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To the editor,

Exposure to ambient air pollution is associated with a substantial burden of morbidity 
and mortality worldwide.1 In a recent paper, Adam et al showed significantly impaired 
levels of FEV1 and FVC associated with exposure to the ambient air pollutants NO2 and 
PM10 in 7,613 adults included in the European Study of Cohorts for Air Pollution Ef-
fects (ESCAPE).2 Effect estimates for FVC were of similar magnitude (for NO2) or larger 
(for PM10) compared to those for FEV1. In line with these findings, Forbes et al (2009) 
showed negative associations of PM10 and NO2 with the level of FEV1 in 40,329 adults 
included (between 1995 and 2001) in the Health Survey for England, whereas no signifi-
cant associations with FEV1/FVC were observed.3 Already in 1997, the Swiss SAPALDIA 
study, including 9,651 adults, showed negative associations of ambient air pollutants 
NO2 and PM10 with both FEV1 and FVC.4 The effect estimates for FVC were stronger 
than for FEV1 for various pollutants, and this was consistently so in most subgroups 
(according to smoking status and respiratory symptoms). Reduced FVC, with FEV1 being 
normal or reduced to a lesser degree than FVC, is suggesting restrictive rather than 
obstructive lung disease (in which specifically FEV1 is reduced, resulting in a low FEV1/
FVC ratio). Thus, findings from several European studies suggest that restrictive rather 
than obstructive ventilatory patterns associate with long term low levels of exposure to 
ambient air pollution. A study with slightly different findings is the German SALIA study, 
including 2,593 women. This study also found negative associations of NO2 and PM10 

exposure with both FEV1 and FVC, yet the effects estimates for FEV1 were stronger than 
for FVC and consequently there were small significant negative associations with the 
FEV1/FVC ratio.5 Thus far, no studies have focused explicitly on the question whether 
air pollution exposure is associated with obstructive or restrictive ventilatory patterns.

In the current study we explicitly looked at both obstructive and restrictive ventila-
tory patterns in relation to air pollution exposure, in the large Dutch population-based 
LifeLines Cohort Study (air pollution data for > 60,000 adults, mainly from the north-
ern Netherlands).6 Within LifeLines, each residential address at the baseline visit 
(2007–2013) was geocoded and annual average exposure to NO2, PM2.5, PM10 and PM2.5 
absorbance was estimated using land use regression models developed within the ES-
CAPE study.2 Associations of air pollutants with lung function levels at the baseline visit 
(pre-bronchodilator FEV1, FVC and FEV1/FVC) were assessed with linear regression mod-
els adjusted for gender, height, age, smoking status, pack years, body mass index (BMI), 
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environmental tobacco smoke exposure, highest level of obtained education, income 
and asthma. The asthma definition was based on a doctor diagnosis or a combination of 
symptoms and the use of asthma medication. Effect modification was tested by assess-
ing interactions of air pollution levels with smoking (never/ever), gender, overweight 
(BMI≥ 25 kg/m2), asthma, and airway obstruction (FEV1/FVC< 70 %).

Complete data was available for 51,855 adults with a median age of 44 years (range 
18–89), mean FEV1 of 3546 mL (102 % of predicted), FVC of 4597 mL (112 % of predicted), 
and FEV1/FVC of 77 %.7 Median levels of exposure were 15.7 (range = 8.4–50.8) µg/m3 
NO2, 15.4 (14.8–20.2) µg/m3 PM2.5, 24.0 (23.7–31.7) µg/m3 PM10 and 0.95 (0.84–2.65) 
10-5/m PM2.5 absorbance. Exposure levels were highly correlated (spearman r between 
0.49 and 0.93). Exposure to ambient air pollutants NO2, PM10 and PM2.5 absorbance was 
associated with significantly lower FVC levels (table 1). Exposure to NO2 was associated 
with a lower level of FEV1, whereas no significant associations of the other air pollutants 
with FEV1 levels were observed. For all air pollutants the negative (non-significant) esti-
mated effects on the level of FEV1 were smaller than on the level of FVC, which resulted 
in positive associations with their ratio (FEV1/FVC). PM2.5 exposure was not associated 
with any of the lung function variables investigated.

Associations between PM10 and PM2.5 absorbance with FVC were generally stronger in 
females, subjects with overweight, asthma, and subjects airway obstruction (table 1), 
yet without significant interactions. Associations between NO2 and FVC were similar 
in males and females, subjects without and with overweight, never and ever-smokers, 
subjects without and with asthma, and without and with airway obstruction.

Importantly, in the current study we confirmed findings from previous European studies 
suggesting that long term exposure to low levels of ambient air pollution is associated 
with restrictive rather than obstructive ventilatory patterns.2-4 Due to the cross-sectional 
design of the current study it was not possible to pinpoint whether observed associa-
tions are due to reduced lung growth, accelerated decline in lung function, or both. In 
the ESCAPE study, significant associations between ambient air pollutants and FVC and 
FEV1 levels were observed, yet there were no associations with annual lung function 
decline.2 These observations suggest that associations between air pollution exposure 
and lung function levels in adulthood are rather reflecting reduced lung growth than 
accelerated lung function decline. This is in line with observations in children showing 
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reduced age-related increase in FVC associated with air pollution exposure.8,9 Moreover, 
in childhood estimated effects of exposure to various air pollutants were already found 
to be larger for FVC than for FEV1.10,11 Additionally, decreases in air pollution levels have 
been associated with increased growth of FEV1 and FVC in children, with largest effects 
on FVC,12 and with improvements in FVC, but not in FEV1, in adults.13

The current study suggests that associations of PM10 and PM2.5 absorbance with impaired 
lung function levels in adults are stronger in females, subjects with higher BMI and 
with underlying respiratory diseases such as asthma or COPD, whereas such differential 
effects were not observed for NO2 exposure. The ESCAPE study found stronger effects of 
NO2 exposure on FEV1 and FVC in females, subjects with asthma and in obese subjects, 
with the latter showing significant interaction with NO2.2 In general, and in line with our 
observations, most studies thus far have not observed clear differences in effect esti-
mates between smokers and non-smokers.2,3,5 Identifying susceptible subgroups in the 
population may be important from a public health perspective, e.g. exposure limits may 
be determined based on the most susceptible subgroups. Moreover, identifying such 
(genetically) susceptible subgroups may pinpoint potential (biological) mechanisms 
underlying observed associations,14 which will render further studies in experimental 
settings.

Restrictive ventilatory patterns associated with exposure to ambient air pollution may 
reflect pulmonary fibrosis, a disease which has, thus far, largely been understudied in 
relation to air pollution exposure in large scale epidemiological studies.15 Yet, further 
studies are warranted that include additional measurements, such as the total lung 
capacity, in subsets of individuals with low FVC, to confirm true restrictive ventilatory 
effects of air pollution exposure.

To conclude, low levels of ambient air pollution are associated with restrictive rather 
than obstructive ventilatory patterns. Both epidemiological and experimental studies 
are warranted to confirm true restrictive ventilatory effects of air pollution exposure 
and to elucidate underlying biological mechanisms leading to a disease that is largely 
understudied in relation to air pollution exposure, i.e. pulmonary fibrosis. Identifying 
susceptible subgroups and underlying biological pathways may contribute to lowering 
the substantial burden of respiratory disease related to ambient air pollution exposure.
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Table 1. Associations between ambient air pollution exposure and lung function levels in the 
whole group and stratified by gender, overweight (< 25/≥ 25 kg/m2), smoking (never/ever), 
asthma (without/with), and airway obstruction (without/with FEV1/FVC< 70 %).

Exposure# all Males females
bMI

< 25kg/m2
bMI

≥ 25kg/m2
Never-

smokers
Ever-

smokers
Without
asthma

With
asthma feV1/FVC ≥ 70 %

feV1/fVc
< 70 %

n 51,855 21,608
42 %

30,247
58 %

24,749
48 %

27,106
52 %

24,617
47 %

27,238
53 %

47,424
91 %

4,431
9 %

44,956
87 %

6,899
13 %

FVC (mL) (95 % CI)
no2 -57 (-70 : -44) -61 (-85 : -37) -56 (-70 : -42) -41 (-59 : -24) -58 (-78: -38) -53 (-72 : -34) -59 (-77 : -40) -57 (-71 : -43) -56 (-102 : -10) -50 (-64 : -36) -70 (-113: -27)
PM2.5 12 (-55 : 79) 71 (-54 : 196) -34 (-106 : 39) 61 ( -28 : 150) 5 (-96 : 106) 2 (-93 : 97) 36 (-59 : 130) 23 (-47 : 93) -95 (-337 : 147) 19 (-51 : 89) 14 (-207 : 235)
PM10 -174 (-248 : -101) -132 (-268 : 4) -208 (-287 : -128) -68 (-163 : 27) -194 (-308 : -80) -183 (-286 : -79) -148 (-252 : -44) -166 (-242 : -89) -263 (-524 : -2) -138 (-214 : -62) -298 (-550 : 

-47)
PM2.5 abs -92 (-128 : -56) -78 (-145 : -10) -106 (-145 : -66) -51 (-99 : -3) -89 (-145 : -33) -90 (-141 : -38) -86 (-137 : -34) -86 (-124 : -48) -155 (-287 : 

-23)
-77 (-115 : -40) -118 (-241 : 4)

feV1 (mL) (95 % CI)
no2 -18 (-30 : -7) -33 (-53 : -12) -11 (-22 : 1) -12 (-27 : 3) -20 (-36 : -3) -17 (-33 : -1) -20 (-36 : -4) -19 (-31 : -8) -7 (-51 : 36) -21 (-32 : -10) -44 (-77 : -11)*
PM2.5 27 (-30 : 83) 57 (-50 : 164) 5 (-55 : 66) 47 (-29 : 122) 20 (-66 : 105) -12 (-91 : 66) 72 (-10 : 154) 28 (-30 : 86) 45 (-181 : 272) 25 (-31 : 80) 21 (-149 : 192)
PM10 -21 (-83 : 42) -1 (-118 : 116) -37 (-103 : 29) 25 (-55 : 106) -35 (-131 : 61) -47 (-133 : 38) 9 (-80 : 99) -19 (-83 : 45) -21 (-266 : 223) -27 (-87 : 33) -191 (-385 : 4)
PM2.5 abs -14 (-45 : 17) -8 (-67 : 50) -20 (-53 : 13) 3 (-38 : 44) -14 (-61 : 33) -24 (-67 : 19) -2 (-47 : 43) -12 (-44 : 20) -25 (-149 : 98) -20 (-50 : 10) -65 (-160 : 30)
feV1/FVC (%) (95 % CI)
no2 0.5 (0.4 : 0.7) 0.2 (0.0 : 0.5) 0.7 (0.6 : 0.9)* 0.4 (0.2 : 0.6) 0.5 (0.3 : 0.8) 0.5 (0.3 : 0.7) 0.5 (0.3 : 0.7) 0.5 (0.4 : 0.7) 0.7 (0.0 : 1.4)
PM2.5 0.3 (-0.5 : 1.1) -0.1 (-1.4 : 1.2) 0.6 (-0.4 : 1.5) -0.1 (-1.2 : 0.9) 0.3 (-0.8 : 1.5) -0.3 (-1.4 : 0.7) 0.9 (-0.2 : 2.0) 0.1 (-0.7 : 0.8) 3.5 (0.0 : 7.1)*
PM10 2.2 (1.4 : 3.1) 1.5 (0.1 : 2.9) 2.7 (1.7 : 3.7) 1.3 (0.2 : 2.5) 2.4 (1.1 : 3.6) 1.9 (0.8 : 3.0) 2.3 (1.0 : 3.5) 2.1 (1.2 : 2.9) 3.9 (0.1 : 7.6)
PM2.5 abs 1.1 (0.7 : 1.6) 0.8 (0.1 : 1.5) 1.4 (0.8 : 1.9) 0.7 (0.2 : 1.3) 1.2 (0.5 : 1.8) 0.9 (0.4 : 1.5) 1.2 (0.6 : 1.9) 1.1 (0.6 : 1.5) 2.1 (0.2 : 4.0)

Linear regression models were adjusted for gender, height, age, smoking status (ex- and current 
smoking), pack years smoked, BMI (continuous), environmental tobacco smoke exposure, highest 
level of obtained education, income and asthma. Effect estimates are presented per 10 µg/m3 for 
NO2 and PM10, per 5 µg/m3 for PM2.5 and per 10-5/m for PM2.5 absorbance. Effect estimates (B and 
95 % confidence intervals (CI)) marked in bold font indicate significant (p < 0.05) associations.
# Exposure levels are highly correlated: spearman r for NO2 with PM2.5, PM10 and PM2.5 abs are 
0.49, 0.73 and 0.79 respectively; spearman r for PM2.5 with PM10 and PM2.5 abs are 0.69 and 0.64 
respectively; and for PM10 with PM2.5 abs spearman r is 0.93.
* Significant interaction (p < 0.05)
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