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Effect of meteorological factors on first episode and recurrence 
of primary spontaneous pneumothorax
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INTRODUCTION
Pneumothorax is characterized by air accumulation in the 
pleural space followed by lung collapse and is classified into 
spontaneous, traumatic, or iatrogenic1. Primary spontaneous 
pneumothorax (PSP) usually occurs in young, healthy indi-
viduals (aged 10–40 years) in the absence of any underlying 
lung disease2. Recurrence refers to repeated episodes of pneu-
mothorax that occur after an initial episode. Studies have 
reported the recurrence rates of 13–49% in the first year and 
above 50% in 5-year follow-up3. Rupture of a bleb, bulla, or 
subpleural pores in the lung apex has been implicated in the 
pathogenesis of PSP, but the etiological factors remain unclear. 
Asthenic body type, smoking, young age, and male sex are 
recognized as risk factors for PSP4. Apart from these, genetic 
causes, environmental factors, and meteorological conditions 
have also been implicated. 

There are publications in the literature demonstrating a 
relationship between PSP and meteorological factors and air 
pollution. These studies have investigated factors, such as air 
pollution, atmospheric pressure (AP), humidity changes, air 
temperature, daily rainfall, and wind speed, and some have 

shown a relationship between these factors and the develop-
ment of spontaneous pneumothorax. 

The present study investigated the clinical characteristics 
and seasonal distribution of PSP patients and evaluated the 
associations between meteorological factors and PSP develop-
ment overall and in patients with first episode and recurrence. 

METHODS
The hospital records of 168 PSP patients treated in the tho-
racic surgery department of Recep Tayyip Erdogan University 
Education and Research Hospital over the 5-year period between 
January 2016 and December 2020 were reviewed retrospectively. 
All patients with PSP, who aged between 17 and 35 years, pre-
sented to our clinic, and had complete records, were included 
in the study. Patients, who aged <17 years or >35 years, whose 
records were incomplete, or who presented to our hospital from 
outside the region, were excluded.

Demographic data collected from the patients’ records 
included age, gender, PSP side, a first episode or recurrence, 
length of hospital stay, smoking status, treatment received, 
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SUMMARY
OBJECTIVE: In this study, we evaluated the clinical characteristics and seasonal distribution of patients with primary spontaneous pneumothorax 

and examined the relationships between meteorological factors and pneumothorax development overall and in terms of first episode and recurrence. 

METHODS: The hospital records of 168 pneumothorax patients treated in our clinic between January 2016 and December 2020 were reviewed 

retrospectively. A cluster was defined as two or more patients with pneumothorax presenting within three consecutive days. Meteorological factors 

were compared between days with and without pneumothorax patients. This comparison was based on meteorological data from the day of 

symptom onset (D), the day before symptom onset (D1), and the difference between those days (D–D1). Meteorological data from the index day 

(D) were also compared between patients with first episode and recurrence of pneumothorax.

RESULTS: The study included 149 (88.7%) men and 19 (11.3%) women. The mean age was 25.02±6.97 (range, 17–35; median, 26) years. 

Of note, 73 (43.4%) patients underwent surgery. The highest number of patients presented in November (n=19, 11.3%). In terms of season, most 

presentations occurred in autumn. Humidity was significantly lower on recurrence days compared with first episode (p=0.041).

CONCLUSION: Our results indicated that meteorological factors (i.e., atmospheric pressure, humidity, wind speed, temperature, and precipitation) 

were not associated with pneumothorax development. By comparing the patients with first episode and recurrence, the humidity was significantly 

lower in the recurrence group.
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body mass index (BMI), and reasons for undergoing surgery. 
The day of PSP occurrence was defined as the day of symptom 
onset (chest pain and shortness of breath) as determined from 
the patients’ records instead of the day of presentation. Two or 
more patients presenting with PSP within three consecutive 
days were defined as a cluster5. 

Wind speed, humidity, temperature, AP, and daily precipita-
tion data were obtained from the National General Directorate 
of Meteorology. There were no missing data among the data-
sets. Meteorological factors were compared between days with 
and without PSP cases based on data from the day of symptom 
onset (D), the day before symptom onset (D1), and the differ-
ence between these days (D–D1). Meteorological factors on 
the index day (D) were also compared between patients with 
first episode and those with recurrence of PSP.

Statistical analysis
Analyses were performed using SPSS version 18.0 software (SPSS 
Inc., Chicago, IL, USA). Continuous data were presented as 
mean and standard deviation, and categorical data were pre-
sented as numbers and percentages. The distribution of contin-
uous data was evaluated using the Kolmogorov–Smirnov test. 
The Mann–Whitney U-test was used to analyze relationships 
between meteorological data and days with and without PSP 
cases and between days with first episode and recurrence of PSP. 
A statistical significance level of p<0.05 was used for all tests.

RESULTS
A total of 168 patients with PSP treated between January 2016 
and December 2020 were included in the study. Of these, 149 
(88.7%) were men, and 19 (11.3%) were women. The mean 
age was 25.02±6.97 (range, 17–35) years, and the median age 
was 26 years. Of note, 73 (43.4%) patients underwent surgery. 
The mean length of hospital stay for patients not treated sur-
gically was 6.26±2.33 days, while that of patients who under-
went surgery was 10.38±4.14 (median, 9.8) days. The mean 
BMI of patients was 21.67±3.12, and 118 (70.2%) patients 
had smoking history. The most common symptoms were chest 
pain (90.4%), shortness of breath (17.7%), and cough (2.9%). 
Pneumothorax was on the right side in 103 (61.3%) patients 
and on the left side in 65 (38.7%) patients. Surgery was per-
formed in 38 (52.1%) patients due to recurrent pneumotho-
rax, in 32 (43.8%) patients due to prolonged air leak, and in 3 
(4.1%) patients for other reasons (hemothorax in 2 patients and 
expansion defect in 1 patient) (Table 1). The highest number 
of patients presented in November (n=19, 11.3%). In terms 
of season, most presentations occurred in autumn.

The 168 PSP episodes occurred on 158 different days. 
A total of 68 (43%) patients presented in 30 PSP clusters. 
The mean number of cases in each cluster was found to be 
2.1±0.6 (range, 2–4 cases).

The AP (hPa), wind speed (km/h), humidity (%), temperature 
(°C), and amount of precipitation (mm) were evaluated from the 
meteorological data of 158 days with PSP symptom onset and the 
1,668 days without PSP cases. There were no statistically signifi-
cant differences between days with and without PSP in terms of 
meteorological parameters on the index day (D), the day before 
(D1), or the difference between these days (D–D1) (Table 2).

The comparison of the first episode and recurrence of PSP 
patients in terms of meteorological data showed that humidity was 
significantly lower on days with recurrence (p=0.041) (Table 3).

DISCUSSION
Apart from the commonly known factors in the etiology of 
PSP, one of the current topics is the effect of meteorological 
factors. Studies have suggested possible associations between 

Table 1. Characteristics of patients with primary spontaneous 
pneumothorax (n=168).

Mean±SD or n (%)

Age 25.02±6.97

Gender

Male 149 (88.7)

Female 19 (11.3)

Smoker 118 (70.2)

Mean BMI (kg/m2) 21.67±3.12

Side of PSP

Right 103 (61.3)

Left 65 (38.7)

Length of hospital stay

Surgical patients 10.38±4.14

Nonsurgical patients 6.26±2.33

Reason for surgery

Recurrence 38 (52.1)

Prolonged air leaked 32 (43.8)

Other reasons 3 (4.1)

Number of PSP episodes

First episode 106 (63.1)

Recurrence (2 or more) 62 (36.9)

BMI: body mass index; SD: standard deviation; PSP: primary spontaneous 
pneumothorax.
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Table 2. Comparison of meteorological factors on days with and without cases of primary spontaneous pneumothorax. 

Parameter
Days without PSP 

(1,668 days)
mean±SD

Days with PSP 
(158 days)
mean±SD

p

Wind speed (km/h)

D 5.23±2.52 5.43±2.68 0.329

D1 5.25±2.53 5.22±2.60 0.878

D–D1 −0.02±3.02 0.22±3.18 0.348

Humidity (%)

D 58.86±15.51 59.15±17.06 0.821

D1 59.06±15.57 57.09±16.47 0.132

D–D1 −0.21±16.48 2.06±17.66 0.100

Atmospheric pressure (hPa)

D 1015.36±6.11 1015.55±5.72 0.714

D1 1015.34±6.09 1015.75±5.96 0.426

D–D1 0.02±4.12 −0.20±4.14 0.533

Temperature (°C)

D 15.89±6.91 15.56±6.88 0.558

D1 15.90±6.91 15.49±6.87 0.469

D–D1 0.00±1.74 0.07±2.01 0.633

Precipitation (mm)

D 5.70±12.98 6.46±15.55 0.493

D1 5.66±12.90 6.91±16.18 0.258

D–D1 0.01±16.22 −0.45±20.31 0.736

D: index day; D1: 1 day earlier; hPa: hectopascal; SD: standard deviation; PSP: primary spontaneous pneumothorax.

Parameter

Attack number

pFirst episode (n=106)
Mean±SD

Recurrence(n=62)
Mean±SD

Wind speed (km/h) 5.30±2.26 5.57±3.19 0.527

Humidity (%) 61.79±16.36 56.24±17.73 0.041

AP (hPa) 1015.22±5.15 1016.06±6.47 0.355

Temperature (°C) 16.05±6.86 14.57±6.98 0.180

Precipitation (mm) 7.70±18.76 5.86±15.26 0.513

Table 3. Comparison of meteorological factors on days with cases of first episode and recurrence of primary spontaneous pneumothorax.

AP: atmospheric pressure; hPa: hectopascal; SD: standard deviation.

meteorological factors and myocardial infarction, asthma, 
abdominal aortic rupture, facial paralysis, and sudden hearing 
loss6. There are also reports of pneumothorax due to pressure 
changes while diving and during flights7. 

Humidity is a parameter evaluated in many studies, but most 
could not demonstrate a relationship with PSP8,9. Ozenne et al.10 

reported that spontaneous pneumothorax peaked in winter and 
summer, and its incidence was significantly associated with low 
humidity. They stated that dry air results in inadequate humid-
ification of the airways and that the subsequent bronchocon-
striction may play a role in the physiopathology of pneumotho-
rax. Bozkurt et al.11 found that the mean change between daily 
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development of pneumothorax. In their study, there was a decrease 
in pressure on 65% of the days on which PSP cases presented and 
an increase in pressure on 65% of the days with no PSP cases. 
Another large study by Haga et al.23 included 1,051 patients with 
PSP and showed that the AP fell by 0.6 hPa on the days of PSP 
cases compared with the day before. In our literature review, there 
were also a substantial number of studies in which no relationship 
was detected between AP and pneumothorax, as in our study24. 

In their study in 2007, Alifano et al.5 defined a cluster as 
a period of 3 days in which two or more patients presented 
and reported a cluster rate of 84% in their study involving 
294 patients. This rate was 70.5% in a 699 case series reported 
by Özpolat et al.16. In these three studies, clustering was asso-
ciated with low AP. Haga et al.23 reported 597 clusters in a 
study of 1,051 cases, with 88% of the patients in these clusters. 
The mean number of pneumothorax cases per cluster was 3.2 
in the study by Alifano and 2.5±0.8 in the study by Özpolat 
et al. In our study, 43% of the PSP cases formed clusters, and 
the mean number of cases per cluster was 2.1±0.6. 

In terms of seasonality, we noted in our literature review 
that PSP was most common in autumn and in the months of 
June and November11,18. Similarly, in our study, we found that 
the number of patients was higher in autumn and November.

The main limitations of the present study are its retrospec-
tive design and our inability to conduct multivariate analysis 
due to the small number of patients. 

CONCLUSION
It is clear from many studies conducted on this subject that 
the relationship between the meteorological factors and the 
development of pneumothorax has yet to be proven defini-
tively. We believe that detailed studies comparing different pre-
disposing factors with meteorological data will provide more 
definitive information in the future.
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maximum and minimum humidity levels was 43.1±13.4% on 
the days when 95 patients presented with spontaneous pneumo-
thorax and 38.6±16.2% on the other days. In our study, there 
was no relationship between PSP and humidity, but when the 
first episode and recurrence patient groups were compared, the 
humidity level was significantly lower on the days when patients 
presented with recurrence. Therefore, we believed that a decrease 
in humidity may be a factor in the development of recurrence.

A relationship between wind speed and spontaneous pneu-
mothorax has been mentioned in some publications. Ogata 
et al.8 observed a relationship between PSP and high wind 
speed in their study involving 110 cases. Schiemann et al.12 
conducted a study on 220 patients and found that high wind 
speed and low AP were associated with spontaneous pneumo-
thorax. In contrast, Bertolucci et al.13 reported a relationship 
between spontaneous pneumothorax and low wind speed. In 
a series of 195 cases analyzed by Yamac et al.14, the wind speed 
was significantly lower on the days when patients presented 
with spontaneous pneumothorax. In their two-center study, 
including 494 patients, Daş et al.15 demonstrated that sponta-
neous pneumothorax was associated with northern winds and 
low wind speed and reported that low temperature and sudden 
temperature changes could also be factors.

The amount of precipitation has also been investigated, 
though less frequently. In a series of 669 patients, Özpolat et al.16 
found significantly more precipitation on the days when patients 
presented with spontaneous pneumothorax and in the 2-day 
period before these days. Similarly, Alifano et al.5 reported an 
increase in spontaneous pneumothorax on stormy days, which 
they defined as thunder and lightning with heavy rainfall. 

Similar to other meteorological factors, our literature review 
yielded different results related to temperature5,17,18. Özpolat 
et al.16 showed that PSP was associated with low temperature 
but noted that this might be a cofactor rather than having a 
direct effect. In another study of 200 patients, Yaksi et al.19 also 
found that a reduction in temperature was significantly associ-
ated with the development of PSP. Sahinoglu et al.20 reported 
that temperature higher than 15°C may contribute to the devel-
opment of PSP and that when compared with blood group, 
people with blood group O were more resistant to temperature 
changes. In a study by Zhang et al.21, involving 337 patients, 
an increase in mean temperature and low AP were reported to 
play a role in PSP development.

In contrast, changes in AP are the most popular area of study, 
with the most related articles and the largest patient series. In a 
recent study, Akyıl et al.22 evaluated 1,097 PSP patients treated 
in a 4-year period and reported that low pressure and sudden 
decrease in pressure during the day might be the factors in the 
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