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Background. The relationship between air pollution and exacerbation of respiratory diseases is well established. Nevertheless,
its association with hemoptysis has been poorly investigated. This paper describes the relationship of air pollutants with severe
hemoptysis. Methods. All consecutive subjects with severe hemoptysis during a 5-year period were included. The relationship
between the contamination measurements and the frequency of embolizations was analyzed using Poisson regressions. In these
regressions, the dependent variable was the monthly number of embolizations in a given month and the independent variable
was either the concentration of an air contaminant during the same month, the concentration of the air contaminant during the
previous month, or the difference between the two. Results. A higher total number of embolizations per month were observed over
the months with increases in the concentration of NO. The number of embolizations was 2.0 in the 33 months with no increases in
the concentration of NO, 2.1 in the 12 months with small increases, 2.2 in the 5 months with moderate increases, 2.5 in the 4 months
with large increases, and 4.0 in the 5 months with very large increases. Conclusion. There is association between hemoptysis and

increases in the concentration of atmospheric NO in Badalona (Spain).

1. Introduction

Hemoptysis is a potentially life-threatening situation that
requires prompt intervention. Several conditions such as
tuberculosis, cancer, or bronchiectasis may lead to clinically
significant hemoptysis. Some authors have suggested that
there is some seasonal periodicity of hemoptysis [1-3] or have
described its association with respiratory tract infections [4-
7], or with climatic parameters [7].

The relationship between ambient air pollution and exac-
erbation of respiratory diseases [8-11] or lung function dec-
line [12, 13] is well established. Nevertheless, the association
of air pollution with life-threatening hemoptysis has been
poorly investigated.

This paper describes the relationship of air pollutants with
severe hemoptysis that required bronchial artery emboliza-
tion (BAE).

2. Methods

2.1. Institution. This was an observational retrospective study
of subjects presenting with life-threatening hemoptysis that
underwent BAE at Hospital Universitari Germans Trias i
Pujol (HGTiP), a 600-bed tertiary referral hospital in Bada-
lona (Catalonia, Spain), a referral hospital for over 700,000
people. In 2009 there were 27,000 hospital admissions and
110,000 admissions in the emergency room. The closest refer-
ence hospital that can perform embolizations is located 10 km
away.

2.2. Case Definition. All consecutive subjects with at least
one episode of life-threatening hemoptysis that required BAE
during a 5-year (January 2007-December 2011) period were
included. Indication for BAE was life-threatening hemopty-
sis, which was defined as either bleeding of 200 mL during 24
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hours or 100 mL daily during at least three days or a minor
hemoptysis with hemodynamic instability. Before BAE all
patients had a contrast enhanced CT of the chest. Recur-
ring hemoptysis requiring BAE in a subject with previous
embolization was included as a new hemoptysis event, unless
it occurred within one month from the prior event (this was
considered as an early recurrent bleeding) [14]. We obtained
the number of BAE for every month of the year during the
study period.

Those subjects residing farther than 15 km away from our
institution were not included in the analysis to ensure that
they lived close to the atmospheric pollution control sampling
station.

2.3. Air Pollution Data Collection. Catalonia has a network of
atmospheric pollution control sampling stations operated by
the Department of Environment of the Catalan Autonomous
Government. Air pollution data were obtained from a single
station located in Badalona, 5 km away from our institution,
from Jan 2007 to Dec 2011 (http://www?20.gencat.cat/portal/
site/mediambient/ accessed July 13, 2014). This station is the
closest atmospheric pollution sampling station to the hospi-
tal. Monthly mean values were obtained for sulfur dioxide
(SO,), nitric oxide (NO), nitrogen dioxide (NO,), ozone
(O5), carbon monoxide (CO), and particulate matter with a
diameter of <10 ym (PM,,). Information on other pollutants
such as PM, ; was not available.

2.4. Influenza Activity. The Internet search engine Google
developed Google Flu Trends (GFT) in 2008, to estimate
national and regional influenza incidence. GFT is highly cor-
related with historical influenza-like illness (ILI) conven-
tional surveillance data and can detect regional outbreaks of
influenza 7-10 days earlier than the existing US CDC surveil-
lance system [15].

For the purpose of this study, the weekly GFT estimates
of influenza incidence in Catalonia, a northeastern region of
Spain with an area of 32,114 km?, were recorded (http://www
.google.org/flutrends accessed January 10, 2013), and monthly
estimates were calculated. Although our institution is a
referral hospital for a smaller area, there was no other source
that could be used to validate the influenza activity in the
area covered by our institution; therefore we assumed that the
GFT estimates for Catalonia correlated with influenza activity
in our area.

2.5. Climatic Data Collection. Monthly mean temperature
was obtained from the Catalan meteorological agency (http://
www.meteo.cat/ accessed December 13, 2012) for a single
weather station located in Badalona, 5km away from our
institution from Jan 2007 to Dec 2011.

2.6. Statistical Analysis. The relationship between the con-
tamination measurements and the frequency of emboliza-
tions was analyzed using simple Poisson regressions. In these
regressions, the dependent variable was the monthly number
of embolizations in a given month and the independent vari-
able was either (a) the concentration of an air contaminant
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during the same month (x,), (b) the concentration of the air
contaminant during the previous month (x,_;), or (c) the
difference between the two (x, — x,_;, i.e., the increase in
the concentration). Potential collinearity between any pair
of pollutants as well as those between the monthly concen-
trations of a pollutant and the difference of concentration
between the same and the previous month was checked using
the variance inflating factor (VIF). Variables with VIFs of 5 or
above would be considered to be affected by collinearity. The
number of days of each month was included as an offset to
model the longer exposure during 31-day months compared
to that during 28-to-30-day months. Bonferroni correction
for multiple comparisons accounted for the fact that this
study assessed the effect of six different air contaminants.

Prior to conducting these regressions, the monthly num-
ber of embolizations was checked to follow the theoretically
expected Poisson distribution by visually inspecting the
histogram and conducting a y* goodness of fit test. Similarly,
it was checked to not be overdispersed or zero-inflated by
ensuring that the variance was not substantially larger than
the mean (indicating overdispersion) and that there was
no excess of zeros (indicating zero-inflation). The potential
effects of seasonality were assessed by fitting Poisson regres-
sions by the sine and cosine functions of the month [16],
so that a gradual shift from month to month was modeled:
sin[(month — phase,) x 277/12] and cos[(month — phase,) x
2m/12].

The potential effects of both monthly temperature and
monthly influenza virus activity were assessed by fitting
simple Poisson regressions with these factors as independent
variables. Statistically significant potential confounds and
interactions could be added to the Poisson regressions follow-
ing a forward stepwise strategy. Calculations were conducted
in R [17].

2.7, Ethical Considerations. The research protocol was appro-
ved by the regional ethics committee (Ethics Committee for
Clinical Research of the Hospital Germans Trias i Pujol).

3. Results

One hundred twenty-five subjects who underwent 133 embol-
izations were included in the analysis (Table 1), with 27 of
them (21%) having been diagnosed as having idiopathic
hemoptysis, that is, when no underlying etiology (such as pul-
monary diseases, pulmonary embolism, or cardiac disease)
could be discovered.

Distribution of monthly embolization data did not devi-
ate from the theoretically expected Poisson distribution (x* =
1.97, p = 0.922) and no overdispersion or zero-inflation was
observed (variance/mean = 0.95; observed versus expected
number of zeros: 5 versus 6.3), thus indicating the adequacy of
Poisson regressions. Seasonality, temperature, and influenza
virus activity did not show any statistically significant effect
(all p > 0.065) and no pairwise collinearity was detected
among pollutant concentrations.

A higher total number of embolizations per month were
observed over time during the months with increases in the
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TaBLE 1: Characteristics of the 125 subjects included in the study.

Age (years)
Median, mean (SD) 60.6,58.2 (17)
Sex (n (%))
Male 92 (74)
Female 33 (26)
Pathological condition (1 (%))
Bronchiectasis 41 (33)
Cancer 25 (20)
COPD 22 (18)
Active tuberculosis 10 (8)
Idiopathic 27 (21)
Embolizations per patient (12 (%))
1 115 (92)
2 8 (6)
>3 2(2)

concentration of NO with respect to the previous month one
(p = 0.006, corrected p = 0.034, Table 2). To provide a
straightforward idea of the strength of the relationship we
calculated the number of embolizations per month to be
2.0 in the 33 months with no increases in the concentration
of NO (x; — x,_; < 0), 2.1 in the 12 months with small
increases (0 < x, — x,_; < 5ug/m’), 2.2 in the 5 months
with moderate increases (5 < x, — x,_; < 10), 2.5 in the 4
months with large increases (10 < x, — x,_, < 15ug/m’),
and 4.0 in the 5 months with very large increases (x, — x,_; >
15 ug/m®). In order to provide a more comprehensive study
of these effects, we checked for potential interactions with
seasonality, temperature, and influenza activity. A potential
negative interaction was found with monthly temperature
(p = 0.012): the Poisson regression exponentiated coefficient
per 15 ug NO/m’ increase was estimated to be around 2 (i.e.,
100% increase in the number of embolizations) in the coldest
months (mean temperature <10°C) and around 1 (i.e., no
relationship) in warmer months (mean temperature >20°C).

A similar effect was found when analyzing the concen-
tration of NO,, although the relationship was no longer
significant after adjusting for multiple comparisons (p =
0.014, corrected p = 0.085).

4. Discussion

This study provides evidence of an association between severe
hemoptysis requiring BAE and increases in the concentration
of atmospheric NO with respect to the previous month in
Badalona (Spain). A similar association was found when
analyzing the concentration of NO,, though the relationship
was not statistically significant after adjusting for multiple
comparisons. We found no relationship between the other
pollutants analyzed (SO,, O, CO, and PM,,) and the inci-
dence of life-threatening hemoptysis.

Air pollution is a known risk factor for poor outcomes
and exacerbations in both respiratory [8-12, 18] and nonres-
piratory diseases [19-23]. Recently, Johannson et al. [9] have
described that increased ozone and nitrogen dioxide expo-
sure over the preceding six weeks was associated with an
increased risk of acute exacerbation of idiopathic pulmonary
fibrosis. Another group suggested that traffic-related air
pollution was likely to increase the risk of death in patients
with noncystic fibrosis bronchiectasis [10]. Nevertheless, they
did not measure air pollutants but instead used the distance
to a road and its traffic as indicators of exposure. Yorifuji
et al. [11] evaluated the association between hourly changes
in air pollution and the risk of respiratory disease in the
elderly. They found that suspended particulate matter (SPM)
exposure 24 to 72 hours prior to the onset and ozone exposure
48 to 96 hours prior to the onset were associated with
increased risk of respiratory disease. SO, exposure 0 to 24
hours prior to the onset was associated with increased risk
of pneumonia and influenza. Additionally, Lepeule et al. [12]
evaluated the effect of long-term exposure to black carbon on
levels and rates of decline in lung function in the elderly. Their
results suggested the existence of adverse effects of long-term
exposure to this pollutant. Nevertheless, to the best of our
knowledge, no study has to date evaluated how air pollution
correlates with hemoptysis.

The mechanism by which air pollutants damage the
lungs and increase exacerbations is not completely clear. A
plausible biomedical explanation would be the activation
of inflammatory pathways in the small airways in response
to particulate and gaseous pollutant exposure, resulting in
the recruitment of inflammatory cells and the generation of
inflammatory mediators [19-23]. Particles, NO,, and O, are
oxidants that can trigger intracellular oxidative stress [13,
24, 25], causing clinical effects in those individuals who are
more vulnerable due to existing chronic or acute disease.
Several studies have shown wide interindividual variability
in responses to air pollutants. Although genetic factors surely
influence this variability, some other factors must be taken
into consideration, such as the distribution of ventilation in
the different lung compartments and in the case of particle
differences in regional depositions within the lungs [8].

Nitrogen oxides (NO, ), a mixture of NO and NO,, are
produced from natural sources, motor vehicles, and other fuel
combustion processes. NO is not known to significantly affect
human health, but there is a concern regarding NO emission
and levels [26]. In ambient conditions, NO is rapidly trans-
formed into NO, by atmospheric oxidants such as ozone.

Many studies have documented associations between
day-to-day variations in NO, concentration and variations
in mortality, hospital admissions, and respiratory symptoms.
The associations between NO, and short-term health effects
in many studies remain after adjustment for other pollutants
(mainly PM,, and sometimes PM, 5 or black smoke) [27].
Accidental exposure to NO, in indoor ice arenas has also
been described. The symptoms included cough, shortness of
breath, hemoptysis, and chest pain or tightness [28, 29].

Identification of significant triggers of hemoptysis, such
as low temperature or air pollution, could be useful for
physicians to improve prevention measures and educational
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TABLE 2: Poisson regression exponentiated coefficients of the relationship between concentration of air contaminants and monthly number
of embolizations.

... concentration of the
contaminant in the previous
month (x,_,)

... concentration of the
contaminant in the same
month (x,)

Relationship between number
of embolizations in a given
month and ...

... increase (from the previous
month) in the concentration
of the contaminant (x, — x,_;)

Contaminants
SO, (per 1 ug/m?)
NO (per 15 pug/m”)
NO, (per 10 ug/m®)
0, (per 20 yg/m?*)
CO (per 0.1 ug/m?)
PM,, (per 10 yg/m®)

Potential confounds

1.010 (p = 0.918)
1169 (p = 0.132)
1135 (p = 0.177)
0.868 (p = 0.154)
1.073 (p = 0.490)
1.029 (p = 0.770)

1.070 (p = 0.521)
0.958 (p = 0.679)
0.945 (p = 0.521)
0.900 (p = 0.301)
0.923 (p = 0.511)
0.991 (p = 0.926)

0.961 (p = 0.636)
1.445 (p = 0.006)**
1292 (p = 0.014)"
0.839 (p = 0.302)

1.253 (p = 0.094)

1.097 (p = 0.432)
Temperature (per 10°C) 0.987 (0.933) 1.118 (0.511) 0.596 (0.101)
0.808 (0.182) 0.857 (0.339) 0.993 (0.959)

Each cell shows the Poisson regression exponentiated coeflicient and the p value of the relationship. The exponentiated coefficient shows the amount by which
the expected number of embolizations is multiplied per each unit increase in the contaminant (e.g., for the right-most NO cell, 1.169, the expected number of
embolizations in a given month is 16.9% higher if the concentration of NO is 15 ug/m® higher). The measurement units were semiconventionally chosen (round
numbers with similar standard deviations ~ 0.5-1), but statistics were conducted considering the variables as continuous for which p values do not depend on

Influenza (per 500 searches)

these measure units.
** Statistically significant after correction for multiple comparisons.
*Only statistically significant before correction for multiple comparisons.

strategies in those patients with those diseases that are more
likely to produce hemoptysis, or those with a higher risk of
recurrence. Air pollution is a potentially modifiable risk fac-
tor either by exposure avoidance or through environmental
policy.

This study has several limitations. First of all, we used a
therapeutic technique as an indirect indicator of hemoptysis.
Thus, not all patients with hemoptysis are included in this
study, which would have been desirable. Unfortunately, we
could not provide the data regarding all the patients with
hemoptysis during the study period who had not undergone
BAE. Those who died due to massive hemoptysis prior to
BAE or those with mild or moderate hemoptysis that did not
require BAE were not included in the study. Secondly, we used
outdoor air pollution exposure measured at a distance of 5 km
from our institution to estimate individual exposure levels,
which may not reflect actual exposures. Third, data on the
medications used by patients was not available and therefore
could not be included in the analysis. This would have been
of interest, especially in the case of anticoagulants. And lastly,
daily values of air pollutants were not available, so it was not
possible to analyze the effect of peak levels of these pollutants
on severe hemoptysis.

The main strength of this report is that all patients inclu-
ded in the study had confirmed severe hemoptysis, and other
conditions that could be considered as hemoptysis (such as
hematemesis) have been excluded.

5. Conclusion

In summary, we found that increases in concentration of air
NO were associated with the risk of severe hemoptysis requir-
ing BAE, and we speculate that air pollution represents one of

a series of factors that serve as triggers for this clinical event.
Confirmatory studies on the association of air pollution with
hemoptysis shown in the present study are desirable, utilizing
larger data sets.

Competing Interests

The authors declare no financial or personal relationships
with people or organizations that could inappropriately
influence their work in the present paper.

Authors’ Contributions

Ignasi Garcia-Olive, Jose Antonio Fiz, and Juan Ruiz-
Manzano designed the research study; Ignasi Garcia-Olive
and Jose Sanz-Santos collected the data and wrote the paper;
Joaquim Radua analyzed the data.

Acknowledgments

The authors would like to thank the Service of Air Surveil-
lance and Control (Servei de Vigilancia i Control de 'Aire) of
the Department of Environment of the Catalan Autonomous
Government for the data provided. Joaquim Radua was sup-
ported by the Instituto de Salud Carlos III (Miguel Servet
Research Contract CP14/00041).

References

[1] E Boulay, F. Berthier, O. Sisteron, Y. Gendreike, and B. Blaive,
“Seasonal variation in cryptogenic and noncryptogenic hemop-
tysis hospitalizations in France,” Chest, vol. 118, no. 2, pp. 440-
444, 2000.



Canadian Respiratory Journal

(2]

[3

(10]

(11

(12]

(16]

E Boulay, O. Sisteron, T. Chevallier, and B. Blaive, “Predictable
mini-epidemics of spontaneous pneumothorax: haemoptysis
too?” The Lancet, vol. 351, no. 9101, p. 522, 1998.

L. Garcia-Olivé, J. A. Fiz, J. Sanz-Santos et al., “Temporal pat-
terns in severe hemoptysis requiring bronchial artery emboliza-
tion,” Multidisciplinary Respiratory Medicine, vol. 7, article 50,
2012.

R. N. Johnston, W. Lockhart, R. T. Ritchie, and D. H. Smith,
“Haemoptysis,” British Medical Journal, vol. 1, no. 5173, pp. 592
595, 1960.

M. Lewis, J. Kallenbach, P. Kark, M. Zaltzman, M. Hockman,
and S. Zwi, “Severe haemoptysis associated with viral tracheitis;”
Thorax, vol. 37, article 869, 1982.

M. Adelman, E. F. Haponik, E. R. Bleecker, and E. J. Britt, “Cryp-
togenic hemoptysis: clinical features, bronchoscopic findings,
and natural history in 67 patients,” Annals of Internal Medicine,
vol. 102, no. 6, pp. 829-834, 1985.

I. Garcia-Olivé, J. A. Fiz, J. Sanz-Santos, C. Martinez-Rivera,
M. Prats, and J. Ruiz-Manzano, “Association of influenza-like
illness and climatic parameters with hemoptysis,” Respiratory
Care, vol. 59, no. 11, pp- 1726-1730, 2014.

B. Brunekreef and S. T. Holgate, “Air pollution and health,” The
Lancet, vol. 360, no. 9341, pp. 1233-1242, 2002.

K. A. Johannson, E. Vittinghoff, K. Lee et al., “Acute exac-
erbation of idiopathic pulmonary fibrosis associated with air
pollution exposure,” European Respiratory Journal, vol. 43, no.
4, pp. 1124-1131, 2014.

P. C. Goeminne, E. Bijnens, B. Nemery, T. S. Nawrot, and L.
J. Dupont, “Impact of traffic related air pollution indicators on
non-cystic fibrosis bronchiectasis mortality: a cohort analysis,”
Respiratory Research, vol. 15, article 108, 2014.

T. Yorifuji, E. Suzuki, and S. Kashima, “Hourly differences in air
pollution and risk of respiratory disease in the elderly: a time-
stratified case-crossover study,” Environmental Health, vol. 13,
article 67, 2014.

J. Lepeule, A. A. Litonjua, B. Coull et al., “Long-term effects
of traffic particles on lung function decline in the elderly;
American Journal of Respiratory and Critical Care Medicine, vol.
190, no. 5, pp. 542-548, 2014.

M. B. Rice, P. L. Ljungman, E. H. Wilker et al., “Short-term
exposure to air pollution and lung function in the Framingham
Heart Study,” American Journal of Respiratory and Critical Care
Medicine, vol. 188, no. 11, pp. 1351-1357, 2013.

M. Sidhu, K. Wieseler, T. R. Burdick, and D. W. W. Shaw,
“Bronchial artery embolization for hemoptysis,” Seminars in
Interventional Radiology, vol. 25, no. 3, pp. 310-318, 2008.

J. Ginsberg, M. H. Mohebbi, R. S. Patel, L. Brammer, M. S.
Smolinski, and L. Brilliant, “Detecting influenza epidemics
using search engine query data,” Nature, vol. 457, no. 7232, pp.
1012-1014, 2009.

A. M. Stolwijk, H. Straatman, and G. A. Zielhuis, “Studying
seasonality by using sine and cosine functions in regression
analysis,” Journal of Epidemiology and Community Health, vol.
53, no. 4, pp. 235-238, 1999.

R Core Team, R: A Language and Environment for Statistical
Computing, R Foundation for Statistical Computing, Vienna,
Austria, 2013, http://www.R-project.org/.

G.-H. Dong, P. Zhang, B. Sun et al., “Long-term exposure to
ambient air pollution and respiratory disease mortality in Shen-
yang, China: a 12-year population-based retrospective cohort
study;” Respiration, vol. 84, no. 5, pp. 360-368, 2012.

(19]

(20]

(21]

[22]

(23]

(24

(25]

[26]

(27]

R. D. Brook, S. Rajagopalan, C. A. Pope III et al., “Particulate
matter air pollution and cardiovascular disease: an update to
the scientific statement from the american heart association,”
Circulation, vol. 121, no. 21, pp. 2331-2378, 2010.

J. Heinrich, E. Thiering, P. Rzehak et al., “Long-term exposure
to NO, and PM,, and all-cause and cause-specific mortality in a
prospective cohort of women,” Occupational and Environmental
Medicine, vol. 70, no. 3, pp. 179-186, 2013.

A. Milojevic, P. Wilkinson, B. Armstrong, K. Bhaskaran, L.
Smeeth, and S. Hajat, “Short-term effects of air pollution on
a range of cardiovascular events in England and Wales: case-
crossover analysis of the MINAP database, hospital admissions
and mortality;” Heart, vol. 100, no. 14, pp. 1093-1098, 2014.

J. Lyons, S. H. Chotirmall, D. O’'Riordan, and B. Silke, “Air
quality impacts mortality in acute medical admissions,” QJM,
vol. 107, no. 5, pp. 347-353, 2014.

R. W. Atkinson, S. Kang, H. R. Anderson, 1. C. Mills, and H.
A. Walton, “Epidemiological time series studies of PM, ; and
daily mortality and hospital admissions: a systematic review and
meta-analysis,” Thorax, vol. 69, no. 7, pp. 660-665, 2014.

B. Stringer and L. Kobzik, “Environmental particulate-
mediated cytokine production in lung epithelial cells (A549):
role of preexisting inflammation and oxidant stress,” Journal
of Toxicology and Environmental Health A, vol. 55, no. 1, pp.
31-44,1998.

I. Rahman and W. MacNee, “Oxidative stress and regulation
of glutathione in lung inflammation,” European Respiratory
Journal, vol. 16, no. 3, pp. 534-554, 2000.

M. Alier, M. Felipe-Sotelo, I. Hernandez, and R. Tauler, “Vari-
ation patterns of nitric oxide in Catalonia during the period
from 2001 to 2006 using multivariate data analysis methods,”
Analytica Chimica Acta, vol. 642, no. 1-2, pp. 77-88, 2009.
WHO, Review of Evidence on Health Aspects of Air Pollution—
REVIHAAP, World Health Organisation, 2013, http://www
.euro.who.int/en/health-topics/environment-and-health/air-
quality/publications/2013/review-of-evidence-on-health-aspects-
of-air-pollution-revihaap-project-final-technical-report.
Project Centers for Disease Control and Prevention, “Exposure
to nitrogen dioxide in an indoor ice arena—New Hampshire,
2011, Morbidity and Mortality Weekly Report, vol. 61, no. 8, pp.
139-142, 2012.

E. S. Yim, E. R. Horn, A. Hegedus, and C. D. Tibbles, “Cough
and hemoptysis in athletes of an ice hockey team,” Journal of
Emergency Medicine, vol. 43, no. 1, pp. 107-110, 2012.



