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ABSTRACT 35 

Rationale: A link is established between air pollution and respiratory diseases. Very few 36 

studies evaluated this link with primary spontaneous pneumothorax (PSP). Contrasted 37 

results, low statistical power and methodological limits of these studies brought us to 38 

evaluate in a more thorough way this link. 39 

Objectives: (1) to estimate the relation between PSP and air pollutants namely nitrogen 40 

dioxide (NO2), ozone (O3) and particulate matter with a diameter ≤ 10μm (PM10); (2) to 41 

investigate a time lag effect between these pollutants and occurrence of PSP.  42 

Methods : This study has a case-crossover design. Subjects aged ≥ 18 years admitted from 1st 43 

June 2009 to 31st May 2013, in 14 Emergency Departments centers on the French territory. 44 

Were excluded: patients with traumatic, secondary, recurrent or history of previous 45 

pneumothorax. NO2, O3 and PM10 data were collected hourly in monitoring stations. Three 46 

exposure assessments were retained: quantitative values, fast increase concentration of air 47 

pollutants and peak of pollution. These assessments were calculated for the entire exposure 48 

period and for each of the four days of all case and control periods. 49 

Results: 948 subjects included. Whatever the pollutant considered, no differences were 50 

observed between case and control periods, regardless of whether the quantitative values of 51 

air pollutants exposure (p>0.09), fast increase concentration (p>0.46) and peak of pollution 52 

(p>0.20).     53 

Conclusions: There is no impact of short-term air pollution exposure and low to moderate 54 

level of NO2, O3 and PM10 concentration on the onset of PSP. An impact at higher exposure 55 

level, and/or a potentiating effect of different meteorological factors remain to be 56 

demonstrated.  57 

Keywords: pneumothorax, air pollution, case-crossover study 58 
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Highlights: 59 

- Mean hourly concentration of NO2, O3 and PM10 showed regular and daily variation  60 

- No impact of short-term air pollution exposure on the onset of spontaneous 61 

pneumothorax 62 

- No association between moderate levels of NO2, O3 and PM10 and spontaneous 63 

pneumothorax  64 

65 
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1. INTRODUCTION 66 

Spontaneous pneumothorax (SP) is defined as the spontaneous presence of air in the pleural 67 

spaces. When SP occurs in a healthy lung, it is called primary SP (PSP), otherwise it is termed 68 

secondary SP (SSP) when occurring in the context of underlying pulmonary disease. The 69 

incidence of PSP is estimated of 7.4-18/100 000 per year among men, and 1.2-6/100 000  70 

per year among women (Sahn and Heffner, 2000). Although mortality is low with a rate of 71 

1,26 and 0.62/1 000 000 per year for men and women (Gupta et al., 2000), the economic 72 

consequences are substantial, with an average hospital stay of seven days (Bobbio et al., 73 

2015). The causal mechanism of SP is thought to involve rupture of the alveolar walls or of 74 

sub-pleural structures (bullae and blebs) (Sahn and Heffner, 2000), while some authors have 75 

incriminated diffuse increased porosity at the periphery of the lungs (Noppen  et al., 2006). 76 

Factors that can facilitate or trigger SP remain unknown. It occurs most frequently at rest. 77 

Some authors have hypothesized that there is a link between SP and meteorological factors, 78 

in view of the occurrence of temporal clusters (Accard et al., 1972). Several studies have 79 

investigated the relation between the occurrence of PSP and the atmospheric pressure 80 

variation (Alifano et al., 2007), but with contradictory results ( Smit et al., 1999; Suarez-81 

Varela et al.,2000). Similarly, temperature increases have been reported to be related to PSP 82 

(Obuchi et al., 2011), whereas other authors have failed to find any such association (Celik et 83 

al., 2009; Özpolat et al., 2009). Some authors studied then the impact of seasons on the 84 

occurrence of SP. The results are again very contrasted (Alifano et al.,2007; Ayed et al., 2006; 85 

Zhang et al.,2012). Concerning air pollution, the link with various respiratory disease such as 86 

chronic obstructive pulmonary disease (COPD), asthma and lung infection is well established 87 

(Arbex et al., 2012; Kelly and Fussell, 2011; Ko and Hui, 2012; Sbihi et al., 2016; To et al., 88 

2016). Conversely, the association between air pollution and PSP has not been widely 89 
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investigated. Bertolaccini et al. (2011, 2015) suggest a link between nitrogen dioxide (NO2), 90 

ozone (O3) and the occurrence of PSP. These results were partially confirmed by Abul et al. 91 

(2011). Previous studies lacked consensual results and suffered from low statistical power 92 

and methodological limits (e.g. single-centre studies). In this context, we sought to 93 

investigate the relation between air pollution and PSP. The objectives of the study were: (1) 94 

to estimate the relation between PSP and air pollutants namely NO2, O3 and particulate 95 

matter with a diameter ≤ 10μm (PM10); (2) to investigate a time lag effect between exposure 96 

and occurrence of PSP. 97 

 98 

 99 

2. METHODS 100 

A time stratified case-crossover design was chosen (Maclure 1991). This study’s design, 101 

particularly adapted for the researches on air pollution (Bateson and Schwartz, 1999; Janes 102 

et al., 2005; Levy et al., 2001; Maclure 1991), concerned 14 Emergency Departements (EDs) 103 

centers from middle size cities distributed on the French territory (Figure 1). 104 

For each PSP, the period prior to occurrence of the event (case-period) was compared to 105 

several other periods at a distance from the PSP (control periods). The date of admission to 106 

the EDs was retained as the date of occurrence of PSP (date D). The case-period was defined 107 

as the total time during which the subject was exposed to the risk of occurrence of PSP: the 108 

four days before admission was retained to define the period (day D-1 to day D-4). The 109 

control periods were defined for each subject as the same weekdays as the case period 110 

within the same month. The exposure periods were defined by all of case and control 111 

periods. 112 

 113 
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 114 

 115 

2.1. Study population 116 

Inclusion criteria were: occurrence of PSP between 1st June 2009 to 31st May 2013, age over 117 

18 years and provision of written informed consent. Were excluded patients with traumatic, 118 

secondary, recurrent or history of previous SP, and not living in the study area or with home 119 

address missing. Sex, age, date of admission, home address, smoking status, and history of 120 

asthma were collected in the ED medical records. The study was approved by the National 121 

authority for the protection of privacy and personal data.  122 

 123 

2.2. Environmental data 124 

Air pollution data were provided by the French Air Quality Monitoring Association (AASQA) 125 

Network and the local AASQA for each study area. NO2, O3 and PM10 data were collected 126 

hourly in each monitoring station. Home address was used to estimate the residential 127 

exposure of each subject at the date of PSP. The home address of each subject was 128 

geolocated, and the choice of the appropriate monitoring station in relation to each patient 129 

address was made by the team of every local AASQA. Since the number of monitoring 130 

stations is limited, this choice was optimized taking into account the distance between the 131 

patient’s home and the station, the geomorphological situation of the subject’s residence 132 

and the proximity of the major sources of air pollution. 133 

Three exposure assessments were retained: quantitative absolute values, fast increase 134 

concentration of air pollutants and peak of pollution. To investigate a potential lag effect, 135 

these assessments were calculated for the entire exposure period and for each of the four 136 

days of all case and control periods: from date D-1 (Lag1) to date D-4 (Lag4). 137 
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Minimum, maximum, mean and range of absolute quantitative values of the three pollutants 138 

were computed.  139 

A fast increase of pollutant concentration was defined as a positive difference of 140 

concentration occurring in a 3-hour interval, noted ∆3h. For each hour, ∆3h was calculated as 141 

the difference between the concentration measured at hour h, minus the concentration 142 

measured at hour h-3. A fast increase was retained if a ∆3h exceeded : 40µg/m3 for NO2 and 143 

O3, 20µg/m3 for PM10.  This threshold value was chosen as the third quartile of distribution 144 

of all the ∆3h. 145 

According to the European legislation on the air quality ( Ministère de l’écologie, de 146 

l’énergie, du développement durable et de la mer; 2010), peaks of pollution were defined 147 

using the following norms as the cut-off: NO2 hourly average = 200µg/m3, PM10 daily average 148 

= 50µg/m3, O3 8-hour average = 120µg/m3.  149 

 150 

2.3. Statistical analysis 151 

The number of necessary cases was estimated at 838 (unilateral situation, proportion of 152 

exposure among controls = 0.25, odds ratio = 1.25, and statistical power = 80%). The value of 153 

the odds ratio was voluntarily maintained at a low value given the environmental nature of 154 

the study.  155 

The relationship between the case or control status of each period and air pollution 156 

exposure was analysed using conditional logistic regression. Considering the number of 157 

exposure indices analysed, Benjamini Yekutieli’s correction for multiple testing was applied 158 

to control the false discovery rate (Benjamini et al., 1995; Benjamini and Yekutieli, 2001;  159 

Reiner et al., 2003). Sentitivity analyses were performed to verify that the effect of 160 

concentrations of pollutants was not modified by individual factors: age, sex, smoking status, 161 
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history of asthma and center. The statistical analysis was performed using SAS, version 9.4 162 

(SAS Institute Inc., Cary, NC, USA). A p-value <0.05 was considered statistically significant.  163 

 164 

 165 

3. RESULTS 166 

3.1. Participants 167 

Among 1946 eligible patients, 948 were included in this study (Figure 2). The characteristics 168 

of the population are shown in Table 1.  169 

Mean age was 30.8 (standard deviation 13.2) years. The male/female ratio was 3.6. Current 170 

smoker accounted for 71.5%. Only 6.4% declared a history of asthma. The percent of PSP 171 

observed was the same whatever the season considered. 172 

 173 

3.2. Air pollution exposure 174 

Not surprisingly, the mean hourly concentration of NO2, O3 and PM10 showed regular and 175 

daily variation (Figure 3). No significant association between exposure to air pollutants 176 

(treated as quantitative) and the occurrence of PSP was observed in Table 2 (all OR ranged 177 

between 0.99 and 1.01, and all multiple testing with Benjamini Yekutieli corrected PCorr 178 

values > 0.09). 179 

The proportion of periods where at least one fast increase in pollutant concentration was 180 

observed is presented in Figure 4. No differences were observed between case and control 181 

periods (all PCorr. values > 0.46) (Table 3). At least one fast increase in NO2, O3 and PM10 was 182 

observed in respectively 14%, 20% and 13% of both case and control periods on each Lag. 183 

Over the whole period, at least one fast increase in pollutant concentrations was observed in 184 

40% of both case and control periods, whatever the pollutant considered, while at least one 185 



10 

 

peak of pollution of NO2 was observed in less than 1% of both case and control periods. 186 

Exposure to at least one peak of O3 and PM10 values for case and control periods were 187 

respectively 9.99% versus 9.59% and 8.33% versus 9.15% (Figure 5). No significant 188 

differences were observed between cases and controls periods, whatever the pollutant 189 

considered, and regardless of whether the whole period or the Lags were considered (all 190 

PCorr. values > 0.20) (Table 4).  191 

Sensitivity analyses performed on different patient subgroups (age, sex, smoking status, 192 

history of asthma and center) yielded similar results (data not shown).   193 

 194 

 195 

4. DISCUSSION 196 

No association between the occurrence of PSP and environmental exposure to low to 197 

moderate levels of NO2, O3 and PM10 was observed in this study, whatever considering 198 

quantitative absolute values, fast increases in concentrations of air pollutants and pollution 199 

peaks. Furthermore, no lag effect was identified.  200 

The strength of our study resides in several different points. Firstly, to the best of our 201 

knowledge, our study includes the largest sample size to date in studies analyzing the link 202 

between the occurrence of PSP and air pollution. Very few studies have been published on 203 

this particular topic up to now, with fewer than 500 and 79 subjects included respectively in 204 

the studies of Bertolaccini et al. (2011, 2015) and Abul et al. (2011).  205 

Secondly, we were particular meticulous with the process used to identified patients and to 206 

collect data. All patients with a diagnosis of pneumothorax (International Classification of 207 

Diseases (ICD) 10th revision code = J93) during the study period were retrospectively 208 

identified by medical informatics queries of the emergency unit databases in the 209 
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participating centers. The diagnosis of PSP (ICD code J93.11) or SSP (ICD code J93.12) was 210 

checked by research assistants in the medical files of the EDs admissions database. 211 

Demographic characteristics of the study subjects were similar to those of the large 212 

descriptive study of Bobbio et al. (2015).  213 

Thirdly, air pollution exposure was assessed using measurements provided by the French 214 

National AASQA Network, which is accredited by the French Ministry for the Environment 215 

and whose quality is guaranteed by ISO/TC146 standard for air quality. Every patient’s home 216 

was situated at a median distance of station of 6.76 km (first quartile 1.89 ; third quartile 217 

25.16). Air pollution assessment was based on a reproducible process, especially among 218 

cases and controls and across the study centers. The assessments of air pollution levels 219 

focused on residential exposure; and not professional exposure, or exposure during 220 

transportation or travel. Indeed, PSP most frequently occurs at home and at rest, so 221 

restricting the assessment of exposure to the patient’s residential address likely did not 222 

introduce any substantial bias into the results.  223 

The multicentre approach used in our study made it possible to include subjects from 224 

various urban and periurban areas distributed nationwide. Thus, the patients in our study 225 

were not all subject to the same pollution profile, conversely to the situations reported in 226 

some other studies (Abul et al., 2011; Bertolaccini et al., 2011, 2015). 227 

A further key point of this study is the time stratified case-crossover design. It is specifically 228 

adapted to the analysis of relationships between the acute occurrence of disease and 229 

environmental exposure in case of short-term temporal variations (Bateson and Schwartz, 230 

1999; Janes et al., 2005). The case-crossover design could be considered as a variant of the 231 

matched case-control design: each case becomes its own control (Maclure, 1991), and 232 

matching occurred on characteristic of each subject, regardless of whether these 233 



12 

 

characteristics are known or unknown. This design has previously been used to analyze the 234 

relationship between respiratory diseases such as COPD, asthma and air pollution, with 235 

convincing results (Kwon et al., 2016; Medina-Ramón et al., 2006; Yamazaki et al., 2015), but 236 

has never yet been applied to the study of PSP.  237 

Lastly, the design of this study and the sensitivity analysis by subgroup including the major 238 

risk factors made it possible to explore potential interactions and confusion effects; the 239 

probability of type I error due to multiple testing was minimized by applying the appropriate 240 

corrective measures to the analysis. 241 

 242 

No significant association between concentrations of NO2, O3 or PM10 and the occurrence of 243 

PSP was identified in this study. Indeed, to assess the statistical power of this study, the odds 244 

ratios that could be appropriately identified from a statistical point of view were calculated a 245 

posteriori, taking into account the study size and the proportion of controls effectively 246 

exposed to air pollution. The smallest odds ratios which could be declared significant for a 247 

fast increase of pollutant concentration or a peak of pollution would be respectively 1.13 248 

and 1.22, which indicate a high statistical power. These results plead in favor of the absence 249 

of any relation between the occurrence of PSP and air pollution in the context of this study.  250 

 251 

Two points merit discussion in this regard, namely the level of exposure and the 252 

consideration of factors other than air pollution, such as meterological data.  253 

The level of exposure of the subjects in our study to air pollution is lower than that reported 254 

by Abul et al. (2011) in their study of PSP, and lower than in other studies of respiratory 255 

diseases (Abbey et al., 1998; Kwon et al. 2016; Medina-Ramón et al, 2006; To et al., 2016). 256 

These studies mainly focused on pollution exposure in big cities, whereas the cities included 257 
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in our study were medium-sized, i.e. 100 000 to 500 000 inhabitants, where exposure is low 258 

to moderate. It is clearly plausible that exposure to air pollution is considerably higher in big 259 

cities given the more numerous sources of primary pollutants, which could in turn impact on 260 

the occurrence of PSP.  261 

Abul et al. (2011) demonstrated a link between the increase of O3 and the occurrence of PSP, 262 

while Bertolaccini et al. (2011, 2015) reported contrasting results from two studies. In the 263 

first of these two studies (Bertolaccini et al., 2011), the occurrence of PSP was significantly 264 

triggered by higher values of NO2, lower values of O3 and less dispersed temperature and 265 

wind speed. In his second study Bertolaccini et al. (2015) confirmed that PSP was 266 

significantly more likely to occur on warm windy days with high atmospheric pressure and 267 

high mean NO2 concentration. This discrepancy in their results may be explained by the 268 

inclusion of factors other than air pollution in the analysis. Indeed, climate parameters were 269 

included in the air pollution analysis in the study by Bertolaccini et al. (2011, 2015), but not 270 

in the study by Abul et al. (2011) or in our own study. 271 

The pathophysiology of PSP is actually better understood. The concept of PSP associated 272 

with  a localised rupture of a bleb, or a bulla has been discussed (Tschopp and Marquette, 273 

2017). The occurrence of PSP could be the result of a diffuse histopathological change in the 274 

lung parenchyma under the visceral pleura. Some authors identified diffuse increased 275 

porosity at the periphery of both lungs (Noppen et al., 2006). This could lend credence to the 276 

hypothesis of an impact of air pollution on the onset of PSP. 277 

Concerning O3 in particular, it’s recognized that megacities emit higher levels of O3 278 

precursors and particulate matter, and these are crucial to local and regional air quality. 279 

Megacities can be warmer than the surrounding rural environments by up to several 280 

degrees. Ozone concentration increase almost linearly with the ambient temperatures 281 
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(Baklanov et al., 2016), and with greater sun exposure. The potential of air pollution to affect 282 

PSP is therefore a particularly major challenge in megacities, particularly those that are 283 

located at latitudes that enjoy extensive sunshine. 284 

 285 

 286 

5. CONCLUSIONS 287 

In conclusion, in this large sample of patient, our results are in favour of a lack of connection 288 

between PSP and short-term air pollution exposure and low to moderate level of NO2, O3 289 

and PM10 concentration. Conversely, an impact at higher exposure level, and/or a 290 

potentiating effect of different meteorological factors remain to be demonstrated. 291 

 292 

 293 

  294 



15 

 

ACKNOWLEDGEMENTS  295 

We thank the Official Air Quality Monitoring Associations (AASQA) and their experts ATMO 296 

Franche-Comté (Anaïs Détournay), ASPA Alsace (Pierre Robelet), Atmosf’air Bourgogne 297 

(Shirley Salomon), Air Rhône-Alpes (Sabrina Pontet), ATMO Auvergne (Sabrina Pontet), Atmo 298 

Nouvelle-Aquitaine (Agnes Hulin), Atmo Hauts-de-France (Aurélie Dapvril), ORAMIP ATMO 299 

(Pierre-Yves Robic), Air Pays de la Loire (Gilles Levigoureux),  for providing data and for the 300 

association between home’s address and air quality monitoring station.  301 

 302 

COMPETING INTERESTS 303 

The authors declare they have no actual or potential competing financial and non financial 304 

interest in relation to this work 305 

 306 

FUNDINGS 307 

This study was financed by a grant from the University Hospital of Besançon (APICHU 2012). 308 

 309 

  310 



16 

 

REFERENCES  311 

 Abbey DE, Burchette RJ, Knutsen SF, et al. Long-term Particulate and Other Air Pollutants 312 

and Lung Function in Nonsmokers. Am J Respir Crit Care Med. 1998 Jul 1;158:289–98.  313 

Abul Y, Karakurt S, Bostanci K, et al. Spontaneous pneumothorax and ozone levels: is there a 314 

relation? Multidiscip Respir Med. 2011;6:16.  315 

Accard JL, Patte F, Combes F, et al. Spontaneous pneumothorax. Clinical study, 316 

meteorological correlations, course and treatment. Rev Tuberc Pneumol (Paris). 1972 317 

May;36:431–46.  318 

Alifano M, Forti Parri SN, Bonfanti B, et al. Atmospheric pressure influences the risk of 319 

pneumothorax*: Beware of the storm! Chest. 2007 Jun 1;131:1877–82.  320 

Arbex MA, Santos U de P, Martins LC, et al. Air pollution and the respiratory system. J Bras 321 

Pneumol. 2012 Oct;38:643–55.  322 

Ayed AK, Bazerbashi S, Ben-Nakhi M, et al. Risk Factors of Spontaneous Pneumothorax in 323 

Kuwait. Med Princ Pract. 2006 Aug 9;15:338–42.  324 

Baklanov A, Molina LT, Gauss M. Megacities, air quality and climate. Atmos Environ. 2016 325 

Feb 1;126:235–49.  326 

Bateson TF, Schwartz J. Control for Seasonal Variation and Time Trend in Case-Crossover 327 

Studies of Acute Effects of Environmental Exposures. Epidemiology. 1999;10:539–44.  328 

Benjamini Y, Hochberg Y. Controlling the False Discovery Rate: A Practical and Powerful 329 

Approach to Multiple Testing. J R Stat Soc Ser B Methodol. 1995;57:289–300.  330 

Benjamini Y, Yekutieli D. The Control of the False Discovery Rate in Multiple Testing under 331 

Dependency. Ann Stat. 2001;29:1165–88.  332 

Bertolaccini L, Alemanno L, Rocco G, et al. Air pollution, weather variations and primary 333 

spontaneous pneumothorax. J Thorac Dis. 2011;2:9–15.  334 



17 

 

Bertolaccini L, Viti A, Boschetto L, et al. Analysis of spontaneous pneumothorax in the city of 335 

Cuneo: environmental correlations with meteorological and air pollutant variables. Surg 336 

Today. 2015 May 1;45:625–9. 337 

Bobbio A, Dechartres A, Bouam S, et al. Epidemiology of spontaneous pneumothorax: 338 

gender-related differences. Thorax. 2015 Apr 27;thoraxjnl-2014-206577.  339 

Celik B, Kefeli Celik H, Hamzaçebi H, et al. The role of meteorological conditions on the 340 

development of spontaneous pneumothorax. Thorac Cardiovasc Surg. 2009 Oct;57:409–12.  341 

Gupta D, Hansell A, Nichols T, et al. Epidemiology of pneumothorax in England. Thorax. 2000 342 

Aug;55:666–71.  343 

Janes H, Sheppard L, Lumley T. Overlap bias in the case-crossover design, with application to 344 

air pollution exposures. Stat Med. 2005 Jan 30;24:285–300.  345 

Kelly FJ, Fussell JC. Air pollution and airway disease. Clin Exp Allergy. 2011 Aug 1;41:1059–71.  346 

Ko FW s., Hui DS c. Air pollution and chronic obstructive pulmonary disease. Respirology. 347 

2012 Apr 1;17:395–401.  348 

Kwon J-W, Han Y-J, Oh MK, et al. Emergency Department Visits for Asthma Exacerbation due 349 

to Weather Conditions and Air Pollution in Chuncheon, Korea: A Case-Crossover Analysis. 350 

Allergy Asthma Immunol Res. 2016;8:512–521.  351 

Levy D, Lumley T, Sheppard L, et al. Referent selection in case-crossover analyses of acute 352 

health effects of air pollution. Epidemiology. 2001;12:186–192.  353 

Maclure M. The Case-Crossover Design: A Method for Studying Transient Effects on the Risk 354 

of Acute Events. Am J Epidemiol. 1991 Jan 15;133:144–53.  355 

Medina-Ramón M, Zanobetti A, Schwartz J. The effect of ozone and PM10 on hospital 356 

admissions for pneumonia and chronic obstructive pulmonary disease: a national multicity 357 

study. Am J Epidemiol. 2006;163:579–588.  358 



18 

 

Ministère de l’écologie, de l’énergie, du développement durable et de la mer, en charge des 359 

technologies vertes et des négociations sur le climat. Code de l’environnement. Décret 360 

n°2010-1250 relatif à la qualité de l’air. Section 1 : Surveillance de la qualité de l’air ambiant  361 

Article R221-1. 2010.  362 

Noppen M, Dekeukeleire T, Hanon S, et al. Fluorescein-enhanced autofluorescence 363 

thoracoscopy in patients with primary spontaneous pneumothorax and normal subjects. Am 364 

J Respir Crit Care Med. 2006 Jul 1;174:26–30.  365 

Obuchi T, Miyoshi T, Miyahara S, et al. Does pneumothorax occurrence correlate with a 366 

change in the weather? Surg Today. 2011 Oct 1;41:1380.  367 

Özpolat B, Gözübüyük A, Koçer B, et al. Meteorological Conditions Related to the Onset of 368 

Spontaneous Pneumothorax. Tohoku J Exp Med. 2009;217:329–34.  369 

Reiner A, Yekutieli D, Benjamini Y. Identifying differentially expressed genes using false 370 

discovery rate controlling procedures. Bioinformatics. 2003 Feb 12;19:368–75. 371 

Sahn SA, Heffner JE. Spontaneous Pneumothorax. N Engl J Med. 2000 Mar 23;342:868–74.  372 

Sbihi H, Koehoorn M, Tamburic L, et al. Asthma Trajectories in a Population-based Birth 373 

Cohort. Impacts of Air Pollution and Greenness. Am J Respir Crit Care Med. 2016 Sep 374 

8;195:607–13.  375 

Smit HJM, Devillé WL, Schramel FMNH, et al. ATmospheric pressure changes and outdoor 376 

temperature changes in relation to spontaneous pneumothorax*. Chest. 1999 Sep 377 

1;116:676–81.  378 

Suarez-Varela MM, Martinez-Selva MI, Llopis-Gonzalez A, et al. Spontaneous pneumothorax 379 

related with climatic characteristics in the Valencia area (Spain). Eur J Epidemiol. 2000 Feb 380 

1;16:193–8.  381 



19 

 

To T, Zhu J, Larsen K, et al. Progression from Asthma to Chronic Obstructive Pulmonary 382 

Disease. Is Air Pollution a Risk Factor? Am J Respir Crit Care Med. 2016 Mar 7;194:429–38.  383 

Tschopp J-M, Marquette C-H. Spontaneous pneumothorax: stop chest tube as first-line 384 

therapy. Eur Respir J. 2017 Apr;49.  385 

Yamazaki S, Shima M, Yoda Y, et al. Exposure to air pollution and meteorological factors 386 

associated with children’s primary care visits at night due to asthma attack: case-crossover 387 

design for 3-year pooled patients. BMJ Open. 2015 May 3;5:e005736.  388 

Zhang G-J, Gao R, Fu J-K, et al. Climatic Conditions and the Onset of Primary Spontaneous 389 

Pneumothorax: An Investigation of the Influence of Solar Terms. Med Princ Pract. 2012 Feb 390 

24;21:345–9.  391 

 392 

 393 

 394 

 395 

 396 

 397 

 398 

  399 



20 

 

TABLES 400 

 401 

Table 1. Baseline characteristics of study population 402 

N = 948 Mean (SD) or N (%) 

Age (years)  30.8 (13.2)  

Sex* 

Males 

Females 

 

739 (78.12) 

207 (21.88) 

History of asthma  61 (6.44) 

Smoking status† 

Current  

Never  

Former 

 

519 (71.49) 

168 (23.14) 

39 (5.37) 

Season 

Spring 

Summer 

Autumn 

Winter 

 

229 (24.16) 

230 (24.26) 

253 (26.69) 

236 (24.89) 

*Missing values N = 2 403 

†Missing values N =222 404 

 405 

 406 

 407 

 408 

 409 

 410 
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Table 2. Association between maximum, minimum, mean and range of pollutants over the 411 

exposure period, and occurrence of primary spontaneous pneumothorax 412 

 NO2 O3 PM10 

Variables  OR 

(95% CI)* 

P 

Value† 

Pcor 

Value‡ 

OR 

(95% CI) 

P 

Value 

Pcor 

Value 

OR 

(95% CI) 

P 

Value 

Pcor 

Value 

Maximum  

  Lag 1 

 

  Lag 2 

 

  Lag 3 

 

  Lag 4 

 

Exposure 

period   

 

1.00 

(1.00-1.00) 

1.00 

(0.99-1.00) 

1.00 

(1.00-1.00) 

1.00 

(0.99-1.00) 

1.00 

(0.99-1.00) 

 

0.97 

 

0.64 

 

0.76 

 

0.56 

 

0.53 

 

1.00 

 

1.00 

 

1.00 

 

1.00 

 

1.00 

 

1.00 

(1.00-1.01) 

1.00 

(1.00-1.01) 

1.00 

(1.00-1.01) 

1.00 

(1.00-1.01) 

1.00  

(1.00-1.01) 

 

0.07 

 

0.04 

 

0.23 

 

0.28 

 

0.16 

 

0.12 

 

0.09 

 

0.23 

 

0.28 

 

0.21 

 

1.00 

(1.00-1.00) 

1.00 

(1.00-1.00) 

1.00 

(0.99-1.00) 

1.00 

(1.00-1.01) 

1.00 

(1.00-1.00) 

 

0.34 

 

0.95 

 

0.33 

 

0.90 

 

0.55 

 

0.90 

 

0.99 

 

0.90 

 

0.99 

 

0.90 

Minimum  

  Lag 1 

 

Lag 2 

 

  Lag 3 

 

  Lag 4 

 

Exposure 

period 

 

1.00 

(0.99-1.01) 

1.00 

(0.98-1.01) 

1.00 

(0.99-1.01) 

0.99 

(0.98-1.01) 

0.99 

(0.97-1.02) 

 

0.82 

 

0.60 

 

0.84 

 

0.28 

 

0.62 

 

1.00 

 

1.00 

 

1.00 

 

1.00 

 

1.00 

 

1.00 

(1.00-1.01) 

1.00 

(1.00-1.01) 

1.01 

(1.00-1.01) 

1.00 

(1.00-1.01) 

1.01 

(1.00-1.02) 

 

0.20 

 

0.30 

 

0.03 

 

0.50 

 

0.01 

 

0.23 

 

0.30 

 

0.09 

 

0.50 

 

0.09 

 

1.01 

(1.00-1.02) 

1.00 

(0.99-1.01) 

1.00 

(0.99-1.01) 

1.00 

(0.99-1.01) 

1.00 

(0.98-1.01) 

 

0.20 

 

0.91 

 

0.99 

 

0.50 

 

0.62 

 

0.90 

 

0.99 

 

0.99 

 

0.90 

 

0.93 
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Mean  

  Lag 1 

 

  Lag 2 

 

  Lag 3 

 

  Lag 4 

 

Exposure 

period 

 

1.00 

(0.99-1.01) 

1.00 

(0.99-1.01) 

1.00 

(0.99-1.01) 

0.99 

(0.99-1.00) 

1.00 

(0.99-1.01) 

 

0.61 

 

0.67 

 

0.81 

 

0.12 

 

0.95 

 

1.00 

 

1.00 

 

1.00 

 

1.00 

 

1.00 

 

1.00 

(1.00-1.01) 

1.00 

(1.00-1.01) 

1.00 

(1.00-1.01) 

1.00 

(1.00-1.01) 

1.01 

(1.00-1.01) 

 

0.22 

 

0.11 

 

0.08 

 

0.27 

 

0.03 

 

0.23 

 

0.15 

 

0.13 

 

0.27 

 

0.09 

 

1.01 

(1.00-1.01) 

1.00 

(0.99-1.01) 

1.00 

(0.99-1.01) 

1.00 

(0.99-1.01) 

1.00 

(0.99-1.01) 

 

0.13 

 

0.95 

 

0.51 

 

0.56 

 

0.93 

 

0.90 

 

0.99 

 

0.90 

 

0.90 

 

0.99 

Range  

 Lag 1 

 

  Lag 2 

 

  Lag 3 

 

  Lag 4 

 

Exposure 

period 

 

1.00 

(1.00-1.00) 

1.00 

(0.99-1.00) 

1.00 

(0.99-1.00) 

1.00 

(0.99-1.00) 

1.00 

(0.99-1.00) 

 

0.90 

 

0.75 

 

0.69 

 

0.78 

 

0.59 

 

1.00 

 

1.00 

 

1.00 

 

1.00 

 

1.00 

 

1.00 

(1.00-1.01) 

1.00 

(1.00-1.01) 

1.00 

(1.00-1.00) 

1.00 

(1.00-1.00) 

1.00 

(1.00-1.00) 

 

0.45 

 

0.24 

 

0.69 

 

0.62 

 

0.90 

 

0.45 

 

0.24 

 

0.69 

 

0.62 

 

0.90 

 

1.00 

(1.00-1.01) 

1.00 

(0.99-1.01) 

1.00 

(0.99-1.00) 

1.00 

(1.00-1.01) 

1.00 

(1.00-1.00) 

 

0.66 

 

0.98 

 

0.21 

 

0.57 

 

0.45 

 

0.94 

 

0.99 

 

0.90 

 

0.90 

 

0.90 

Definition of abbreviations: CI = confidence interval  413 

*Confidence interval without correction in multiple comparison procedure. 414 

† For conditionnal logistic regression. 415 

‡ Corrected P Value with Benjamini Yekutieli’s method. 416 

 417 

 418 
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Table 3. Association between exposure to at least one fast increase concentration of 419 

pollutants over time windows of three hours, and the occurrence of primary spontaneous 420 

pneumothorax, during the exposure period. 421 

Variables OR (95% CI)* P value† Pcor value‡ 

NO2 (concentration of 40µg/m
3
) 

Lag 1 

Lag 2 

Lag 3 

Lag 4 

Exposure period 

1.00 (0.79 - 1.26) 

1.13 (0.89 - 1.43) 

1.06 (0.83 - 1.35) 

1.13 (0.89 - 1.42) 

1.04 (0.86 - 1.25) 

 

1.00 

0.32 

0.61 

0.32 

0.69 

 

1.00 

1.00 

1.00 

1.00 

1.00 

O3 (concentration of 40µg/m
3
) 

Lag 1  

Lag 2 

Lag 3 

Lag 4 

Exposure period 

 

1.00 (0.82 - 1.22) 

1.08 (0.89 - 1.31) 

1.03 (0.85 - 1.25) 

1.07 (0.88 - 1.31) 

0.96 (0.81 - 1.13) 

 

0.97 

0.46 

0.77 

0.51 

0.61 

 

0.97 

0.46 

0.77 

0.51 

0.61 

PM10 (concentration of 20µg/m
3
) 

Lag 1 

Lag 2 

Lag 3 

Lag 4 

Exposure period 

 

1.01 (0.80 - 1.27) 

1.11 (0.87 - 1.40) 

1.08 (0.86 - 1.36) 

1.07 (0.85 - 1.35) 

1.07 (0.90 - 1.28) 

 

0.94 

0.40 

0.48 

0.56 

0.42 

 

0.99 

0.90 

0.90 

0.90 

0.90 

Definition of abbreviations: CI = confidence interval  422 

*Confidence interval without correction in multiple comparison procedure. 423 

† For conditionnal logistic regression. 424 

‡ Corrected P Value with Benjamini Yekutieli’s method. 425 

 426 



24 

 

Table 4. Association between exposure to at least one peak of pollution and the occurrence 427 

of primary spontaneous pneumothorax, during the exposure period. 428 

Variables OR (95% CI)* P value† Pcor value‡ 

O3 (8-hour average 120 µg/m
3
) 

Lag 1 

Lag 2 

Lag 3 

Lag 4 

Exposure period 

 

1.35 (0.95 - 1.91) 

1.31 (0.89 - 1.93) 

1.34 (0.91 - 1.98) 

1.03 (0.70 - 1.54) 

1.08 (0.83 - 1.42) 

 

0.09 

0.17 

0.14 

0.87 

0.57 

 

0.20 

0.23 

0.23 

0.87 

0.57 

PM10 (daily average 50 µg/m
3
 ) 

Lag 1 

Lag 2 

Lag 3 

Lag 4 

Exposure period 

 

0.88 (0.58 - 1.32) 

0.96 (0.64 - 1.43) 

0.86 (0.56 - 1.30) 

0.81 (0.53 - 1.25) 

0.87 (0.65 - 1.16) 

 

0.52 

0.82 

0.46 

0.33 

0.33 

 

0.90 

0.99 

0.90 

0.90 

0.90 

Definition of abbreviations: CI = confidence interval  429 

*Confidence interval without correction in multiple comparison procedure. 430 

† For conditionnal logistic regression. 431 

‡ Corrected P Value with Benjamini Yekutieli’s method. 432 

 433 
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FIGURES 440 

 441 

 442 

 443 

Figure 1: Geographical location of the fourteen participating centers  444 

Seven university teaching hospitals, namely Angers, Besançon, Clermont-Ferrand, Dijon, 445 

Grenoble, Poitiers and Toulouse; and seven general, non-academic hospitals, namely Belfort, 446 

Béthune, Boulogne sur Mer, Lomme, Roubaix, Mulhouse and Vesoul. Maximal distance 447 

between two hospitals: north-south 798km; east-west 593km.   448 

 449 

 450 

 451 

 452 

 453 
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 454 

 455 

Figure 2: Flow chart of the population include 456 

Definition of abbreviations: PSP=primary spontaneous pneumothorax 457 

 458 

 459 

 460 

 461 
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 462 

Figure 3: Hourly mean concentration of nitrogen dioxide (NO2), ozone (O3) and particulate 463 

matter with a diameter ≤10µm (PM10) according to the four days on the case and control 464 

periods 465 

 466 
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 467 

Figure 4: Percentage of periods, according to the case and control status, exposed to at 468 

least one fast increase concentration of pollutants  469 

A.nitrogen dioxide (NO2) cut-off= 40µg/m3; B. ozone (O3) cut-off = 40µg/m3; C. particulate 470 

matter with a diameter ≤10µm (PM10) cut-off = 20µg/m3. 471 

 472 

 473 
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 474 

Figure 5: Percentage of periods, according to the case and control status, exposed to at 475 

least one peak of pollution, on every Lag and exposure period. 476 

A. ozone (O3) = 120 µg/m3 (8-hour average) ; B. particulate matter with a diameter ≤ 10µm 477 

(PM10) = 50 µg/m3 (daily average) 478 

 479 




