF50 (ml/s)
	40.28 [-23.33; 103.89]
	22.44 [-0.68; 45.57]
	-48.89 [-172.81; 75.03]
	9.20 [-50.44; 68.85]
	14.75 [-47.41; 76.91]
	-34.52 [-163.86; 94.83]

	FEF75 (ml/s)
	22.95 [-22.40; 68.30]
	11.91 [-5.41; 29.22]
	-2.32 [-84.11; 79.47]
	-7.02 [-49.51; 35.47]
	-11.11 [-57.62; 35.39]
	2.55 [-82.75; 87.86]

	FEF25-75 (ml/s)
	32.31 [-24.21; 88.83]
	17.19 [-3.69; 38.08]
	-23.86 [-131.53; 83.82]
	4.90 [-48.08; 57.89]
	4.72 [-51.40; 60.84]
	-11.63 [-123.99;100.73]


*Models are adjusted for age, height and weight at the time of lung function testing, sex, birth weight, breast feeding up to six months, parental atopy, maternal smoking during pregnancy, secondhand smoke exposure in the home during early life (up to four years), personal smoking at the age of 15 years, history of asthma or a bronchodilator response during the lung function testing, parental education, cohort, city (pooled models only) and short-term air pollution exposure.

Bold: p-value <0.05

Table S4: Pooled and study area specific estimated change in standard deviation scores (z-scores) before bronchodilation, derived according to the Global Lung Function Initiative, per corresponding interquartile range increase in long-term air pollution concentration assessed to the home address at 15 years of age*
	
	Long-term air pollution effects

	
	Pooled
	GINI/LISA South
	GINI/LISA North

	
	Beta [95% CI]
	Beta [95% CI]
	Beta [95% CI]

	NO2 
	
	

	FEV1 (ml)
	-0.01 [-0.07; 0.05]
	-0.03 [-0.11; 0.04]
	0.03 [-0.04; 0.10]

	FVC (ml)
	0.02 [-0.04; 0.08]
	0.00 [-0.07; 0.07]
	0.04 [-0.02; 0.11]

	FEV1 / FVC (%)
	-0.04 [-0.10; 0.02]
	-0.05 [-0.13; 0.03]
	-0.02 [-0.09; 0.05]

	FEF75 (ml/s)
	-0.03 [-0.08; 0.03]
	-0.04 [-0.12; 0.04]
	-0.01 [-0.08; 0.06]

	FEF25-75 (ml/s)
	-0.04 [-0.10; 0.02]
	-0.06 [-0.14; 0.02]
	0.01 [-0.06; 0.08]

	PM10 mass 
	
	

	FEV1 (ml)
	0.02 [-0.09; 0.12]
	0.02 [-0.06; 0.09]
	-0.01 [-0.08; 0.07]

	FVC (ml)
	0.03 [-0.07; 0.14]
	0.04 [-0.04; 0.11]
	-0.02 [-0.09; 0.05]

	FEV1 / FVC (%)
	-0.03 [-0.14; 0.08]
	-0.03 [-0.11; 0.05]
	0.02 [-0.06; 0.09]

	FEF75 (ml/s)
	-0.04 [-0.15; 0.07]
	-0.03 [-0.10; 0.05]
	-0.02 [-0.09; 0.06]

	FEF25-75 (ml/s)
	-0.03 [-0.14; 0.08]
	-0.02 [-0.10; 0.06]
	-0.00 [-0.08; 0.08]

	PM2.5 mass
	

	FEV1 (ml)
	0.04 [-0.16; 0.25]
	0.00 [-0.06; 0.07]
	0.02 [-0.05; 0.10]

	FVC (ml)
	0.08 [-0.12; 0.29]
	0.02 [-0.04; 0.09]
	0.01 [-0.06; 0.09]

	FEV1 / FVC (%)
	-0.08 [-0.31; 0.14]
	-0.04 [-0.11; 0.03]
	0.01 [-0.07; 0.08]

	FEF75 (ml/s)
	-0.09 [-0.30; 0.13]
	-0.03 [-0.10; 0.04]
	-0.01 [-0.08; 0.07]

	FEF25-75 (ml/s)
	-0.05 [-0.26; 0.17]
	-0.03 [-0.10; 0.04]
	0.01 [-0.07; 0.09]

	PM2.5 absorbance
	
	
	

	FEV1 (ml)
	0.06 [-0.04; 0.15]
	0.04 [-0.01; 0.10]
	-0.01 [-0.08; 0.06]

	FVC (ml)
	0.06 [-0.04; 0.15]
	

0.06 [0.01; 0.11]
	-0.03 [-0.10; 0.03]

	FEV1 / FVC (%)
	-0.02 [-0.12; 0.09]
	-0.04 [-0.10; 0.02]
	0.03 [-0.04; 0.10]

	FEF75 (ml/s)
	-0.01 [-0.11; 0.09]
	-0.01 [-0.07; 0.04]
	-0.01 [-0.08; 0.06]

	FEF25-75 (ml/s)
	0.01 [-0.09; 0.12]
	0.00 [-0.05; 0.06]
	0.01 [-0.07; 0.08]

	Ozone
	
	
	

	FEV1 (ml)
	0.01 [-0.05; 0.07]
	0.01 [-0.04; 0.07]
	-0.01 [-0.13; 0.10]

	FVC (ml)
	0.02 [-0.03; 0.08]
	0.03 [-0.03; 0.09]
	-0.02 [-0.13; 0.10]

	FEV1 / FVC (%)
	-0.02 [-0.08; 0.04]
	-0.03 [-0.10; 0.03]
	0.00 [-0.12; 0.13]

	FEF75 (ml/s)
	-0.02 [-0.07; 0.04]
	-0.02 [-0.09; 0.04]
	0.01 [-0.11; 0.13]

	FEF25-75 (ml/s)
	0.00 [-0.06; 0.06]
	-0.01 [-0.07; 0.05]
	0.01 [-0.11; 0.13]


*Models are adjusted for age, height and weight at the time of lung function testing, sex, birth weight, breast feeding up to six months, parental atopy, maternal smoking during pregnancy, secondhand smoke exposure in the home during early life (up to four years), personal smoking at the age of 15 years, history of asthma or a bronchodilator response during the lung function testing, parental education, cohort, city (pooled models only) and short-term air pollution exposure.
Bold: p-value <0.05
Table S5: Pooled and study area specific estimated change in lung function variables before bronchodilation per corresponding interquartile range increase in short-term air pollution concentrations*
	
	Short-term air pollution effects

	
	Pooled
	GINI/LISA South
	GINI/LISA North

	
	Beta [95% CI]
	Beta [95% CI]
	Beta [95% CI]

	NO2 (average of 7 days prior to testing)
	
	

	FEV1 (ml)
	1.08 [-21.29; 23.45]
	3.53 [-22.58; 29.63]
	6.30 [-37.19; 49.79]

	FVC (ml)
	-0.54 [-25.06; 23.97]
	-1.21 [-29.88; 27.47]
	17.99 [-29.70; 65.68]

	FEV1 / FVC (%)
	0.06 [-0.27; 0.39]
	0.17 [-0.23; 0.56]
	-0.23 [-0.84; 0.39]

	PEF (ml/s)
	41.97 [-14.19; 98.14]
	34.78 [-29.80; 99.36]
	56.71 [-55.78; 169.21]

	FEF25 (ml/s)
	22.67 [-34.01; 79.36]
	26.83 [-39.09; 92.75]
	10.33 [-101.94; 122.59]

	FEF50 (ml/s)
	25.47 [-27.02; 77.96]
	33.28 [-28.35; 94.91]
	9.21 [-93.07; 111.49]

	FEF75 (ml/s)
	7.58 [-29.63; 44.78]
	24.77 [-21.35; 70.90]
	-22.92 [-89.28; 43.44]

	FEF25-75 (ml/s)
	16.18 [-30.36; 62.72]
	21.61 [-34.01; 77.24]
	4.07 [-84.40; 92.55]

	PM10 mass (average of 7 days prior to testing)
	
	

	FEV1 (ml)
	-7.46 [-28.18; 13.25]
	-4.03 [-28.83; 20.77]
	-12.87 [-44.81; 19.07]

	FVC (ml)
	14.08 [-8.61; 36.76]
	10.35 [-16.87; 37.56]
	16.62 [-18.47; 51.71]

	FEV1 / FVC (%)
	-0.42 [-0.72; -0.11]
	-0.21 [-0.59; 0.17]
	-0.67 [-1.13; -0.22]

	PEF (ml/s)
	-4.69 [-56.80; 47.43]
	5.86 [-55.60; 67.31]
	-19.39 [-102.19; 63.41]

	FEF25 (ml/s)
	-12.75 [-65.32; 39.81]
	10.50 [-52.13; 73.13]
	-45.75 [-128.31; 36.81]

	FEF50 (ml/s)
	-38.23 [-86.71; 10.26]
	-6.18 [-64.78; 52.42]
	-77.02 [-151.55; -2.49]

	FEF75 (ml/s)
	-31.48 [-66.01; 3.04]
	-9.74 [-53.56; 34.07]
	-60.32 [-109.48; -11.17]

	FEF25-75 (ml/s)
	-36.86 [-79.91; 6.19]
	-14.79 [-67.67; 38.08]
	-65.69 [-130.45; -0.93]

	PM2.5 mass (average of 7 days prior to testing)
	

	FEV1 (ml)
	-5.43 [-23.69; 12.84]
	-2.57 [-22.31; 17.17]
	-8.70 [-38.85; 21.44]

	FVC (ml)
	12.86 [-7.14; 32.87]
	9.49 [-12.17; 31.15]
	16.72 [-16.39; 49.84]

	FEV1 / FVC (%)
	-0.35 [-0.62; -0.08]
	-0.18 [-0.48; 0.12]
	-0.56 [-0.99; -0.13]

	PEF (ml/s)
	-3.12 [-49.08; 42.84]
	1.38 [-47.55; 50.30]
	-10.09 [-88.22; 68.04]

	FEF25 (ml/s)
	-13.75 [-60.10; 32.60]
	4.29 [-45.58; 54.15]
	-38.98 [-116.85; 38.90]

	FEF50 (ml/s)
	-32.36 [-75.13; 10.41]
	-6.18 [-52.84; 40.48]
	-63.87 [-134.25; 6.50]

	FEF75 (ml/s)
	-24.94 [-55.41; 5.52]
	-6.54 [-41.43; 28.35]
	-49.05 [-95.50; -2.60]

	FEF25-75 (ml/s)
	-30.66 [-68.64; 7.32]
	-12.82 [-54.92; 29.27]
	-53.31 [-114.48; 7.86]

	Ozone (average between 0:00 and 24:00 the day prior to testing)
	

	FEV1 (ml)
	-5.26 [-29.96; 19.45]
	-14.88 [-47.08; 17.31]
	1.47 [-34.29; 37.22]

	FVC (ml)
	11.50 [-15.52; 38.52]
	-1.56 [-36.92; 33.79]
	19.64 [-19.48; 58.76]

	FEV1 / FVC (%)
	-0.32 [-0.68; 0.04]
	-0.26 [-0.75; 0.22]
	-0.39 [-0.89; 0.11]

	PEF (ml/s)
	-58.78 [-120.71; 3.14]
	-85.39 [-165.05; -5.72]
	-18.81 [-110.68; 73.05]

	FEF25 (ml/s)
	-29.72 [-92.17; 32.73]
	-51.88 [-133.20; 29.44]
	5.50 [-86.18; 97.19]

	FEF50 (ml/s)
	-60.18 [-117.84; -2.53]
	-60.69 [-136.75; 15.38]
	-54.51 [-137.51; 28.50]

	FEF75 (ml/s)
	-31.45 [-72.54; 9.63]
	-37.67 [-94.58; 19.23]
	-26.04 [-80.77; 28.69]

	FEF25-75 (ml/s)
	-39.40 [-90.62; 11.82]
	-41.27 [-109.95; 27.40]
	-36.25 [-108.35; 35.84]


*Models are adjusted for age, height and weight at the time of lung function testing, sex, birth weight, breast feeding up to six months, parental atopy, maternal smoking during pregnancy, secondhand smoke exposure in the home during early life (up to four years), personal smoking at the age of 15 years, history of asthma or a bronchodilator response during the lung function testing, parental education, cohort, city (pooled models only) and long-term air pollution exposure. Effect estimates for short-term PM2.5 absorbance effects are not presented as these data were not available.
Bold: p-value < 0.05
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