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Abstract

Objectives: Ambient air pollution is related to adverse respiratory effects. Because of a popular habit of recreational physical activity, the effects of ex-
posure to increased levels of air pollution attract increasing attention. It remains unclear whether the allergy status has an impact on acute responses to
air pollution exposure during brief exercise in young adults. The aim of the study was to determine if acute respiratory responses to ambient air pollution
during physical exercise differ between young subjects with and without a history of upper respiratory allergy. Material and Methods: Overall, 41 young
males with (N = 15, 36.6%) and without allergy (N = 26, 63.4%) performed short moderate-intensive cycle-ergometer sessions in winter air pollution
exposure conditions. Associations were analyzed between environmental conditions and acute physiological changes in spirometry, fractioned exhaled
nitric oxide (FeNO) levels, blood pressure and pulse oximetry. Results: No associations between air pollution concentrations and changes in forced vital
capacity, forced expiratory volume in 1 s and the Tiffeneau index were found. In the subjects without allergy, the increased air pollution concentrations
recorded during exercise were associated with a post-exercise increase/a smaller decrease in FeNO (SO,: Spearman’s ¢ = 0.44, NOx: ¢ = 0.51, and par-
ticulate matter [PM] levels - PM, : 0 = 0.51, PM, . 0 = 0.52). This effect was not observed in the subjects with allergy. Conclusions: Upper-respiratory al-
lergy may be a modifying factor in human response to air pollution during exercise. Exposure to air pollution during brief moderate-intensive exercise did
not have any acute negative impact on respiratory and cardiovascular function in young males. However, in the case of FeNO, subclinical post-exercise
changes related to air pollution were observed in volunteers without allergy. Int J Occup Med Environ Health. 2020;33(5):649-60
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INTRODUCTION group of solid and liquid particles, transporting multiple

Epidemiological findings have shown that chronic expo-
sure to ambient air pollution is associated with more fre-
quent respiratory symptoms and impaired lung function,
although the magnitude of decline in airflow is small and
depends on the level of exposure [1,2]. The most convinc-
ing association was found in relation to particulate matter
(PM), a key indicator of air pollution, which is a complex

toxic substances [2,3]. Exposure to PM may induce and
maintain inflammatory processes in the airways, resulting
in respiratory function impairment [2].

Less is known about the short-term responses of lung
function to increased levels of particulate and gaseous
air pollution in healthy adults. Published reports focus
on the spirometric responses and show that exposure to

Funding: this study was supported by the Medical University of Silesia in Katowice (intramural grant No. KNW-1-154/K/9/0 entitled “Epidemiological assessment of
basic health problems in the population of Silesian Voivodship”, project manager: Prof. Jan E. Zejda).

Received: August 27, 2019. Accepted: May 10, 2020.

Corresponding author: Krzysztof Kocot, Medical University of Silesia in Katowice, Faculty of Medical Sciences in Katowice, Department of Epidemiology, Medykéw 18,

40-752 Katowice, Poland (e-mail: kjkocot@gmail.com).

Nofer Institute of Occupational Medicine, LddZ, Poland

649


http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
https://doi.org/10.13075/ijomeh.1896.01533

650

ORIGINAL PAPER K. Kocor

air pollution during exercise may result in a reduction of
forced vital capacity (FVC), forced expiratory volume in 1 s
(FEV,) and the FEV /FVC ratio or the Tiffeneau index
(FEV,%FVC) [4]. Another respiratory function marker
of interest is fractioned exhaled nitric oxide (FeNO). It is
considered to be a sensitive marker of eosinophilic airways
inflammation and has been used in a number of studies as-
sessing air pollution inflammatory impact [5].

The effects of exposure to increased levels of ambient air
pollution have recently attracted more attention because
of a popular habit of recreational physical activity. Such
outdoor activities as jogging or cycling increase the venti-
lation rate and may result in increased deposition of ambi-
ent air pollutants in the respiratory tract [4,6]. A number
of studies have indicated that air pollution may impair
exercise performance and reduce the positive effects of
physical activity on respiratory and cardiovascular func-
tion [7-9]. However, the results obtained in young adults
show that, with the increase in the physical activity level,
the negative physiological changes induced by air pollu-
tion can be lessened [10-12].

It cannot be excluded that the described distribution
of acute respiratory responses following physical exer-
cise reflects the range of ambient air pollution levels.
In Upper Silesia, Poland, the concentrations of particulate
and gaseous pollutants are high and during the heating
season they usually exceed the limit values. For example,
the mean PM, ; concentration in winter 2017 in Katowice
was 45 pg/m? (the Polish annual limit value - 25 pg/m’,
the WHO guideline - 10 pg/m®) [13,14]. This is why the
author conducted a study on acute respiratory responses
to air pollution during controlled physical exercise in
young male subjects. All the subjects were volunteers
without chronic respiratory, circulatory, metabolic or mus-
culoskeletal diseases. However, the study group included
subjects who had a history of upper respiratory allergy —
allergic rhinitis and/or conjunctivitis without current med-
ication or symptoms during the study period. Results ob-
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tained in those subjects provided an opportunity to assess
a potential effect of allergy on the respiratory responses to
a short-term physical exercise, performed under exposure
to high levels of ambient air pollution.

The objective of the study was to determine if acute re-
spiratory responses to ambient air pollution during physi-
cal exercise would differ between young subjects with and
without a history of upper respiratory allergy.

MATERIAL AND METHODS

Study area

The study was conducted in November 2018-March 2019
in Katowice. Katowice is a centre of the Silesian Agglom-
eration, a highly populated area in the south of Poland,
where air pollution is still a current health problem.
In 2017, the average annual level of PM, was 52 ug/m* and
the Polish 24-h average limit value (40 ug/m?) was exceed-
ed on 102 days [14].

Participants

The study participants were recruited from students of
the Medical University of Silesia. Eligible volunteers were
healthy male adults, aged 18-30 years. The exclusion cri-
teria included chronic respiratory (e.g., asthma), circula-
tory, metabolic and musculoskeletal diseases, but not aller-
gic rhinitis or conjunctivitis (declared in the qualification
questionnaire). Other exclusion criteria were current infec-
tions, the presence of respiratory symptoms or anti-allergic
medication use up to 2 weeks prior to the study.

Study design

For the purpose of the study, each participant had to visit
the Department of Epidemiology of the Medical Univer-
sity of Silesia, where the study was conducted. During
the visit, the participants filled out a qualification ques-
tionnaire designed to assess their health, physical activity
and lifestyle habits. If the inclusion criteria were met, they
were measured and weighed, and the baseline measure-
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ments of blood pressure, pulse oximetry, spirometry and
FeNO were collected. Each subject performed a steady-
state submaximal exercise on a cycle ergometer for 15 min.
Directly after the exercise, the author repeated the mea-
surements of blood pressure, pulse oximetry, spirometry
and FeNO. All these measurements were taken in a room
with controlled room temperature and closed windows.
The participants exercised in a separate room, where
the heating was turned off and windows were opened, in
order to provide outdoor exposure conditions. Actually,
because of the very close location of the ergometer to
the open window, the subjects inhaled outdoor air.

Environmental monitoring

For the purpose of exposure monitoring, the author re-
corded several air pollution and weather parameters.
During the exercise, the temperature and humidity were
controlled in the cycle ergometer room. In the same place,
during exercise time, the concentration of PM with the di-
ameter of <10 ug (PM, ) was monitored using TSI Side-
Pak AMS520 equipment. Additional data on air pollutant
levels (PM, ,
were collected from the Inspectorate of Environmental

SO,,NO ) reflected area concentrations and

Protection station located 4 km away from the place of
the study. These data were also used to calculate longer
lags of exposure: 3 h and 24 h prior to the study period.

Health measurements

Health measurements were taken in 2 sessions: before the exer-
cise (measurement 1 —baseline) and directly after the exercise
(measurement 2 — post-exercise), always in the same order:
blood pressure alongside with pulse oximetry, spirometry
and FeNO measurements. Blood pressure was measured
in a sitting position with the automatic OMRON M2 Basic
device (OMRON Healthcare, Hoofddorp, the Netherlands),
with the cuff on the right arm. Each time, 3 measurements
were taken and their average value was recorded. Spirometry
was performed according to the guidelines of the European

Respiratory Society (ERS) and the American Thoracic Soci-
ety (ATS) with an EasyOne spirometer (NDD, Zurich, Swit-
zerland). The participants repeated maneuvers until they
met the ERS/ATS acceptability and repeatability criteria (at
least 3 acceptable maneuvers, the best 2 values of FEV, and
FVC within 150 ml or 5% of each other) or the maximum
number of maneuvers (8) was achieved. If the criteria were
not met, such spirometry was not taken into consideration in
the statistical analysis. Results of spirometry were expressed
in absolute terms and in percent of predicted values (%PV).
Predicted values were given according to ERS'93 equations,
and FeNO was measured with a portable NIOX Mino device
(Aerocrine AB, Solna, Sweden) according to the ATS/ERS
standardized procedures during steady 10-s expiration after
maximal inhalation.

Exercise

The participants exercised after the completion of base-
line measurements, with the use of a cycle ergometer, in
a room that provided outdoor conditions, as mentioned
above. In order to standardize the level of exertion for all
participants, the heart rate of each volunteer was controlled
during exercise. The ergometer power (initially 60 W)
was increased in order to reach the heart rate of 270%
of the volunteer’s maximum heart rate, calculated using
the following equation:

HR =220-age 1)

within the first 3 min. The exercise was then continued
up to 15 min. Immediately after the end of the exercise,
the participants moved to the health measurement room
for post-exercise measurements.

Ethics

The study protocol was accepted by the Ethics Commit-
tee of the Medical University of Silesia in Katowice. Each
participant gave his informed consent before the study.
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Statistical analysis

Data were analyzed with Statistica 13 and SAS 9.4 soft-
ware. Categorical variables were presented as propor-
tions, and for continuous variables the average value,
standard deviation and min./max values were calculated.
Normality of distribution was assessed using the Shap-
iro-Wilk test. The difference between baseline (before
exercise) and post-exercise measurements of physiologic
variables was calculated as the relative difference, ac-
cording to the formula:

post-exercise — baseline

®)

baseline

therefore, the relative difference >0 means post-exercise
increase and <0 post-exercise decrease. Comparisons of
dependent variables were done with paired Student’s t-test
and the Wilcoxon test, for parametric and non-paramet-
ric variables, respectively, while for comparisons of inde-
pendent variables Student’s t-test or the Mann-Whitney
U test was used. Qualitative variables were compared be-
tween the groups with Pearson’s ¢ test or the Fisher test.
The correlation analysis was done using Spearman’s rank-
order correlation. The statistical significance was based on
the criterion of p < (.05.

RESULTS

Study group characteristics

In November 2018-March 2019, 41 young male volunteers
were examined. The group included 15 (36.6 %) men with,
and 26 (63.4 %) men without, allergy. The subjects were
aged 18-27 years (Me: 23.0+2.2 years), and their body mass
index ranged 17.8-32.6 kg/m* (Me: 23.7£3.1 kg/m?). Table 1
shows anthropometric variables and Table 2 the results of
environmental measurements recorded during the study
period and calculated as the arithmetic mean, the median
and the range of all measurements obtained during all exer-
cise sessions, according to the allergy status of the subjects.
The differences in exercising patterns between the volun-
teers with and without allergy were not statistically signifi-
cant. However, it is worth to notice that most of the partic-
ipants with allergy declared that their condition was good
or very good, and avoided exercising outdoors when air
quality was bad. Additional information on exercise be-
haviors is shown in Table 3.

According to the anthropometric variables, there were no
differences between the 2 groups. The comparison of air
quality measurements obtained during exercise sessions of
the subjects without allergy with respective measurements
obtained during exercise sessions of the subjects with al-
lergy showed that there were no significant differences in

Table 1. Anthropometric variables of young male volunteers aged 18-30 years, taking part in the study on acute respiratory
responses to ambient air pollution during physical exercise, Katowice, Poland, November 2018-March 2019

Participants
(N=41)
Variable without allergy with allergy p*
(N =26) (N=15)
M=SD Me min.—max M=SD Me min.—max
Age [years] 229+1.6 23.0 19.0-26.0 23.0£3.0 240 18.0-27.0 0.9
Height [cm)] 179.8+4.6 179.5 171.0-189.0 181.1£6.9 179.0 173.0-197.0 0.4
Body mass [kg] 76.5+10.4 76.5 54.6-99.0 79.5+13.7 80.0 58.0-100.0 0.4
BMI [kg/m?| 23.7+31 237 17.8-31.0 24.2+40 240 18.0-32.6 0.6

* Results of Student’s t-test/Mann-Whitney U test.
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Table 2. Results of air quality measurements obtained during exercise sessions by young male volunteers aged 18-30 years, taking part

in the study on acute respiratory responses to ambient air pollution during physical exercise, Katowice, Poland, November 2018-March 2019

Air quality measurements

participants without allergy

participants with allergy

Variable (N = 26) (N = 15) p
M=SD Me min.—max M=SD Me min.—max
Temperature [°C] 0.7£5.0 1.0 -6.0-8.0 -0.3+3.7 0.0 -6.0-6.0 0.6
Relative humidity [ %] ~ 71.5%15.4 715 39.0-94.0 76.3+8.2 76.0 66.0-91.0 0.5
Wind speed [m/s] 3.2+18 3.0 1.0-6.5 3.0+1.1 3.0 1.5-5.0 0.9
SO, [ug/m’] 21.9+22.1 11.7 5.3-85.8 20.2x11.6 17.6 4.9-41.7 0.4
NO_ [ug/m’] 88.4+87.4 48.0 20.0-346.0 105.7£93.4 98.0 34.0-421.0 0.1
PM, [ug/m’] 121.9+138.8 60.7 5.0-635.5 150.2+101.2 127.3 20.4-387.0 0.2
PM, ; [ug/m’] 53.6+41.2 385 12.0-150.0 63.4+38.0 54.0 18.0-157.0 0.3

* Results of Student’s t-test/Mann-Whitney U test.

Table 3. Exercise behaviors of the allergic and non-allergic groups of young male volunteers aged 18-30 years, taking part in the study
on acute respiratory responses to ambient air pollution during physical exercise, Katowice, Poland, November 2018-March 2019

Participants
(N =41)
Variable [n (%)] p*
without allergy with allergy
(N =26) (N=15)
Exercise time at least 1 h/day 12 (46.2) 8(53.3) 0.6
Self-perceived condition: good or very good 13 (50.0) 12 (80.0) 0.06
Outdoor exercise during winter season 5(19.2) 3(20.0) 0.6
Avoiding outdoor exercise when air quality is poor 13 (50.0) 10 (66.7) 0.3

* Results of Pearson’s 2 test/Fisher test.

environmental conditions. Although on the study days,
some showed low levels of air pollution, the average con-
centrations of SO,, PM and PM, ; exceeded the current
WHO air quality guidelines reference values. The PM, |
concentrations of >50 ug/m?, as recommended by WHO,
were recorded during 31 sessions (75.6%).

All baseline lung function measurements were
within the normal values - FVC: 102.9+7.8 %PV
vs. 99.1+89 %PV, FEV: 103.4x108 %PV vs.
100.9£6.1 %PV, and FEV %FVC: 102.4£8.0 %PV vs.

103.9£5.9 %PV in the subjects without and with allergy,
respectively. Table 4 shows the results of baseline and
post-exercise physiological measurements obtained in
the subjects divided according to the allergy status. Com-
parisons of the results of the 2 groups did not show statisti-
cally significant differences. However, a generally greater
decrease in terms of spirometry parameters, apart from
FVC, and smaller in the case of FeNO, could be noted in
the volunteers with a history of allergy. Several differences
were noted when comparing the results of baseline with
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Table 4. Results of baseline and post-exercise measurements obtained in young male volunteers aged 18-30 years, taking part
in the study on acute respiratory responses to ambient air pollution during physical exercise, Katowice, Poland,

November 2018-March 2019

Participants without allergy

Participants with allergy

(N =26) (N=15)
Variable relative relative
baseline  post-exercise  difference , baseline  post-exercise  difference ,
(MSD)  (M%SD) A% P (MSD)  (M%SD) [A%] P
(M=SD) (M=SD)

FVC]] 551044 551049  -0.13+375 0.8 536x0.56  5.40+0.50 0.83+4.31 0.7
FEV [1] 4.66+0.52 4.65+0.52 -0.33+2.79 0.5 4.59+0.38 4.54+0.42 -0.99£5.85 0.4
FEV %FVC[ %] 84.71+6.67 8456+6.95  -0.13+x3.09 0.8 85.90£4.85 8435%6.12  -1.84x3.07  0.04
PEF [I/s] 10.00+1.77  9.88x=1.58 0.05+8.23 0.7 9.88+1.25 9.78+1.00  -0.61x838 0.6
MEF[I/5]

MEEF. 8.76x1.67  848x1.61  -1.78x6.16 0.1 877110  820x142  -6.76x9.41  0.01

MEF,, 592162  576x1.62  -240x837 0.1 597130  556x1.04  -5.41=14.00 0.08

MEF,; 2.69£0.80  2.60x0.88 -3.44x1414 02 267076 255095  -523x1740 03

MEF, 495118 485119  -225x5.15  0.03 510£1.00 481119  -6.14x9.53  0.03
FeNO [ppb] 2791£921 2609828 -5.40x13.58  0.04 33.67£2335 32.13%20.15 -1.60+10.37 0.7
BP [mm Hg]

SBP 120.73+£8.84 131.20+9.18  9.10£9.75 <0.001  124.09%7.32 13444+820 847%549 <0.001

DBP 6891588  70.92+6.55  3.28+9.49 0.1 69.22+6.03  74.02+445  7.36*+6.88  0.001
HR [bpm] 77.12%10.68 102.63+14.63 24.35+8.80 <0.001 74371135 97.07+13.95 22.90+9.99 <0.001
SpO, [ %] 97.65£1.06  96.77£0.99  -0.90+1.12  0.001 97.93£1.16  96.73£0.80  -1.21x144  0.01

DBP - diastolic blood pressure; FeNO - fractioned exhaled nitric oxide; FEV, - forced expiratory volume in 1's; FEV %FVC - Tiffeneau index;

FVC - forced vital capacity; HR — heart rate; MEF

25-75

- maximal expiratory flow between 25% and 75% of FVC; MEF

155005 ~ Maximal expiratory

flow at 75/50/25% of FVC; PEF - peek expiratory flow; SBP - systolic blood pressure; SpO, - oxygen saturation.

* Result of paired Student’s t-test/Wilcoxon test.

post-exercise measurements within the groups. Only in
the allergic group, the FEV %FVC index was significantly
lower after exercise than at baseline. In contrast, FeNO
after exercise was significantly lower than at baseline only
in the non-allergic group.

The analysis of the correlations between environmental
parameters recorded at the time of the study and post-ex-
ercise changes in physiological parameters showed further
differences between the groups. Only in the non-allergic
group, the correlations between changes in the maximal
expiratory flow at 75%, FeNO, diastolic blood pressure
and environmental conditions were statistically significant.

[JOMEH 2020;33(5)

In the case of FeNO, strong positive correlations with air
humidity, PM and NOx concentrations, and a negative cor-
relation with wind speed, were observed only in the non-
allergic group. The analysis for longer lags of exposure
(3-h and 24-h moving averages) showed no significant
correlations (data not shown). A single observation with
particularly high baseline and post-exercise FeNO levels
caused a high standard deviation of FeNO values in the al-
lergic group (Table 4). However, the results remained
unaffected when this observation was excluded (data not
shown). A complete correlation analysis in the allergic and
non-allergic groups is presented in Table 5.
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Table 5. Correlations of relative differences (“post-exercise” — “baseline”/“baseline”) in physiological parameters
with air pollutants and weather conditions recorded at the time of the study on acute respiratory responses
to ambient air pollution during physical exercise, Katowice, Poland, November 2018-March 2019

Correlation
Parameter weather conditions air pollutants
temperature hrjllr?lt(li‘;fy wind speed SO, NO, PM,, PM,
AFVC
N
R -0.13 0.10 -0.35 0.30 0.13 0.19 0.25
p 0.5 0.6 0.1 0.1 0.5 0.3 0.2
A
R 0.05 0.09 -0.37 0.14 0.20 0.32 0.15
p 0.8 0.7 0.1 0.6 0.4 0.2 0.6
AFEV,
N
R -0.08 0.11 -0.23 0.10 0.15 0.19 0.09
p 0.7 0.6 0.2 0.6 0.4 0.3 0.6
A
R -0.10 -0.06 0.18 0.13 0.26 0.24 0.16
p 0.7 0.8 0.05 0.6 0.3 0.4 0.5
AFEV /FVC
N
R -0.03 -0.01 0.20 -0.26 -0.04 -0.15 -0.21
p 0.8 0.9 0.3 0.2 0.8 0.4 0.3
A
R 0.05 -0.40 0.07 -0.07 0.02 0.00 -0.04
p 0.8 0.1 0.8 0.8 0.9 0.9 0.9
APEF
N
R 0.30 -0.19 -0.13 -0.19 0.06 -0.11 -0.14
p 0.1 0.3 0.5 0.3 0.7 0.6 0.5
A
R 0.09 0.30 0.08 0.14 0.26 0.16 0.09
p 0.7 0.2 0.7 0.6 0.3 0.5 0.7
AMEF
N
R -0.39 0.56 0.05 0.37 0.44 0.42 0.43
p 0.06 0.004 0.8 0.07 0.03 0.04 0.04
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Table 5. Correlations of relative differences (“post-exercise” — “baseline”/“baseline”) in physiological parameters
with air pollutants and weather conditions recorded at the time of the study on acute respiratory responses
to ambient air pollution during physical exercise, Katowice, Poland, November 2018-March 2019 - cont.

Correlation
Parameter weather conditions air pollutants
temperature hrjllr?lt(li‘;fy wind speed SO, NO, PM,, PM,
AMEEF, - cont.
A
R 0.05 0.08 0.13 0.28 0.15 0.10 0.17
p 0.8 0.7 0.6 0.3 0.5 0.7 0.5
AMEF,,
N
R -0.21 0.12 0.06 0.20 0.30 0.37 0.26
p 0.3 0.5 0.7 03 0.1 0.08 0.2
A
R 0.23 -0.36 -0.42 0.01 -0.06 0.19 0.00
p 0.4 0.1 0.1 0.9 0.8 0.4 0.9
AMEF,;
N
R -0.26 0.21 -0.23 0.12 0.23 0.22 0.08
p 0.2 0.3 0.2 0.5 0.2 0.3 0.7
A
R -0.10 -0.41 -0.08 -0.04 0.08 0.04 0.00
p 0.7 0.1 0.7 0.8 0.7 0.8 0.9
AMEF,; ;5
N
R -0.22 0.18 0.01 0.01 0.22 0.14 0.07
p 0.3 0.4 0.9 0.9 0.3 0.5 0.7
A
R 0.14 -0.37 -0.11 -0.01 0.13 0.11 0.04
p 0.6 0.1 0.7 0.9 0.6 0.6 0.8
AFeNO
N
R -0.20 0.57 -0.50 0.44 0.51 0.51 0.52
p 0.3 0.01 0.02 0.04 0.02 0.01 0.01
A
R -0.31 0.17 -0.36 -0.08 0.06 0.13 -0.01
p 0.2 0.5 0.1 0.7 0.8 0.6 0.9

656 [JOMEH 2020;33(5)
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Table 5. Correlations of relative differences (“post-exercise” — “baseline”/“baseline”) in physiological parameters
with air pollutants and weather conditions recorded at the time of the study on acute respiratory responses
to ambient air pollution during physical exercise, Katowice, Poland, November 2018-March 2019 - cont.

Correlation
Parameter weather conditions air pollutants
temperature hrlilr?ltgiy wind speed SO, NO, PM,, PM,
ASBP
N
R 0.13 -0.17 0.00 -0.02 0.05 0.18 -0.08
p 0.5 0.4 0.9 0.9 0.8 0.3 0.7
A
R -0.46 0.10 -0.31 0.36 0.39 0.28 0.38
p 0.08 0.7 0.2 0.1 0.1 0.3 0.1
ADBP
N
R -0.13 0.32 -0.42 0.31 0.39 0.38 0.33
p 0.5 0.1 0.03 0.1 0.04 0.06 0.1
A
R 0.10 0.24 0.16 0.17 0.05 0.14 0.16
p 0.7 0.3 0.5 0.5 0.8 0.6 0.5
ASpO,
N
R 0.06 -0.33 -0.05 -0.08 -0.34 -0.19 -0.09
p 0.7 0.1 0.8 0.6 0.09 0.3 0.6
A
R 0.10 -0.08 0.20 -0.29 -0.21 -0.36 -0.24
p 0.7 0.7 0.4 0.2 0.4 0.1 0.3

Abbreviations as in Table 4.
A - allergic group; N - non-allergic group.
R - Spearman’s rank correlation coefficient.

DISCUSSION

In this experimental study, exposure to air pollution
during brief aerobic exercise was not associated with any
statistically significant acute respiratory and cardiovascu-
lar responses, except for a change in FeNO found only in
the subjects without upper respiratory allergy. In the aller-
gic volunteers, FeNO changes did not seem to be related
to any of the recorded environmental parameters.

Exhaled nitric oxide has been used so far in a number of
studies assessing air pollution inflammatory impact [5].
Among the mechanisms in which air pollution, especially
PM, may increase the exhaled nitric oxide level, epigen-
etic changes are most often mentioned [15]. Exposure to
PM leads to a decrease in the methylation of the inducible
nitric oxide synthase (iNOS) gene promoter. This results
in the increased synthesis of nitric oxide by airways epithe-
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lial cells [15,16]. Such a mechanism could not fully explain
the correlation observed in this study, as longer lags of
time are required for such changes to develop. In the study
cited above, the strongest effect of PM,, on DNA meth-
ylation and FeNO levels was found during first 6 h after
exposure [15,16]. Nevertheless, the inhalation of PM may
trigger other mechanisms, such as oxidative stress [1,2],
eventually resulting in the induction of iNOS [17].

The impact of air pollution on FeNO increase has been
shown in many studies [1,5]. However, it is more difficult
to define the short-term interactions between physical ac-
tivity and air pollution on FeNO levels. Increased FeNO
levels were observed, e.g., directly after 5-h exposure peri-
ods with 20 min/h of exercise in a group of healthy young
adults [18]. Similarly, Kubesch et al. [12] found a positive
association between increased traffic-related air pollution
concentrations and increased FeNO levels, both at rest
and after exercise. In contrast, a recent study by Wagner
and Clark [19] did not show any dose-response relation-
ships for PM, ; and FeNO in young healthy adults when
exercising outdoors.

Inconsistent outcomes of different studies may be
partly a result of different exposure levels. In the afore-
mentioned study, the PM,, concentrations ranged
2.1-17.7 ug/m®. This study, which shows an association
between PM, . and post-exercise change in FeNO in vol-
unteers without allergy, took place in the conditions of
substantially higher air pollutants levels. Those differ-
ences in airways response to different levels of exposure
support the estimates by Pasqua et al. [20]. Those authors
assessed the pollutant dose accumulated during aerobic
exercise in 10 cleanest and 10 dirtiest cities in the WHO
database, and its predicted impact on all-cause mortal-
ity. According to their results, after 15 min of exercise
in the dirtiest cities, no more benefits of physical activ-
ity would be observed due to air pollution health risks.
In the cleanest cities, after 90 min of exercise, training
would still be beneficial.
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The major finding in this study was that the association
between air pollutant concentrations and the FeNO
change after exercise was observed only in non-allergic
individuals. To the best of the author’s knowledge, this
is the first study that shows different FeNO responses to
air pollution directly after exercise in people with and
without allergy. However, this difference is supported
by other studies, which did not refer to physical exercise
or concerned a longer physical activity pattern. In a New
York-based asthma case-control study, Cornell et al. [21]
observed that black carbon (BC) concentration was as-
sociated with FeNO only among non-seroatopic chil-
dren. In atopic children, FeNO was strongly associated
with dust-mite exposure. Those authors hypothesized
that the allergic component of FeNO production may
outweigh a milder air pollution impact. Lovinsky-Desir
et al. [22] measured physical activity of children and their
exposure to BC during a week. They observed a posi-
tive impact of physical activity on airways inflammation
in children with low BC exposure. However, the positive
effect of physical activity on FeNO was not observed in
children suffering from asthma and in those being allergic
to cockroach allergens.

In this study, no associations were observed between air
pollution exposure during exercise and a decrease in spi-
rometry parameters (especially FEV , FVC, FEV %FVC).
In contrast, such observation was made by Matt et al. [23].
However, in that case, the exercise lasted longer than in
this study. Wagner and Clark [19] who examined direct
post-exercise respiratory responses to brief exercise also
did not observe any significant changes in FVC and FEV .
The strength of this study is the standardization of physi-
cal exercise. Another advantage is the fact that it was con-
ducted in real-time winter exposure conditions. To the best
of the author’s knowledge, this is the first such study in
Poland. Previous research on human responses to air pol-
lution exposure during physical exercise was mainly con-
ducted in countries with lower air pollution levels. Data
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from different regions, with varying air pollution types, are
needed in order to fully explain this topic.

There are several limitations of this study. Mainly, it only
consists of a single trial of the study group. Although
the environmental conditions during exercise of the aller-
gic and non-allergic groups were not different, and the ex-
ercise was standardized, conducting a series of tests in
each subject, under various air pollution conditions, would
provide more evidence regarding the exposure-effect asso-
ciation. Moreover, the study groups were relatively small.
However, the published evidence is based on the results
obtained in groups of similar sizes [7,9,12,19,23]. It is also
possible that, within the allergic group, there were subjects
with underdiagnosed asthma. It cannot be excluded that
another factor which could affect the results was a rela-
tively short duration of physical exercise. Such a suspicion
deserves verification using a specific study protocol.

CONCLUSIONS

The main finding of this study is that the presence of
upper-respiratory allergy may be a modifying factor in
human response to air pollution during exercise. Exposure
to air pollution during brief moderate-intensive exercise
did not have any acute negative impact on respiratory and
cardiovascular function in young healthy males. However,
subclinical post-exercise changes in FeNO were observed.
These changes were related to air pollution exposure only
in people without allergy.
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