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Abstract

Introduction: Peak expiratory flow (PEF), a measure of lung function, was
first described by Hadorn in 1942. The definition of PEF, written by the Eu-
ropean Respiratory Society, states that it is the maximum flow achieved
during the expiration phase, delivered with maximal force, starting from
the maximum level of lung inflation. The aim of this study was to evaluate
the variations of PEF associated with height, age, body surface area, place
of residence and environmental factors among healthy adults in an urban
setting in Poland.

Material and methods: The study comprised 88 healthy, non-smoking sub-
jects: 30 females and 58 males, aged 20-80 years. Epidemiological and de-
mographic data were collected from each participant, as well as information
on symptoms and the occurrence of lung diseases. Only healthy subjects
were selected for analysis. Participants completed spirometry testing; phys-
ical parameters were measured, and appropriate additional data obtained.
Results: Among the study group of 88 participants (30 females and 58 males),
peak expiratory flow rate was negatively correlated with age (p = 0.000001),
and positively correlated with height and body surface area (both p < 0.000001).
There was a significant negative correlation between PEF and longitudinal
environmental factors such as different particulate matter levels (p = 0.0007)
present at the place of residence.

Conclusions: Peak expiratory flow changes are present in a healthy adult
population. Place of residence and environmental factors influence the re-
sults of spirometry tests.
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Introduction

Spirometry testing is an important tool to aid the diagnosing and
monitoring of respiratory diseases. It can assist in obtaining crucial in-
formation on the small and large airways, the parenchyma, as well as on
pulmonary capillary bearing, its size and integrity. Pulmonary function
tests (PFTs) are used to assess lung function. The main assumption of
forceful expiration is clearly explained to each participant who performs
an inspiration, which is required to acquire maximum lung volume; the
participants then quickly and forcefully exhale to remove as much air
from the lungs as possible [1, 2].

Corresponding author:
Maciej R. Sktadanowski MD
Department

of Psychiatric Nursing
Medical University

of Lublin

18 Szkolna St

20-124 Lublin, Poland
Phone: +48 693 331 020
E-mail: macsklad@wp.pl

CIVILIZATION DISEASES AMS



mailto:macsklad@wp.pl

Maciej R. Sktadanowski, Pawet Jarosz, Barbara Mackiewicz

Peak expiratory flow rate (PEFR), which is
a measure of lung function, was first described
by Hadorn in 1942 and then accepted in 1949 as
a parameter of spirometry [3]. The definition of
PEFR written by the European Respiratory Society
concludes that it is the maximum flow achieved
during the expiration phase, delivered with max-
imal force, starting from the lung inflation lev-
el at its maximum. This occurs at approximately
100 ms from the start of a forced expiration and
then peaks for 10 ms. It is commonly used to mon-
itor the progress of the disease and outcome of the
treatment applied [4, 5]. In the elderly, correlations
are also found between peak expiratory flow (PEF)
and different measures of physical and cognitive
function [6]. The PEFR has also been known to pre-
dict the survival of older adults in selected popula-
tions [7-9] or participants with diabetes [10].

Peak expiratory flow is related to such factors
as age, weight, height, race, and gender [11-13],
and is also affected by altitude [14, 15], exercises
[16, 17], parental smoking [18], the seasons and
viral infections [19]. The purpose of this study was
to evaluate the variations of PEF associated with
such different factors as height, age, body surface
area (BSA), place of residence and environmental
factors among healthy adults in an urban setting.

Material and methods

The study comprised 88 healthy, non-smoking
subjects, 30 females and 58 males, aged 20-80
years, resident in the Kuyavia-Pomeranian and Lu-
blin districts of Poland, who participated in free
screening tests in 2013-2015. Epidemiological
and demographic data were collected from each
participant, as well as information on symptoms
and the occurrence of lung diseases. Exclusion cri-
teria were: use of substances which could affect
the respiratory system, chronic respiratory diseas-
es, symptoms that could indicate undiagnosed
pulmonary disease, and the occurrence of abso-
lute or relative contraindications for spirometry.
Participants completed spirometry tests; physical
parameters such as weight and height were mea-
sured; additional data were obtained as required.
All participants were Caucasians and written con-
sent for participation in the tests was given indi-
vidually by each participant. The approval of the
competent Bioethics Committee for conducting
the study was obtained.

Participants were told not to smoke, eat or exer-
cise for at least 2 h prior to the test, as well as not
to imbibe alcohol on the day of the test. Gender,
age, height and weight were obtained from each
participant. In addition, information about pulmo-
nary diseases, symptoms that might indicate an
undiagnosed illness (shortness of breath, chron-
ic cough and its character, swelling, presence of

sputum and its nature, change of appetite or body
weight in the last year), as well as information on
any comorbidities, was collected. Heart rate and
blood pressure were measured.

Spirometry tests were performed in accordance
with the recommendations of the European Respi-
ratory Society (ERS), the American Thoracic Soci-
ety (ATS) and the Polish Lung Disease Committee
(PTChP) [1, 2, 20]. First, each participant took
a few quiet breaths while seated in an upright
position, then performed a maximum inspiration,
followed by a slow, deep exhalation. In the next
phase of the study, each participant performed
a dynamic, forceful exhalation after a maximum
inspiration. According to the instructions of the
measuring apparatus and on a signal from the spi-
rometer, the participant performed an inspiration
after a forced expiration lasting at least for 6 s.
Individual breathing maneuvers were performed
to obtain at least three reproducible, technically
correct records, of which at least two forced expi-
ratory curves differed in forced vital capacity (FVC)
and forced expiratory volume (FEV)) of less than
150 ml[21, 22]. The spirometer also controlled the
correctness of the test by checking the start of the
exhalation phase (time from the start of the ma-
noeuver to achieving peak flow (PEF) < 300 ms,
back-extrapolated volume of FVC < 5% or 100 ml),
and morphology of the respiratory curve. For fur-
ther analysis, the best criteria meeting the maneu-
vers were chosen, i.e. those obtaining the highest
scores. Reproducibility was evaluated with a five-
point scale A-F, although only A and B grade tests
were included in the analysis. Body surface area
was calculated according to the Du Bois formula
[23]: 0.007184 x weight®#?* x height®7?5.

Statistical analysis

For analysis of the data obtained, a number of
statistical methods were used due to the diversity
of variables taken into account (both qualitative
and quantitative), as well as the assumptions of
the statistical tests. In accordance with the princi-
ples of selection of statistical tests, in order to ver-
ify the normality of the quantitative variables, the
Kolmogorov-Smirnoy, Lilliefors and Shapiro-Wilk
tests were performed. Levene’s test was used to
examine the homogeneity of variance. Analyses
of variance (ANOVA), with appropriate post-hoc
Tukey tests, were used where available. To assess
the differences between the average values of k
independent samples, the Kruskal-Wallis non-
parametric test with appropriate post-hoc modifi-
cations was performed, if needed.

To evaluate the correlation between contin-
uous variables, Spearman’s R, Kendall's t and y
tests were used. For analysis of the significance
of differences between groups, compared to the
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qualitative characteristics of the study population,
Pearson’s %2, and for understanding the potential
strength of this relationship, Kendall’s T and coef-
ficient of contingency tests were applied.

Results

In the study group of 88 participants (30 fe-
males, 58 males), 42 were tested in the Kuya-
via-Pomeranian District and 46 in the Lublin Dis-
trict. Mean + standard deviation (SD) age was
49 +17.69 years, with the majority in the 20-30
age group, followed by the 60-70 age group;
mean height was 172 +10.62 cm, with the major-
ity in the 160-180 cm group; mean weight was
80+16.17 kg, the majority in the 80-90 kg group.
Mean BSA was 1.93 +0.23 m? mean PEFR was
7.56 £2.39 |/min.

A negative correlation between PEFR and age
(Spearman’s R — 0.494; y — 0.348; Kendall t -
0.345; p = 0.000001), as well as a positive cor-
relation between PEFR and height (Spearman’s R—
0.662; y — 0.500; Kendall T — 0.490; p < 0.000001)
was found, in line with expectations.

A positive correlation was found between PEFR
and BSA (Spearman’s R —0.593; y— 0.421; Kendall
t-0.421; p < 0.000001) (Figures 1-3).

There was also a major difference in spirome-
try test values between the populations studied in
the Kuyavia-Pomeranian and Lublin districts. The
population tested in the latter district had statis-
tically significantly lower PEF values than those
tested in the Kuyavia-Pomeranian District (p =
0.0007) (Figure 4).

In the Kuyavia-Pomeranian District, 24-hour
and hourly concentrations of air pollution were
obtained from a nearby air testing station. Unfor-
tunately, no air testing stations were available in
the proximity of the examination site in the Lublin
District. Therefore, data were obtained for both
districts from the General Inspectorate of Environ-
mental Protection for the proper time of examina-
tion. It appeared that during the test dates there
were differences concerning particulate matter
volumes (Table 1) [24, 25].

In the Lublin District, the amount of emitted
dust particles increased by about 2.7% compared
to the year 2014. At all measurement sites, the an-
nual average permissible concentrations of PM_,
i.e. 40 ug/m3, were met. It was found, however,
that the allowable limit for 24 h, i.e. 50 pg/m?,
was exceeded. This means that each station had
more than 35 days (up to 66 days) during which
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Figure 1. Peak expiratory flow (PEF) vs. age
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14

12

10

PEF
o)

1.4 1.6 1.8 2.0 2.2
BSA [m?]

Figure 3. Peak expiratory flow (PEF) vs. body surface

area (BSA)

2.4 2.6

9.5
9.0f -
8.5F -
80f |

W75t 1
70t |
6.51 ]
60F |

5.5

Lublin Kuyavia-Pomerania
District
Current effect: F(1, 86) = 12.379, p = 0.0007
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals

Figure 4. Peak expiratory flow (PEF) vs. districts
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Table I. Mean daily particulate matter concentrations measured by air test stations closest to examination sites

[24, 25]
Districts Daily PM, concentration Daily PM, ; concentration
Kuyavia-Pomerania First day Second day First day Second day
22.425 9.7 15.321 5.96

Lublin 81.229

65.375

Table Il. Zone classes for examined districts during spirometry tests (combined data from 2013 and 2015) [26, 27]

District SO, NO, PM,, Pb Ch, co o, As cd Ni BaP PM,
Lublin A A C A A A A A A A C C
Kuyavia- A A C A A A A A A A C A
Pomerania

A — zone class for pollutants with concentrations below permissible or target levels. C — zone class for pollutants with concentrations

exceeding permissible or target levels.

concentrations were above 50 pg/m3. The mean
concentrations for the year ranged from 29.2 to
36.4 pg/m?3, achieving a mean value of 32.6 pg/m?>.
The highest 24-hour concentration was 187 ug/m?.
High concentration values occurred during the
heating period in each year.

PM, . air pollution was assessed on the basis
of one criterion: the average concentration for the
year. The mean concentrations for the year in the
Lublin District ranged from 21.3-28.2 ug/m?* up to
141% of the target level of 20 ug/m?® and 112.8%
of the permissible level of 25 pg/m3. Values ex-
ceeding the permissible level were recorded at
more than half of the measurement stations. The
percentage of PM,, dust in PM_ varied from 70%
to 81% [26].

In the Kuyavia-Pomeranian District, for annual
mean concentrations, the PM,, dust content in
PM,, was 82.3%, as in the previous year. The annu-
al average for PM, dust was lower than in the pre-
vious year and was 17.6 pg/m?, which constituted
44.0% of the permissible level. A lower frequen-
cy of PM  exceeding the allowable limit for 24 h
(50 pg/m?®) was observed 7 times. The annual av-
erage for PM, . was 14.5 ug/m?, which was 58.0%
of the target volume. Maximum concentrations of
PM, , and PM,, were close to one another: PM |
recorded level — 78.7 ug/m? PM,, - 77.7 ug/m?
[27] (Table I1).

Discussion

The occurrence of a negative correlation be-
tween PEF values and age is consistent with previ-
ous reports [28, 29] and can be explained by the ri-
gidity of the chest wall increasing with age, as well
as by reduction of the elastic recoil of the lungs.
The outcome is a reduction of spirometry values.
Air trapping and hyperinflation lead to further in-
crease in functional residual capacity (FRC) and re-
sidual volume (RV) [30-33]; premature closing of

the distal alveoli takes place [32, 34]. With the in-
crease of RV, a reduction of the diaphragm curva-
ture occurs which, in turn, causes a diminution of
strength of this muscle and further deterioration
of airflow in the lungs. The efficiency of intercostal
muscles also decreases [30, 32, 35].

A positive correlation between PEF values
and height reflects the findings of different au-
thors [36—38]. This can probably be explained by
a greater chest size connected with greater lung
volume in taller subjects, as well as the size of
the airway passages or the increased expiratory
muscle effort, positively related to an increase in
participants’ height [39, 40]. A statistically signif-
icant, positive correlation between PEF and BSA
was found, which is consistent with the results of
other studies [37, 39].

The participants tested in the Kuyavia-Pomer-
anian District had statistically significantly high-
er values of PEF than those tested in the Lublin
District. According to the General Inspectorate
of Environmental Protection, emissions from low
emitters of combustion products from domestic
furnaces and local coal-fired boilers during the
heating season have a significant impact on air
quality in the Lublin District. The PM_ level has
a decisive influence on air quality. This is due main-
ly to the use of hard coal for heating purposes,
which results in an increase in the concentration
of dust in the cold season. It is also worth bearing
in mind that the share of PM,, dust in PM_  var-
ied from 70% to 81% [26, 41]; this is also in line
with the data from the Lublin District study time
— February. In the Kuyavia-Pomeranian District the
study was conducted in late June. The mean PM_
and PM, . volumes were substantially higher in the
Lublin District compared to the Kuyavia-Pomera-
nian District, including hourly, daily and yearly
means at the time of the study [26, 27, 41].

Regarding the influence of particulate matter
concentrations on PEF, van der Zee et al. found
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that participants with asthma were consider-
ably more susceptible to particulate air matter
[42]. This was in line with the work of Yamazaki
etal [43]. A decrease in spirometric values among
healthy women living in areas with increased
volumes of PM, was confirmed by Kumar et al
[44]. Similar results were observed in the Lesser
Poland region in a study undertaken by Mejza
et al, which concerned a random population of
that region, where coal or wood is used for heat-
ing and cooking [45].

In conclusion, PEF changes are also present in
the healthy adult population, and are negatively
correlated with age, and positively correlated with
height and BSA.

Places of residence and environmental factors
influence the results of spirometry testing, such
as PEF. Further analyses are needed for a better
understanding of the longitudinal environmental
factors’ influence on human health.
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