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Preface

The book series Neuroscience and Respiration presents contributions by
expert researchers and clinicians in medical research and clinical practice.
Particular attention is focused on pulmonary disorders as the respiratory tract
is at the first line of defense against pathogens and environmental toxic
sources. The articles provide timely overviews of contentious issues or recent
advances in the diagnosis, classification, and treatment of the entire range of
diseases and disorders, both acute and chronic. The texts are thought as a
merger of basic and clinical research dealing with biomedicine at both molec-
ular and functional levels and with the interactive relationship between respi-
ration and other neurobiological systems, such as cardiovascular function,
immunogenicity, endocrinology and humoral regulation, and the mind-to-
body connection. The authors focus on modern diagnostic techniques and
leading-edge therapeutic concepts, methodologies, and innovative treatments.
Neuromolecular and carcinogenetic aspects relating to gene polymorphism
and epigenesis as well as practical, data-driven options to manage patients
also are addressed.

Body functions, including lung ventilation and its regulation, are ulti-
mately driven by the brain. However, neuropsychological aspects of disorders
are still mostly a matter of conjecture. After decades of misunderstanding and
neglect, emotions have been rediscovered as a powerful modifier or even the
probable cause of various somatic disorders. Today, the link between stress
and health is undeniable. Scientists accept a powerful psychological connec-
tion that can directly affect our quality of life and health span.

Clinical advances stemming from molecular and biochemical research are
but possible if research findings are translated into diagnostic tools, therapeu-
tic procedures, and education, effectively reaching physicians and patients.
All this cannot be achieved without a multidisciplinary, collaborative, bench-
to-bedside approach involving both researchers and clinicians. The role of
science in shaping medical knowledge and transforming it into practical care
is undeniable.
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Concerning respiratory disorders, their societal and economic burden has
been on the rise worldwide, leading to disabilities and shortening of life-span.
Chronic obstructive pulmonary disease and sleep apnea syndrome are cases in
point. Concerted efforts are required to improve this situation, and part of
those efforts is gaining insights into the underlying mechanisms of disease and
staying abreast with the latest developments in diagnosis and treatment
regimens. It is hoped that the articles published in this series will assume a
leading position as a source of information on interdisciplinary medical
research advancements, addressing the needs of medical professionals and
allied health-care workers, and become a source of reference and inspiration
for future research ideas.

I would like to express my deep gratitude to Paul Roos, and Cynthia
Kroonen of Springer Nature NL for their genuine interest in making this
scientific endeavor come through and in the expert management of the
production of this novel book series.

Mieczyslaw Pokorski
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Spirometry: A Need for Periodic Updates
of National Reference Values

Andrzej Chciałowski and Tomasz Gólczewski

Abstract

The aim of the study was to assess the need for
changes in spirometry reference values in the
Polish population with time lapse, as the after-
effect of a radical socioeconomic overturn of
the 1990. We retrospectively analyzed data
files on forced expiratory volume in 1 s
(FEV1), vital capacity (VC), and forced VC
(FVC) in healthy, never-smoking Caucasians
(731 females and 327 males) obtained in in
1993–1998. We assessed a discrepancy
between the then measured values of these
variables, on the one side, and the
corresponding European Community for
Steel and Coal (ECSC) predicted values or
the current updated predicted values for the
Polish population, on the other side. We
found that those old measured values approxi-
mately corresponded to the ECSC reference,
but they were appreciably lower than the cur-
rent Polish reference values; the younger the
subjects the greater the difference. The current
Polish reference values of FVC were much
closer to the old measured VC than to the old

measured FVC values, which introduces a
substantial discrepancy between the past and
present FVCs. We conclude that the spirome-
try reference values may change with time
lapse. Thus, accuracy of prediction equations
should be periodically updated, which seems
to particularly concern the equations
elaborated for the nations that undergo rapid
economic developments connected with
changes in living standards.

Keywords

Forced expiration · Life expectancy · Lung
function · Polish population · Prediction
equations · Reference values · Socioeconomic
conditions · Spirometry

1 Introduction

The diagnosis of obstructive lung diseases is
founded on the comparison of spirometric
measurements with reference values calculated
for an individual by means of some prediction
equations. Forced expiratory volume in 1 s
(FEV1), forced vital capacity (FVC), and their
ratio (FEV1/FVC) belong to the most important
spirometric indices. To make a diagnosis these
variables are compared with norms calculated
for patient’s age and height by means of some
prediction equations. In the twentieth century, the
European Community for Steel and Coal (ECSC)
equations were the most often employed for
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Caucasian populations (Quanjer et al. 1993).
These equations, published in the final form in
1993, were based on the data collected for West-
ern populations in the 1960–70s. However,
almost all studies published since 1993 show
that the ECSC equations, are not entirely accu-
rate also for the present Polish population
(Gólczewski 2012). In particular, it is clear that
the plots of FEV1 against FVC lie far from those
created on the basis of the most current equations
(Gólczewski et al. 2012). Today, the Global Lung
Function equations (GLI) (Quanjer et al. 2012)
are suggested to be more appropriate in almost all
ethnic groups. Nevertheless, recent works show
some imperfections also in these equations
(Kainu et al. 2016; Backman et al. 2015; Pereira
et al. 2014; Ben Saad et al. 2013). Due to a
clinical significance of the prediction equations,
it seems warranted to study the underlying
reasons of their declining accuracy.

It has been shown that socioeconomic status
and living conditions of individuals may influ-
ence lung function (Rębacz-Maron et al. 2018;
Taylor-Robinson et al. 2014; Hegewald and
Crapo 2007; Choudhury et al. 1997). The
equations elaborated previously also could lose
the accuracy because of new guidelines for spi-
rometry or due to changes in biological status of
individuals related to alterations in lifestyle or
living conditions. Life expectancy at birth, a com-
monly used indicator of health state (Gulis 2000),
has to do with the political situation in a country,
which, to some extent, is a determinant of living
conditions (Mackenbach 2013). Radical political
changes in Eastern Europe about three decades
ago have led to rapid economic improvements,
which provides an opportunity to investigate the
influence of living conditions on lung function in
a national population, with other variables held
relatively constant. The reasons outlined above,
related to the passage of time and changing
conditions, were considered in this article. The
old fundamental ECSC equations have been most
known and are still in use inmany clinical settings,
despite the commonly accepted shortcomings.
Therefore, the specific aim of this study was to
compare FEV1 and FVC values measured in the
past in a sample of the Polish population with

predicted values using the old ECSC equations
(Quanjer et al. 1993), on the one side, and the
predicted values using the current Polish
(PL) equations elaborated by Lubiński and
Gólczewski (2010), on the other side. The study
question was whether the correspondence of old
measurements to the ECSC predicted values
would be akin to that of the current PL predicted
values. Any misalignment would be assumed to
speak for changes with time lapse.

2 Methods

This is a retrospective study based on the dataset
run by the Military Institute of Medicine in
Warsaw, Poland, which contains results of pul-
monary function tests conducted in a mobile lab-
oratory in 180 Polish cities, towns, and villages
during a 6-year long period from 1993 to 1998; a
part of the then nationwide study on the evalua-
tion of effects of smoking and air pollution on
lung function. The data reviewed concerned 3878
women and 3362 men and consisted of the fol-
lowing parameters: age, height, weight, pack-
years of smoking, exposure to air pollution, per-
centage of blood carboxyhemoglobin (HbCO %)
verifying both exposure to pollution and smok-
ing, and a history of respiratory symptoms such as
cough, sputum production, and physical exertion
tolerance. Subjects younger than 25 years of age,
smokers or those with HbCO% >6%, or any of
the symptoms outlined above were excluded from
the analysis. After the exclusions, the evaluation
was performed on the data of never-smoking
individuals, numbering 731 females and 327 males
(Table 1). Such a big gender difference stemmed
from the predominance of male smokers in the time
past. The evaluation was limited to themost essen-
tial spirometry variables of FEV1, FVC, and
VC. The evaluation was performed in three age
groups of 25–44, 45–59, and 60–80 years to take
into account differences in living conditions and
lifestyle possibly related to the conditions in
which a particular generation had grown up.

Data were presented as means �SD. The
Shapiro–Wilk test was used to assess the normal-
ity of data distribution. Statistical differences
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were assessed with one-sample t-test, with a null
hypothesis that the mean difference between the
value of a true test and the value for comparison
would be equal to zero. A p-value <0.05 defined
significant differences. The evaluation was
performed using a commercial Statistica v10
package (StatSoft Inc., Tulsa, OK).

3 Results

Demographic details and basic values of spirom-
etry variables in the population cohort under con-
sideration are shown in Table 1.

Differences between the old measured FEV1
and FVC, on the one side, and the old ECSC
predicted or the current PL predicted values, on
the other side, had approximately normal
distributions. The difference between the two
respective sets of values (each set ¼ measured
minus predicted value) is graphically visualized
in Fig. 1. This difference concerning FVC
amounted to the considerable 0.4 L. Further,
differences were comparable in magnitude in
both female and male subjects. No such
differences could be substantiated in case of
FEV1, although the tendency was alike. Nor
were there any appreciable differences concerning
VC values (graphical data not shown).

Table 2 summarizes the mean differences,
distributed by age, between the old measured
and predicted values according to the ECSC
equations versus the old measured and the current
PL equations. Graphical age-related differences
also are displayed in Fig. 2. Note that:

• FEV1 – there were no appreciable differences
between the old measured and ECSC predicted
values, whereas the old measured were signifi-
cantly lower than the current PL predicted
values; the younger the individuals the greater
the difference;

• FVC – pattern akin to that for FEV1, with
distinctly greater differences between the old
measured and the current PL predicted values;
particularly in case of younger age groups.

4 Discussion

Figure 2 shows that FVC and FEV1 values in
males were slightly underestimated by ECSC
equations in the upper range and overestimated
in the lower range of these variables. Irrespective
of whether the wrong estimations were due to
some inherent imperfections in ECSC equations
for males or by peculiar properties of exhibited by

Table 1 Characteristics of the cohort investigated

Females Males

Number of subjects in database (n)
Total 3878 3362
Excluded:
ever-smokers 1696 2335
with pathological symptoms 1317 521
with non-medical reasons 53 81
aged <25 years 81 98

Remained (n) 731 327
Age (years) 52 � 14 (25–85) 50 � 15 (25–87)
Height (cm) 162 � 6 (136–180) 174 � 7 (151–192)

Basic spirometry variables
FEV1 (L) 2.40 � 0.57 (0.77–4.80) 3.46 � 0.79 (1.40–5.60)
FVC (L) 2.82 � 0.65 (1.23–5.33) 4.16 � 0.92 (1.82–6.37)
VC (L) 3.06 � 0.67 (1.23–5.33) 4.46 � 0.93 (2.05�6.77)

Data are numbers or means �SD with min-max range in parentheses

Spirometry: A Need for Periodic Updates of National Reference Values 3



Polish men during the past years, the ECSC
equations for FEV1 and FVC were approximately
appropriate for the Polish population at the time,
since the then measured values did not

appreciably differ from predictions, except FVC
in older males (Table 2). Thus, a paradox
appeared that in the last decade of the twentieth
century:

Table 2 Mean differences, distributed by age, between
the old measured and predicted values of spirometry
variables using the old European Community for Steel

and Coal (ECSC) equations versus the old measured and
predicted values using the current equations for the Polish
population (PL)

Females Males

Age group (year) 25–44 45–59 60–80 25–44 45–59 60–80

n ¼ 226 n ¼ 244 n ¼ 261 (179) n ¼ 127 n ¼ 104 n ¼ 96 (69)

FEV1 (L)
ECSC 0.03 �0.04 �0.03 �0.02 �0.07 �0.10
PL �0.17� �0.10� �0.02 �0.31� �0.16� �0.01

FVC (L)
ECSC �0.02 �0.05 �0.05 �0.09 �0.23� �0.26�

PL �0.50� �0.43� �0.30� �0.73 �0.56� �0.36�

VC versus FVCa

PL �0.26� �0.19� �0.05 �0.41� �0.29� �0.04

FEV1 forced expired volume in 1 s, FVC forced vital capacity, VC vital capacity
�p < 0.05; ECSC data were limited to subjects younger than 71 years of age whose numbers are in parentheses
aFVC according to current PL data of Lubiński and Gólczewski (2010)

Fig. 1 Distribution of differences in forced expired vol-
ume in 1 s (FEV1) and forced vital capacity (FVC)
between the old measured and predicted values according
to the European Community for Steel and Coal equations

(ECSC) (Quanjer et al. 1993) and the old measured and
predicted values according to the current equations for the
Polish population (PL) (Lubiński and Gólczewski 2010)

4 A. Chciałowski and T. Gólczewski



• ECSC equations were grossly adequate for the
Polish Caucasian population despite that the
elaboration of those equations was neither
based nor took into account any of the Polish
lung function measurements;

• ECSC equations were inadequate for the west-
ern Caucasian populations despite that the
elaboration of those equations was based on
the lung function data derived from those
populations.

This paradox disappears if the physiological
status of a national population, quantified by
means of life expectancy at birth, is taken into
account (Fig. 3). The life expectancy of Polish
males in 1996 grossly corresponded to that of
Western European males in 1964–1974 (Socio-
Demographic Indicators 2018). Therefore:

• ECSC equations could be appropriate for the
Polish population in the 1990s because Poles
at that time physiologically corresponded to
Western populations at the time when Western
population data were tallied and elaborated for
the lung function prediction equations;

• ECSC equations could not be appropriate for
western populations in the 1990s and later
years due to continual socioeconomic devel-
opment of those populations.

The above reasoning is based on two
assumptions: (1) lung function has to do with
the physiological state of an individual, deter-
mined by living condition and (2) life expectancy
at birth is a good index of the physiological state
in relation to a whole nation. The first assumption
related to individual subjects has been
demonstrated, to some extent, in a number of
studies as outlined in the introduction. The sec-
ond assumption can also be accepted since life
expectancy is a commonly used index of health
status of a nation (Steel et al. 2018). These
assumptions can help explain the following
results:

• old measured values of lung function were
smaller than the ECSC predictions in older
individuals, particularly males, since life
expectancy at birth shortly after the World
War II was much lower in Poland than that in

Fig. 2 FVC and FEV1 in female and male subjects aged
over 25 years (162 cm and 170 cm of height, respectively)
according to the old European Community for Steel and
Coal (ECSC) equations (Quanjer et al. 1993) (red) and the

current equations for the Polish population (PL) (Lubiński
and Gólczewski 2010) (black). For comparison, the
interpolated mean old measured values for such subjects
also are shown (OMV, blue)

Spirometry: A Need for Periodic Updates of National Reference Values 5



Western Europe, which was due likely to the
traumatic war-related events and a country
destruction;

• large differences in younger subgroups of
individuals between the old measured values
of lung function and the current PL predicted
values for FEV1 (Fig. 2) might be due to
recent nationwide improvements in living
conditions. The lack of such differences in
the oldest individuals lend support for the
notion that living conditions have a role in
shaping lung function during the maturation
time (Rębacz-Maron et al. 2018).

• difference between the old measured values of
lung function and the current PL predicted
values were smaller in females (Table 2)
since they possibly were less sensitive to bad
living conditions during the maturation time
(Figs. 2 and 3).

Differences between the old measure values
and the current PL predicted values for FVC
were appreciably greater bigger than those for
FEV1, and thus they may be underlain by the
mechanisms other than just improved living
conditions of individuals. If the expiration during
lung testing is truly forced, FEV1 depends
entirely on the physiological properties of the
respiratory system linked to the airflow limitation.
FVC also depends on these properties, but

contains an additional key element which is the
duration of expiration. The current requirement
for the duration of forced expiratory time � 6 s
(Miller et al. 2005), which was not in place at the
time of creation of ECSC equations, is a likely
cause of the greater differences in FVC noticed.
When expiration is forcefully continued, a part of
the air that is trapped at low lung volumes
because of airflow limitation is slowly exhaled,
which makes the current FVCs greater than old
ones were. This seems supported by the fact that
the current FVC is much closer to the past VC
than to the past FVC. In all age groups,
differences between the current predicted and
measured FVC values were greater than those
between the predicted and measured VC; by
about 240 mL in females and 300 mL in males
(Table 2). In consequence, the shortcomings of
ECSC equations for FVC have to do not only
with the possible neglect of improvements in
living conditions, but also with the elongation of
forced expiration beyond the 6 s. As noted by
Hankinson et al. (2015), the past criterion for
the end of forced expiration, i.e., a drop in airflow
below 25 mL/s, is attained before the 6 s in
individuals younger than 38 years of age, which
might explain why the difference between the
current measured and predicted FVC values in
young subjects is much greater than that in older
individuals.
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The influence of socioeconomic status on lung
function has been previously demonstrated, but
the studies are cross-sectional and usually related
to specific population groups, having various edu-
cational, occupational, or economic criteria,
which are neither biological nor physiological.
Therefore, a causal relationship between socio-
economic status and lung function is uncertain,
as is also whether better status implies better lung
function or the other way around. Nor is the role
of other factors such as ethnicity or genotype,
which may variably influence both socioeco-
nomic status and lung function, well defined. In
contradistinction, the present study is a kind of
longitudinal study, concerning a whole ethnically
uniform national population. Since lung function
changes appeared in a rather short time of two
decades or so, any evolutionary alterations could
be hardly responsible either. Therefore, the
findings seem cognizant with the influence of
living conditions on lung function, particularly
affecting younger individuals.

A major limitation of this study is the use of a
rather old database; thereby some details related
to procedures and equipment employed used at
the time were different from the contemporary
standard. In addition, spirometry tests performed
before 2005 did not consider the forced expiration
maneuver lasting for �6 s, which is a currently
accepted standard according to the ATS/ERS
guidelines (Miller et al. 2005). This drawbacks
ought to be taken into account in the interpreta-
tion of the present findings. However, the old
database was collated on the basis of the then
valid ECSC predictions, which enables a verifi-
able integration and comparison with the data
presently obtained.

We conclude that differences in the spirometry
FEV1 test results taken between the past ECSC
and current Polish recommendations, particularly
evident in young male individuals, are caused, in
all likelihood, by improvements in socioeco-
nomic and living conditions during the last two
decades. The ECSC prediction equations were
adequate for the Polish population in the 1990s,
since at that time it corresponded to the Western
European population of 2–3 decades back in
terms of living conditions. Those equations

became inadequate for the Polish population in
the twenty-first century due to rapid socioeco-
nomic improvements, positively affecting
biophysiological status. It appears that the univer-
sal national norms for lung function may be
influenced by changing living standards and
thus they are hardly stable and require periodic
checks.
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Age at Menarche and Risk of Respiratory
Diseases

Martyna Zurawiecka and Iwona Wronka

Abstract

Several studies have suggested a relationship
between reproductive history and respiratory
health. The present study explores the associa-
tion between the age at menarche and the risk
of respiratory diseases during early adulthood.
The anthropometrical and questionnaire
research was conducted among 1323 female
university graduates. In a subsample of
152 non-allergic women spirometry tests
were additionally performed. We found that
the prevalence of allergic diseases, on average,
was slightly higher among females having
early menarche than in those with a later
onset of menstruation; the difference failed to
reach statistical significance. However, the risk
of allergic rhinitis was significantly related
with early menarche compared with average-
time, taken as a reference, or late menarche
(OR ¼ 1.61 vs. OR ¼ 1 (Ref.) vs.
OR ¼ 1.23, p ¼ 0.020). The difference
remained significant after adjusting for adipos-
ity (p ¼ 0.050) and socio-economic status
(p ¼ 0.001). There was no significant relation-
ship between the age at menarche and the
incidence of respiratory infections. We noticed
a tendency for increased spirometry variables
with increasing age at menarche. In

conclusion, early menarche is a risk factor for
allergic rhinitis in early adulthood.

Keywords

Age · Allergic rhinitis · Early menarche ·
Respiratory infection · Spirometry

1 Introduction

Menarche is the first menstrual bleeding and
represents the beginning of reproductive life. It
is a key developmental marker of a girl’s healthy
transition from childhood into young adulthood.
The age at menarche has been evolving for much
of the human history. Since the middle of the
twentieth century, the tendency for the puberty
to occur earlier in consecutive birth cohorts has
been observed in the majority of developed as
well as developing countries. Nowadays, more
and more girls experience their first menstruation
at a very young age, i.e., below 11 years (Adams
Hillard 2008). A number of studies have analyzed
the causes and results of this phenomenon (Bell
et al. 2018; Gill et al. 2017; Macsali et al. 2011).

The age at menarche reflects the interaction
between genotype and environment. Key external
factors reported as having an effect on the age at
menarche include the socio-economic status,
which can be used to an indirect determination
of the lifestyle and physical activity in childhood,
health in childhood, psychological aspects, and
the exposure to environmental pollutants
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(Karapanou and Papadimitriou 2010). Substances
present in the ambient air, food, and everyday
supplies, affecting the hormonal system, are of
notable importance (Fisher and Eugster 2014).

The age at menarche is considered a reliable
marker of sex hormones, as it is related not only
to the length of exposure to estrogens, but also to
their level. Early menarche females have a higher
level of estrogen and a lower one of serum hor-
mone binding globulin. Overall, they are exposed
to greater cumulative doses of estrogen and pro-
gesterone at adulthood than late menarche ones
(Apter et al. 1989). Long-term exposure to high
estrogen levels has an adverse impact on health.
Thus, early menarche facilitates the occurrence of
obesity, diabetes type 2, and it also affects cardio-
vascular function (Bell et al. 2018; He et al. 2010;
Aksglaede et al. 2009; Lakshman et al. 2009;
Remsberg et al. 2005). In addition, early menar-
che is a risk factor of breast cancer and ovarian
cancer (Gong et al. 2013).

Research over the past few years have also
linked the puberty acceleration to respiratory
health (Macsali et al. 2012). Sex hormones have
been shown to influence the inflammatory pro-
cesses in lungs (Salam et al. 2006), smooth
muscles (Herrera-Trujillo et al. 2005), and also
the immune system (Xu et al. 2000). Estrogen
affects the inflammatory mediators, T cell popula-
tion, and the production of specific antibodies
(Almqvist et al. 2008). Moreover, it may also
trigger the growth of bronchial smooth muscles,
which affects pulmonary contractility (Jain et al.
2012; Haggerty et al. 2003). Early menarche,
associated with high estrogen levels, may thus
lead to respiratory disorders. The findings reported
to-date suggest that early menarche is related to the
prevalence of asthma (Al-Sahab et al. 2010;
Varraso et al. 2005) and allergic diseases (Klis
and Wronka 2017; Westergaard et al. 2003; Xu
et al. 2000) and it affects spirometry variables
(Macsali et al. 2011). However, research on the
subject is rather scant and not fully convincing.
Further studies seem warranted to assess various
aspects of menarcheal age and the propensity for
respiratory disorders at later life periods.

The purpose of this study was to evaluate the
relationship between the age at menarche and the
prevalence of allergic diseases, with particular
emphasis on allergic rhinitis, and to verify
whether early menarche is a risk factor for a
frequent occurrence of upper respiratory tract
infections. Since both menarcheal age and respi-
ratory health are connected with the level of adi-
posity and living conditions, we took into account
the socioeconomic status and anthropometric
indicators of general and abdominal obesity. In
addition, we sought to evaluate the relationship
between the age at menarche and lung function in
a subgroup of healthy female subjects.

2 Methods

2.1 Participants, Questionnaires,
and Measurements

Data were collected from 1323 female university
graduates aged 19–25; the mean age of
20.6 � 1.4SD years. All participants were Cau-
casian. Females (up to the age of full 25 years
minus 1 day) who were non-pregnant, childless,
and not currently suffering from any disorder
were selected for inclusion into the study. The
were no differences in the mean age between
groups divided into categories, according to
puberty age, prevalence of allergy, and preva-
lence of allergic rhinitis. Women older than
25 years and those who did not meet the inclu-
sion criteria were excluded.

Questions contained in the survey were related
to subjects’ age at the first menstruation, the pres-
ence of allergy, allergic rhinitis, and the frequency
of upper respiratory tract infections. The subjects
were divided into three categories according to
percentile values. The boundary value of the 25th
and 75th percentiles (12–14 years) was considered
the average age at menarche. Females whose men-
arche occurred before the age of 12 (25th percen-
tile) were classified as early-maturing, while those
whose menarche occurred after the age of 14 (75th
percentile) were classified as late-maturing.
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Questions concerning the overall health were
asked to obtain the information about the preva-
lence of chronic conditions, including allergic
conditions, allergic rhinitis, and the frequency of
infectious respiratory diseases. The prevalence of
allergies and/or allergic rhinitis was determined
using the response to the question “Have you
been diagnosed with allergy on the basis of medi-
cal tests, and if yes, which allergens are you
allergic to?” A question on the presence of the
symptoms of allergic rhinitis was also asked, i.e.,
about sneezing, running or blocked nose, some-
times with itchy eyes or nose. The reason behind
this question was to verify whether there would
have been any undiagnosed cases of allergic rhi-
nitis among individuals who had never undergone
relevant medical tests. None of such individuals
declared the presence of hay fever symptoms.

The amount and distribution of adiposity and
socio-economic status were selected as covariates
in the analysis. The anthropometric indicators
consisted of body height, body mass, chest, and
waist circumference. Body height was measured
with accuracy to 0.5 cm and weight in light cloths
with accuracy to 0.5 kg. The waist and chest
circumference were measured with an anthropo-
metric tape. Waist circumference was measured
halfway between the lower rib margin and the
iliac crest. Chest circumference was measured at
the xiphoidale point, located on the body of the
sternum. The following parameters were
calculated:

• body mass index (BMI; kg/m2)
• waist-to-height ratio (WHtR; cm/cm)
• waist-to-chest ratio (WCR; cm/cm)

According to the guidelines of World Health
Organization (WHO 2008), BMI is used to deter-
mine the prevalence of obesity and abdominal
obesity. Subjects with a BMI below 18.5 kg/m2

are qualified as underweight, with 18.5–25 kg/m2

as of normal body mass, with 25–30 kg/m2 as
overweight, and > 30 kg/m2 as obese. A WHtR
below 0.4 indicates an insufficient adiposity level

in the abdominal region, 0.4–0.5 – normal level,
0.5–0.6 – heightened level, and values >0.6 indi-
cate abdominal obesity. The WCR was analyzed
as a continuous variable.

Socioeconomic status took into account the
place of residence, parents’ level of education,
and the number of siblings. The place of resi-
dence was considered in the categories of village,
town (up to 100,000 inhabitants), and city (more
than 100,000 inhabitants). Parents’ education was
categorized as vocational, secondary, and college/
university. The number of siblings was top coded
at four. Participants were asked to self-assess their
economic stance during childhood and adoles-
cence as 1 – poor, 2 – average, 3 –good, 4 –

very good, and 0 – changeable or difficult to
assess. As there were only three responses in the
zero category, it was discarded in the final analy-
sis. On the basis of the data above outlined, a
complex indicator of socioeconomic status was
calculated, stratifying the participants into the
groups of low, average, and high status. This
stratification was carried out on the basis of a
value of the first component obtained in the prin-
cipal component analysis (PCA 2018).

2.2 Statistical Elaboration

Data were shown as means �SD. The
relationships between categorical variables such
as age at menarche and prevalence of diseases
was examined by means of a Chi2 test. The sig-
nificance of differences in the mean age at men-
arche, depending on the occurrence of allergy and
allergic rhinitis, were analyzed by Student’s t-test.
Logistic regression analysis was applied to evalu-
ate the risk of allergic rhinitis depending on the
age at menarche. MANOVA was used to evaluate
the difference in spirometry variables between
early-, average-, and late-maturing women. A
p-value of <0.05 defined statistically significant
differences. Calculations using a commercial
Statistica v12 package (StatSoft; Tulsa, OK).
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3 Results

3.1 Age at Menarche and Allergy

As many as 943 (71.2%) females participating in
the study reported no allergies, and 380 (28.8%)
reported a medically diagnosed allergy. In the
distribution by age at menarche, we found no
statistical differences in the prevalence of
allergies among the three groups (p ¼ 0.134).
Nonetheless, the occurrence of allergy tended to
be somehow higher in the early-maturing than in
the average- and late-maturing females;
32.0% vs. 26.3% vs. 30.3%, respectively. Next,
we analyzed the age at menarche specifically in
connection with allergic rhinitis. Rhinitis was
reported by 243 out of the 1,323 females. It
occurred significantly more frequently in the
females having early menarche than in those
who experienced late menarche
(23.2% vs. 15.8% vs. 18.8%, respectively)
(p ¼ 0.018). Infections of the upper airways
were occasionally occurring in all the females
investigated. The frequency of infection was
rather modest. Females who suffered from the
infection rarely, i.e., less than 3 per year,
outnumbered about 15-fold those who had more
than 3 infections per year; 1,239 vs. 84 females,
respectively. There was no statistically significant
difference in the number of upper airway
infections by the age at menarche (Table 1).

Logistic regression was used to estimate the
risk of allergic rhinitis depending on the age at
menarche. In the group of early menarche, odds
ratio (OR) was 1.61 with 95% confidence
intervals (95%CI) of 1.16–2.24, whereas it was
1.23 (95%CI ¼ 0.87–1.74) for the late
mnenarche. Females with the average age at men-
arche constituted a group of reference for com-
parison (OR ¼ 1.00). The inter-group differences
were significant (p ¼ 0.020) and remained so
after adjustments for BMI ( p ¼ 0.030), WHtR
( p ¼ 0.030), or WCR ( p ¼ 0.021). After com-
bining menarcheal age with the three variables
BMI, WHtR, and WCR, pertaining to the amount
and distribution of adipose tissue, the p-value
remained borderline significant, equalling 0.05.
The relationship between menarcheal age and
likelihood of allergic rhinitis also remained sig-
nificant after adjustment for socio-economic
variables (p-values varied from 0.01 to 0.04).

Finally, we evaluated whether menarcheal age
could influence pulmonary function. Spirometry
tests were performed in 152 healthy females of
this study, who were free of any chronic
conditions, including the allergic ones. The anal-
ysis, with BMI and the prevalence of abdominal
obesity as covariates, failed to demonstrate any
statistically relevant differences in spirometry
results, depending on the age at menarche. How-
ever, there was a tendency for increased FVC,
FEV1, and FEV1/FVC ratio with increasing age
at menarche (Table 2).

Table 1 Prevalence of allergy, allergic rhinitis, and upper respiratory tract infections in relation to age at menarche

Age at menarche

Early (n ¼ 328) Average (n ¼ 665) Late (n ¼ 330)

Allergy No; n (%) 223 (68.0) 490 (73.7) 230 (69.7)
Yes; n (%) 105 (32.0) 175 (26.3) 100 (30.3)

Chi2 ¼ 4.02 p ¼ 0.134
Allergic rhinitis No; n (%) 252 (76.8) 560 (84.2) 268 (81.2)

Yes; n (%) 76 (23.2) 105 (15.8) 62 (18.8)
Chi2 ¼ 8.03; p ¼ 0.018

Upper respiratory tract infection �3 times/year; n (%) 23 (7.0) 40 (6.0) 21 (6.4)
1–2 times//year; n (%) 163 (49.7) 317 (47.7) 159 (48.2)
Less often; n (%) 142 (43.3) 308 (46.3) 150 (45.4)

Chi2 ¼ 0.68; p ¼ 0.954

Early age at menarche <12 years, average 12–14 years, and late >14 years
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4 Discussion

Initially, studies on the influence of sex hormones
on respiratory health dealt with gender
differences regarding the incidence of diseases.
It has been reported that in childhood asthma is
more common in males, whereas in adolescence
and adulthood in females (Becklake and
Kauffmann 1999; Skobeloff et al. 1992) or that
women experience more severe asthma than men
(Henriksen et al. 2003; de Marco et al. 2000). The
influence of estrogens on respiratory function is
confirmed by changes in spirometry and the more
frequent occurrence of asthma attacks during the
menstrual cycle, the relationship between the
occurrence of respiratory and reproductive sys-
tem disorders, e.g., irregular menstrual cycles or
polycystic ovary syndrome, and during the use of
contraceptives (Real et al. 2007; Salam et al.
2006; Svanes et al. 2005).

Menarche initiates regular menstrual cycles
and marks a high level of sex hormones. It
completes the process of growth and maturation.
The younger the age at the first menstruation, the
shorter is the stage of progressive development,
and the longer is the period in which a female
remains under the influence of high sex hormone
levels. A shortened period of growth and devel-
opment of the body, including the respiratory
system, and extended exposure to estrogens
have health consequences. There are reports that
females who mature earlier more frequently suf-
fer from asthma or display asthmatic symptoms

(Varraso et al. 2005; Guerra et al. 2004).
According to a study by Al-Sahab et al. (2011)
earlier menarche doubles the risk of asthma after
puberty. A similar relationship has been observed
by Salam et al. (2006) in a group of adult women.
Early age at menarche also is reported to contrib-
ute to more frequent occurrence of asthma
symptoms or to asthma with bronchial hyperreac-
tivity. Such findings are consistent all over
Europe, which puts in doubt a possible impact
of socio-economic factors (Macsali et al. 2011).

Fewer studies address the relationship between
the age at menarche and allergic conditions. In a
study on 5,000 females, Xu et al. (2000) have
observed that earlier menarche associates with a
rise in the prevalence of atopy. Westergaard et al.
(2003) have demonstrated a relationship between
the age at menarche and allergic rhinitis in a study
on 3,000 females. Girls who first menstruated at
the age of 12 years are 1.25 times more likely to
have allergic rhinitis than those in whom menar-
che occurred at 14 years. The results of the pres-
ent study revealed a similar significant
relationship between the age at menarche and
allergic rhinitis. The likelihood of developing
allergic rhinitis was adversely related to the age
at menarche. Likewise, there was a consistent
tendency for allergies, taken together, to occur
more often in the subjects who reached puberty
at younger age, although in this case the differ-
ence failed to reach statistical significance.

The mechanisms that underlie the impact of
sex hormones on the development of allergic
conditions have most likely to do with affecting

Table 2 Spirometry variables depending on age at menarche

Variable

Age at menarche

p

Early Average Late

(n ¼ 22) (n ¼ 99) (n ¼ 28)

FCV (L) 3.40 � 0.55 3.48 � 0.48 3.63 � 0.65 0.445
FVC (% predicted) 0.92 � 0.15 0.95 � 0.12 0.98 � 0.16 0.243
FEV1 (L) 2.90 � 0.46 3.02 � 0.44 3.17 � 0.49 0.092
FEV1 (% predicted) 0.88 � 0.14 0.93 � 0.12 0.97 � 0.14 0.087
PEF(L) 4.69 � 1.56 4.45 � 1.27 4.91 � 1.21 0.098
PEF (% predicted) 0.66 � 0.20 0.64 � 0.18 0.69 � 0.16 0.143
FEV1/FVC ratio 0.86 � 0.10 0.87 � 0.12 0.88 � 0.14 0.211

Data are means �SD. Early age at menarche <12 years, average 12–14 years, and late >14 years; comparison among the
age at menarche groups with one-way ANOVA
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the immune system function. The occurrence of
allergic rhinitis at early menarche may also have
to do with body mass. The evidence shows that
females of early menarche usually have increased
body mass (Bell et al. 2018; Prentice and Viner
2013). It has been demonstrated that obesity
disrupts the function of both respiratory and
immune systems (Vatrella et al. 2016; Lessard
et al. 2011; Steele et al. 2009). Nevertheless,
both previous studies and the present one demon-
strate that the relationship between the age at
menarche and respiratory health is also noticeable
after adjustment for BMI (Macsali et al. 2011).
This indicates that there could be a specific effect
on respiratory health of high estrogen levels
rather than that of adiposity. Interestingly, the
reverse also holds true, i.e., obese individuals
often have high estrogen levels.

The relationship between the age at menarche
and respiratory allergies may also have to do with
socio-economic factors. Females of high standard
status often belong to those having both very early
menarche and frequent occurrence of allergic
diseases (Asher et al. 2006). Co-existence of the
two, however, is not consistently reported in the
literature. Nor did the present study show any
appreciable connection of the age at menarche
with allergies, depending on socio-economic status.

The evidence of the impact of early menarche
on lung function also is limited. Macsali et al.
(2011) have analyzed data collected from adult
females and conclude that women who started to
menstruate before the age of 11 had lower values
of FEV1 and FVC than those whose regular
cycles had begun after the age of 13. However,
these authors do not notice any relationship
between early age at menarche and chronic
obstructive pulmonary disease, due perhaps to
the fact that the study group consisted of very
young subjects. In the present study, spirometry
was performed in a limited subgroup of
152 females. The results also indicate a tendency
for lower FEV1, FVC, and FEV1/FVC in females
with earlier menarche; a tendency that was close
to borderline significance for FEV1. It is worth
noting that all these females were young and
healthy, which could bear on the lack of signifi-
cant differences.

Research discussed in the present article has
certain limitations such as the self-reported study.
Despite additional questions on medical tests and
symptoms of allergic rhinitis one cannot be
exclude that in the study group of non-allergic
subjects were also individuals with undiagnosed
allergic diseases. In addition, the study group
comprised female university students, which
means that some form of selection had already
been applied. The subjects included individuals
from families of varied status and different
regions of Poland, and the tests were conducted
in several academic centres: both at large
universities and local colleges.

In summary, the results of our research show
that early menarche is a risk factor for allergic
rhinitis at early adulthood in this cohort. The
findings also suggest that early menarche could
act as a curb on lung function at later age.
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Effects of Osteopathic Manual Therapy
on Hyperinflation in Patients
with Chronic Obstructive Pulmonary
Disease: A Randomized Cross-Over Study

M. Maskey-Warzechowska, M. Mierzejewski, K. Gorska,
R. Golowicz, L. Jesien, and R. Krenke

Abstract

Osteopathic manual therapy (OMT) may
reduce hyperinflation in patients with chronic
obstructive pulmonary disease (COPD) by
improving breathing mechanics. The aim of
the study was to evaluate the immediate effects
of OMT on hyperinflation in stable COPD
patients with forced expired volume in 1 s
(FEV1) <50% predicted. Nineteen COPD
patients of the median age 68 (IQR 63–72)
years and the median FEV1 39.8 (IQR
33.4–46.6) % predicted were enrolled into the
study. For the first session, patients were ran-
domly assigned to either OMT or sham therapy.
During the second session, the two groups of
patients were crossed over. Pulmonary function
and dyspnea were compared before and after
both procedures. Neither pulmonary function
nor dyspnea differed significantly before and
after OMT or sham procedures. However,
36.7% and 47.4% patients achieved the

minimally important difference for residual
volume (RV) reduction after both OMT and
sham therapy, respectively. Responders to
OMT had a greater median (IQR) baseline
sense of dyspnea compared to
non-responders, assessed on a visual analog
scale, of 7.0 (4.5–7.0) vs. 3.0 (0.0–5.0),
p ¼ 0.040, respectively. Although OMT did
not have an immediate effect on hyperinflation
or dyspnea, a subgroup experienced a reduc-
tion in RV following OMT and sham therapy.
Future studies are needed to identify the
characteristics of responders.

Keywords

Airway obstruction · COPD · Dyspnea ·
Hyperinflation · Osteopathic therapy ·
Pulmonary function · Residual volume

1 Introduction

The 2019 update of the Global Initiative for
Chronic Obstructive Lung Disease (GOLD)
highlights the role of disease symptoms and
exacerbation risk as the two main determinants
of disease progression and points to symptom
alleviation and reduction of exacerbation fre-
quency as important treatment targets (GOLD
2019). Although much progress has been done
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in the pharmacotherapy of chronic obstructive
pulmonary disease (COPD) in the past decade,
treatment efficacy is still far from satisfactory.
Physiotherapeutic rehabilitation, which plays a
key role in patients with stable COPD, focuses
mainly on endurance training and muscle mass
improvement (Celli 2017; Bolton et al. 2013).
Little attention is given to chest wall mechanics
per se. Respiratory muscle overload and
increased wall rigidity due to an increased volume
of air remaining in the lungs after spontaneous
expiration in patients with airflow obstruction
(static hyperinflation) lead to increased tension
of the respiratory muscles and a decreased mobil-
ity of chest wall joints, what may further affect the
work of breathing and the sense of dyspnea.
There is evidence that impairment of pulmonary
function in patients with COPD is associated with
adaptive changes in the length and mobility of the
muscles of the chest, thoracic spine and shoulders
(Morais et al. 2016).

The concept that the chest wall could be a
potential target for non-pharmacologic therapeu-
tic intervention in patients with respiratory
diseases dates back to the 1970s (Howell et al.
1975). Osteopathic manual therapy (OMT) is a
method of manual therapy involving not only the
soft tissues, but also bones and joints. The effec-
tiveness of OMT has been analyzed in patients
with moderate and severe COPD, with the
assumption that it may improve breathing
mechanics and reduce dyspnea related with
increased airway resistance and increased residual
volume (RV). An increase in RV results in a
lower inspiratory capacity (IC) and thereby in a
lower operating tidal volume what is considered
one of the most important factors leading to dys-
pnea in hyperinflated COPD patients. Therefore,
a reduction in RV is an important therapeutic
target in COPD (Langer et al. 2014). Studies on
the effect of OMT on RV and breathing mechan-
ics produced conflicting results (Engel et al. 2013;
Zanotti et al. 2012; Noll et al. 2008). Individual
studies have shown a positive effect of manual
therapy on chest wall mechanics, perception of
dyspnea and peripheral oxygen saturation (SpO2)
in patients with COPD even after a single thera-
peutic session (Cruz–Montecinos et al. 2017;
Yilmaz Yelvar et al. 2016). This has not been

unequivocally confirmed in systematic reviews
(Steel et al. 2017; Cicchitti et al. 2015; Heneghan
et al. 2012). On the other hand, Hogg et al. (2012)
have shown that despite a documented beneficial
effect of long-term pulmonary rehabilitation,
patient adherence to therapy is below 50%. It
seems that acute symptom alleviation after a sin-
gle OMT session in patients with dyspnea is an
attractive option for non-pharmacological inter-
vention as it does not require the long-term com-
pliance. Therefore, we undertook a randomized,
cross-over study to evaluate the immediate effect
of OMT on hyperinflation in patients with severe
COPD.

2 Methods

2.1 Study Design

The study was performed between April and July
2016 and included COPD patients with severe
airway obstruction (FEV1 < 50%). The effect of
a single therapeutic session of OMTwas compared
to that of a sham procedure. Each patient
underwent both OMT and sham procedure in a
two-week interval. Before the first session the
patients were randomized to OMT or sham proce-
dure and after 2 weeks the patients were crossed-
over (Fig. 1). Computer-generated random num-
bers were used to allocate patients to OMT or sham
protocol during the first session. Lung function and
severity of dyspnea were assessed directly before
and after each session of OMT and sham proce-
dure. The primary endpoint was the change
between pre- and post-procedure RV, while the
secondary endpoints were changes in the other
indices of lung hyperinflation, such as total lung
capacity (TLC), RV/TLC, functional residual
capacity (FRC), FRC/TLC, inspiratory capacity
(IC), and IC/TLC, and the perception of dyspnea
assessed on a visual analog scale (VAS). A sepa-
rate comparative analysis of patients who would
demonstrate a post-intervention minimally impor-
tant difference (MID) for RV and RV/TLC and
those who would not was performed. We adopted
the MID threshold of �310 mL and � 6.1% for
RV and � 2.8% for RV/TLC based on a study of
Hartman et al. (2012).
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2.2 Study Patients

The study included stable patients with severe or
very severe airway obstruction (FEV1 < 50%).
The patients were recruited from the pulmonary
outpatient department of the Public Central
Teaching Hospital in Warsaw. Nineteen (11 men
and 8 women) stable COPD patients from the
pulmonary outpatient department of the Univer-
sity Hospital in Warsaw, Poland, with severe or
very severe airway obstruction (FEV1 < 50%),
were recruited into the study in April–July 2016.
All patients were treated with a long acting mus-
carinic antagonists and the majority received long
acting beta-agonists (18/19; 95%) and inhaled
corticosteroids (16/19; 84%). Four (21%) patients
were on long term oxygen therapy. The baseline
characteristics of the investigated group are
presented in Table 1.

The major inclusion criteria were as follows:
age � 40 years, diagnosis of COPD in accordance
with the GOLD recommendations (GOLD 2016),
post-bronchodilator FEV1 < 50% predicted and
smoking history of at least 10 pack-years. The ability
to remain in the supine position for at least 25 min
(duration of a manual therapy session) also was
mandatory. The patients remained on their usual
inhaled therapy. The exclusion criteria comprised
acute COPD exacerbation within 4 weeks before
the study onset, exacerbation of any concomitant
disease, acute rib or vertebral fracture, significant
chest wall deformation (e.g., scoliosis) and inability
to perform good quality, reproducible spirometry
and body plethysmography.

The initial patient evaluation comprised medi-
cal history, spirometry with bronchial reversibil-
ity testing, COPD assessment test (CAT) (Jones
et al. 2009), modified Medical Research Council
dyspnea scale (mMRC).

2.3 Manual Therapy

Manual therapy (OMT or sham procedure) was
applied in the supine position. Both the patient
and the physician were blinded to the applied
protocol while the therapist was responsible for
implementing the appropriate manual therapy
protocol in individual patients. The applied
techniques for OMT and the sham protocol are
presented in Table 2.

In all patients, the sessions were applied
between 11.00 a.m. and 1 p.m. (i.e., at least 2 h
after the intake of the morning dose of
bronchodilators) on both observation days. The
procedures were conducted by a trained therapist
with at least 5-year experience in osteopathic
manual therapy. In each patient, the exercise
maneuvers were performed in the same order.
The duration and number of repetitions of each
technique depended on the improvement of fas-
cial mobility and release muscle tension as judged
by the therapist on palpation. Only then would the
therapist apply the subsequent exercise as
designed in the protocol. The duration of each
session did not exceed 25 min.

Fig. 1 Flow chart representing the study paradigm.
COPD chronic obstructive pulmonary disease, FEV1

forced expiratory volume in 1 s, FVC forced vital capacity,
PFT pulmonary function testing; SpO2 peripheral oxygen

saturation measured by pulse oximetry, CAT COPD
assessment test, mMRCmodified Medical Research Coun-
cil scale for dyspnea, VAS visual analogue scale, OMT
osteopathic manual therapy
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2.4 Pulmonary Function Testing
and Evaluation of Dyspnea

Spirometry (Lung Test 1000, MES, Cracow,
Poland) and body plethysmography (BodyBox
5500, Medi-Soft SA, Sorinnes, Belgium) were
performed according to the recommendations of
the European Respiratory Society and American
Thoracic Society (Miller et al. 2005; Pellegrino
et al. 2005; Wanger et al. 2005). Pulmonary func-
tion was assessed directly before and 10 min after
each therapeutic session. In addition, before and
after each session the perception of dyspnea was
assessed on the visual analogue scale (VAS). A
10 cm horizontal line anchored between two mar-
ginal points which corresponded with the labels
“I have no problems with breathing” (0 cm) and
“I can hardly breathe at all” (10 cm) was used.

2.5 Statistical Analysis

The estimation of a sample size was based on data
from the study by Noll et al. (2008). We assumed

that when the last maneuver in the exercise of the
thoracic lymphatic pump, consisting of the abrupt
removal of the therapist’s hands pressing on the
pectoralis muscles to increase the volume of
inspired air, is abandoned, RV would decrease,
rather than increase as observed in the study men-
tioned above. Therefore, the assumed RV
decrease following OMT would be at least
650 mL. An additional value of 100 mL (15%)
was added to further emphasize the positive effect
of OMT. To detect the difference of 750 mL with
a power of 80% and a significance level of 5%,
the sample size was estimated as 16 patients.

Data were presented as medians and IQR or
percentages. Differences between continuous
variables in the two groups were tested using the
Mann–Whitney U test as data were not normally
distributed. To determine significance of inter-
differences, the sign test and signed rank test
were applied. Differences were considered statis-
tically significant at p < 0.05. The McNemar test
was applied to determine the differences between
the two therapeutic techniques. Statistical
analyses were performed using Statistica v12.0

Table 1 Clinical and functional characteristics of chronic obstructive pulmonary disease (COPD) patients at baseline,
prior to any manual therapy intervention

Parameter Value

Gender (M/F) 11/8
Age (years) 68 (63–72)
BMI (kg/m2) 26.3 (23.1–27.95)
Ex-smokers/current smokers 17 (89.5)/ 2 (10.5)
Smoking history (pack-years) 40 (25–50.5)
Disease duration (years) 17 (10–24.5)
Baseline FEV1 (% predicted) 43.4 (33.2–46.7)
Baseline FVC (% predicted) 87.8 (72.6–98.2)
Baseline RV (% predicted) 199.2 (173.9–231.3)
Baseline IC (% predicted) 96.4 (76.6–103.5)
Baseline FRC (% predicted) 167.5 (158.7–208.9)
Baseline TLC (% predicted) 139.7 (122.9–148.0)
Baseline RV/TLC (%) 58.2 (53.8–64.6)
Baseline IC/TLC (%) 30.8 (23.1–33.6)
Baseline FRC/TLC (%) 69.1 (66.4–76.8)
CAT score 18 (13–20)
mMRC 3 (3–4)
SpO2 when breathing room air (%) 93 (92–97)

Results are presented as medians and interquartile ranges (IQR). BMI body mass index, FEV1 forced expiratory volume
in one second, FRC functional residual capacity, FVC forced vital capacity, IC inspiratory capacity, CAT - COPD
assessment test, mMRC modified Medical Research Council scale for dyspnea, RV residual volume, TLC total lung
capacity, SpO2 peripheral capillary blood oxygen saturation measured by pulse oximetry
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software (StatSoft, Tulsa, OK) and Statgraphics
Plus v.4.1. (Statpoint Technologies, Warrenton
VA).

3 Results

3.1 Effect of Manual Therapy
on Pulmonary Function
and Dyspnea

All the included patients completed the study
protocol. No adverse effects associated with the
OMT and sham intervention were observed in
any of the participating patients. With the excep-
tion of TLC, which was lower after the sham

rehabilitation, neither pulmonary function nor
dyspnea differed significantly before and after
OMT and sham procedures (Table 3).

The differences in lung volumes before and
after OMT and the sham protocol did not differ
significantly. Of the 19 investigated patients,
7 (36.8%) demonstrated a decrease in RV (%
predicted) exceeding the predetermined threshold
of �6.1% after OMT. In comparison to patients
who did not exceed this MID, the ‘responders’
had a greater perception of dyspnea at baseline –
VAS score 7.0 (4.5–7.0) vs. 3.0 (0.0–5.0), respec-
tively, p ¼ 0.04. After the sham protocol, RV
decreased by 6.1% in 9/19 (47.4%) patients and
these patients were characterized by a signifi-
cantly greater difference in the perception of

Table 2 Description of the osteopathic manual techniques and the sham intervention applied in chronic obstructive
disease (COPD) patients

Osteopathic manual therapy protocol Sham protocol

Suboccipital decompression Shoulder joint mobilization by gliding techniques
(glenohumeral anterior, posterior and inferior glide,
circumduction)
Aim: improvement in shoulder flexion, extension,
internal and external rotation

Traction in the outward and cephalad direction with the
fingers of the therapist placed on the occipital condyles at
the base of the skull
Aim: relaxation of the structures of the atlanto-occipital joint
Deep cervical fascia release Post-isometric relaxation of the shoulder rotators and

the biceps brachii
Aim: increase in the mobility of the shoulder joint

Compression along the sternocleidomastoid, scalene,
trapezius muscles from the base of the head in the caudal
direction performed with the thumbs of the therapist
Aim: improvement of the mobility of the upper ribs and
relaxation of the anatomical regions associated with the
vagus and phrenic nerve
Thoracic lymphatic pump
Manual support of the patient’s breathing rhythm by
compression and decompression of the sternum effecting in
the sterno-costal joints relaxation and intensification of
lymph flow the thoracic duct. The impact on the thoracic
duct is carried out by the rhythmic pressure differences
while breathing and, in this case, supported with hands of
the therapist
Aim: reduction in the tension of mediastinal structures,
improvement in lymphatic flow and thus reduction in
breathing resistance
Diaphragm “stretching”
Repeated traction of the angles of the lower ribs in the
outward (inspiratory) direction during expiration. The
procedure was stopped when mobility of the lower ribs
improved (arbitral decision of the therapist enhanced by
palpation)
Aim: improvement of the mobility of the lower part of the
rib cage and reducing the adhesion between the diaphragm
and the abdominal fascia

Adapted from Noll et al. (2008)
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dyspnea before and after the session, compared to
the ‘non-responders’ – Δ VAS �2.0 (�2.0 �
{�1.0}) vs. 0.0 (�1.0 � {�1.0}), respectively,
p ¼ 0.02. Nonetheless, the overall pre- and post-
intervention dyspnea did not differ significantly
in the two groups.

No correlations between the clinical data,
baseline pulmonary function values, and the
median differences of lung volumes with their
derivatives were found before and after OMT
and sham therapy.

4 Discussion

This study did not show any significant influence
of a single session of OMT on indices of hyper-
inflation and perception of dyspnea in patients
with severe COPD. However, when we consid-
ered the established MID for RV in COPD
patients (�6.1%), we found that patients in
whom this MID was observed after the interven-
tion were characterized by a significantly higher

Table 3 Comparison of pulmonary function and perception of dyspnea before and after osteopathic manual therapy
(OMT) and sham therapy

Variable
OMT-Pre
n ¼ 19

OMT-Post
n ¼ 19 p

Sham-Pre
n ¼ 19

Sham-Post
n ¼ 19 P

FEV1 (L) 1.1
(0.8–1.4)

1.0
(0.7–1.3)

0.13 1.0
(0.7–1.3)

1.0
(0.8–1.3)

0.81

FEV1% pred. 43.4
(34.5–46.7)

38.9
(33.6–45.8)

0.09 36.8
(33.1–46.4)

38.0
(33.6–47.4)

0.89

FVC (L) 2.9
(2.4–3.7)

3.2
(2.2–3.7)

0.72 3.0
(2.4–3.6)

2.9
(2.3–3.7)

0.30

FVC % pred. 87.7
(76.8–98.2)

87.5
(73.2–97.7)

0.55 85.9
(72.6–93.1)

85.5
(73.9–94.4)

0.40

FEV1%FVC (%) 33.3
(29.4–43.1)

33.2
(30.0–43.3)

0.35 32.4
(29.2–43.1)

31.4
(28.5–43.7)

0.94

TLC (L) 7.5
(6.5–9.0)

7.5
(6.6–8.7)

0.28 7.6
(6.9–9.0)

7.2
(6.5–8.8)

0.03

TLC % of pred. 136.6
(122.9–147.8)

137.6
(121.0–144.9)

0.37 139.9
(124.7–149.4)

138.3
(123.2–147.7)

0.03

RV (L) 4.5
(3.8–4.9)

4.5
(3.8–4.8)

0.23 4.5
(4.2–5.2)

4.5
(4.1–5.1)

0.06

RV % pred. 198.8
(179.6–226.8)

196.5
(168.2–224.6)

0.35 207.9
(179.3–232.9)

198.8
(178.5–225.9)

0.08

RV/TLC (%) 57.5
(53.8–64.5)

57.0
(52.7–65.2)

0.28 59.6
(56.8–64.3)

58.6
(55.4–63.8)

0.16

Raw 3.1
(2.4–3.9)

2.8
(2.1–4.0)

0.44 2.8
(2.0–4.9)

2.8
(2.2–4.1)

0.98

Raw % of pred. 230
(178.8–290.1)

216.1
(167.5–286.9)

0.33 196.8
(166.3–363.5)

217.8
(175.6–272.3)

0.98

IC (L) 2.1
(1.92–2.7)

2.4
(1.8–2.7)

0.55 2.3
(1.9–2.7)

2.1
(1.7–2.7)

0.53

IC % of pred. 93.9
(77.6–107.4)

95.5
(84.0–107.1)

0.81 96.4
(81.4–106.9)

96.3
(84.8–107.7)

0.69

FRC (L) 5.6
(4.3–6.1)

5.7
(4.3–5.9)

0.16 5.5
(4.7–6.1)

5.3
(4.6–6.3)

0.09

FRC % of pred. 165.9
(157.9–204.8)

173.3
(148.2–197.2)

0.20 178.6
(162.2–196.9)

173.4
(154.3–190.8)

0.10

VAS 3.0
(0.5–6.0)

3.0
(1.0–4.5)

0.06 4.0
(1.0–5.5)

2.0
(1.0–4.0)

0.09

Results presented as median (IQR). FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, TLC total lung
capacity, RV residual volume, Raw airway resistance, IC inspiratory capacity, FRC functional residual capacity, VAS
visual analogue scale. Significant changes are depicted in bold
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sense of dyspnea at baseline than those who did
not achieve the MID. The adopted MID for RV
was also reached by a group of patients who
were subject to sham therapy involving the
upper limbs, therefore a potential beneficial
effect of manual therapy applied to the upper
part of the body, not only to the chest wall per
se may be expected.

The present findings are in contrast with the
results of other authors. Two recent studies have
shown that in patients with severe COPD, manual
therapy applied in a single session may have a
positive effect on indices of lung hyperinflation.
Cruz-Montecinos et al. (2017) have demonstrated
that manual therapy applied in one session
resulted in a significant decrease in TLC, ERV
and RV, which was accompanied by an increase
in IC and SpO2. Likewise, Yilmaz Yelvar et al.
(2016) have noticed significant improvements in
FEV1, FVC, respiratory muscle strength, SpO2

and a decrease in dyspnea perception after a sin-
gle session comprising of soft tissue therapy and
thoracic mobilization. These results support the
use of manual therapy in the management of
COPD and show that even a single intervention
may have positive effects on breathing mechanics
and symptom severity. The protocols used in the
two mentioned studies were of longer duration
than that in the present study (30 and
45 min vs. 25 min, respectively). There were
also differences in the applied manual techniques
and in gender distribution among the investigated
patients, with a marked male predominance in
both previous studies as opposed to equal gender
distribution in the present study. Another differ-
ence was the younger age of patients in the previ-
ous studies and it is known that age affects the
results of manual therapy (Engel and Vemulpad
2008). All these factors may have contributed to
the difference in the outcomes. However, Noll
et al. (2008) have found in a group of 18 patients
with COPD that a 20-min OMT session not only
failed to improve lung function, but even further
increased hyperinflation and was also inferior to a
sham procedure. Given the above, it seems that
the duration of a single OMT session should be
considered an important factor conditioning the
effectiveness of this method of complimentary
treatment in COPD patients.

The musculoskeletal responsiveness to manual
therapy tends to decrease in the elderly due to
age-related decrease in soft tissue elasticity (Bou-
gie and Morgenthal 2001). Engel and Vemulpad
(2008) have postulated that the elderly require
more repetitions of manual therapy to achieve
the effect attained with fewer applications in
younger patients. However, the results of studies
involving repeated manual therapy sessions in
COPD patients are equivocal. Zanotti et al.
(2012), who combined OMT with pulmonary
rehabilitation and applied 45-min OMT sessions
once a week for 4 weeks, have found that an
increase in 6-min walking distance and an 11%
decrease in RV, compared to baseline in patients
with severe COPD. These changes were signifi-
cantly more pronounced than those in patients in
whom only pulmonary rehabilitation alone was
applied. Engel et al. (2013) compared three
groups of patients in whom three different
interventions are used: soft tissue therapy alone,
soft tissue therapy and spinal manipulation, and
both combined with exercise applied during
8 consecutive sessions over a 4 week period.
These authors showed that soft tissue therapy
alone had a significantly worse outcome than the
other two protocols. Another study by the same
group of authors showed that manual therapy
added to standard pulmonary rehabilitation
resulted in a significantly higher FVC, compared
to standard pulmonary rehabilitation alone and
that the effect sustained after the termination of
the intevention (Engel et al. 2016).

The present study has two major limitations.
Firstly, we adopted an MID threshold which had
been established for a different therapeutic
method, namely bronchoscopic lung volume
reduction (BLVR). However, this was imposed
by the fact that from the static lung volumes, MID
thresholds in patients with COPD have been pro-
posed only for RV and RV/TLC and these values
were calculated for patients undergoing BLVR
(Hartman et al. 2012). There is a need for
establishing the threshold for minimally (clini-
cally) important difference for the most com-
monly applied functional indices (other than
FEV1), what would enable the evaluation of the
effectiveness of therapeutic interventions in
patients with COPD. Adopting the same MID
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threshold for two radically different treatment
methods may be misleading and such a compari-
son ought to be interpreted with caution. The
positive effect of a sham procedure may also be
regarded a significant limitation of our study and
raise doubts on the placebo effect of the sham
techniques used in the study design. However,
techniques involving the shoulder in the sham
intervention were chosen to minimize the thera-
peutic effect on the chest wall on one side, and to
focus on the anatomic region potentially
associated with breathing to convince the patient
that the session might have therapeutic
implications on the other. A significant decrease
in TLC observed in our patients after the sham
protocol was not associated with a decrease in
RV, FRC, and/or an increase in IC, so it seems
an incidental finding. Further, the outcome
measures were compared to the MID adopted
from BVLR, with all the drawbacks involved as
outlined above. Paradoxically, a positive
response to the sham protocol involving the
upper limbs in a subgroup of COPD patients
may support the hypothesis that a beneficial effect
of manual therapy applied to the upper part of the
body, not only to the chest wall per se, may be
expected.

Although the lack of benefit from a single
OMT session in terms of improvement of pulmo-
nary function in patients with severe COPD found
in this study may seem somewhat discouraging,
in our opinion, this complimentary method of
COPD treatment need not be neglected. Manual
therapy is not associated with significant adverse
effects, activates the patient, necessitates a face-
to-face interaction with the therapist, and may
reduce the sense of social isolation, which is an
important factor affecting quality of life of COPD
patients (Meshe et al. 2017; Marx et al. 2016).
Since there is evidence that repeated OMT
sessions applied for a longer period of time
(4 weeks) give benefit to hyperinflated COPD
patients (Engel et al. 2013; Zanotti et al. 2012),
the present study may be regarded as a negative
pilot investigation that may be taken into consid-
eration in the future design of intervention trials
to modify entry criteria.

5 Conclusions

The results of this study did not confirm the
immediate effect of a single session of osteo-
pathic manual therapy protocol on hyperinflation
and the sense of dyspnea in COPD patients with
severe and very severe airway obstruction. In the
light of these observations and the findings of
earlier studies, further research on the influence
of manual therapy as a complimentary method for
COPD treatment seems warranted. Further explo-
ration of the issue ought to focus on targeted
subgroups of patients, optimal techniques and
their duration to be applied, and the search for
optimal objective outcome measures.
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Oxidative Stress Markers and Severity
of Obstructive Sleep Apnea
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Abstract

Oxidative stress underlies both obstructive
sleep apnea (OSA) and atherosclerosis. The
aim of the study was to assess the markers of
oxidative stress in plasma at different stages of
OSA in non-smoking obese Caucasian males
aged 41–60, with normal oral glucose toler-
ance test. All patients were subjected to clini-
cal and polysomnographic examinations. The
stage of OSA severity was set according to the
following criteria of the apnea-hypopnea index
(AHI): AHI < 5/h – no disease (OSA-0;
n ¼ 26), AHI 5–15/h – mild disease (OSA-1;
n ¼ 26), AHI 16–30/h – moderate disease
(OSA-2: n ¼ 27), and AHI > 30/h obstructive
episodes per hour – severe disease (OSA-3;
n ¼ 27). Plasma total antioxidant status
(TAS) and thiobarbituric acid-reacting
substances (TBARS), reflecting the level of
lipid peroxides, were determined spectropho-
tometrically. We found that TAS decreased

and TBARS increased significantly from
OSA-0 to OSA-3. We conclude that the oxida-
tive stress markers are conducive to setting the
severity of OSA in normoglycemic patients.

Keywords

Antioxidant activity · Apnea/hypopnea ·
Atherosclerosis · Obstructive sleep apnea ·
Oxidative stress · Polysomnography

1 Introduction

Obstructive sleep apnea (OSA) is a pathology of
breathing during sleep and it is characterized by
the recurrent episodes of apneas or hypopneas,
caused by upper airway obstruction, usually with
coexisting functional or anatomical disorders.
The OSA prevalence in adult population is
about 2–4%. In obese people the incidence
reaches up to 40–70% (Framnes and Arble
2018). The most important risk factors are: mid-
dle age, male gender, central body fat deposition,
anatomical upper airway disorders, overuse of
alcohol and some medicaments, smoking, and
physical inactivity (Somers et al. 2008).
Symptoms, such as increased daytime sleepiness,
falling asleep during routine activities, chronic
fatigue, and social withdrawal, make OSA an
important personal and social problem.

OSA can be diagnosed and graded by
polysomnography. Current classification of OSA
is based on apnea/hypopnea index (AHI) to
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recognize mild, moderate, and severe stage of the
disease. Consequences of untreated OSA include
ischemic heart disease, stroke, arrhythmia,
chronic heart failure and are related to increased
cardiovascular mortality (McNicholas et al.
2007). Moreover, these diseases could be also
discussed as atherosclerotic and low-grade
chronic inflammatory disorders.

Cardiovascular complications are the main
cause of death in patients suffering from OSA.
The difference in all-cause mortality between
OSA and non-OSA male patients is seen espe-
cially in individuals aged under 50 (Lavie et al.
1995; He et al. 1988). It is still necessary to
recognize the mechanisms linking OSA with the
development of atherosclerosis; with oxidative
stress potentially being one of them (Lavie
2009; Cofta et al. 2008). Repeated apnea/
hypopnea episodes disorder the sleep architec-
ture, cause intra-thoracic pressure fluctuations,
cyclical alterations of arterial oxygen saturation,
sympathetic activation, and increase oxidative
stress, all of which leads to tissue damage and
organ failures and to the acceleration of athero-
sclerosis (Bonsignore and Zito 2008). Therefore,
the aim of this study was to assess the plasma
content of oxidative stress markers, such as total
antioxidant status (TAS) and thiobarbituric acid-
reacting substances (TBARS), in different stages
of OSA in an attempt to get closer insight into the
association between OSA severity and increased
risk of atherosclerosis.

2 Methods

One hundred and six men, aged 34–64, with a
clinical suspicion of OSA, referred for testing in
the Sleep Laboratory of the Department of
Pulmonology, Allergology and Respiratory Oncol-
ogy of Poznań University of Medical Sciences in
Poland were enrolled into this study. Exclusion
criteria were the following: chronic and acute
heart diseases, stroke, respiratory failure, chronic
kidney disease, chronic liver disease, current
smoking, cancer, diabetes mellitus, and elevated

fasting glycemia or impaired glucose tolerance.
Patients underwent a physical examination and

had the day time sleepiness estimated on the
Epworth Sleepiness Scale (ESS). Then, they
underwent a full-night monitoring by the
polysomnographic system EMBLA S4000-
Remlogic equipped with Somnologica Studio
v5.0 software (Embla Systems Inc., Thornton,
CO). Computer recordings were manually
reevaluated for verification. Apnea was defined
as a cessation of airflow lasting more than 10 s
and hypopnea as �30% reduction of airflow with
�4% desaturation, lasting for more than 10 s.

The study population was stratified by AHI,
based on the American Academy of Sleep Medi-
cine Clinical Practice Guideline (Kapur et al.
2017). There were 26 patients with AHI < 5
episodes/h of sleep, who were judged OSA nega-
tive (OSA-0); another 26 patients with mild OSA
of AHI 5–15/h (OSA-1); 27 with moderate OSA
of AHI 16–30/h (OSA-2); and another 27 with
severe OSA of AHI > 30/h (OSA-3).

After clinical examination a set of fasting blood
tests were performed. A complete blood count was
measured using the Advia 2120i analyzer (Sie-
mens Healthcare Diagnostics; Deerfield, IL). Oral
glucose tolerance test (OGTT), including fasting
(G-00) and 120-min glycemia (G-1200), was carried
out if there were no contraindications. Total cho-
lesterol (T-C), HDL-cholesterol (HDL-C),
LDL-cholesterol (LDL-C), triglycerides (TAG),
high-sensitivity C-reactive protein (hsCRP), as
well as glucose concentrations were measured
using Dimension Xpand Plus Systems (Siemens
Healthcare Diagnostics; Deerfield, IL). The
patients with the white blood cell count
(WBC) < 9.00 � 109/l, hsCRP < 8.00 mg/l and
with normal glucose tolerance were enrolled.

Total antioxidant status (TAS) was assessed
by the colorimetric method using Randox
Reagent Kit (Randox Laboratories; Crumlin,
UK) and Statfaxtm 1904 Plus spectrophotometer
(Awareness Technology; Pal City, FL). The intra-
and inter-assay coefficients of variation
(CV) were 1.5% and 3.8%, respectively. The
thiobarbituric acid-reacting substances (TBARS)
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– interpreted as products of lipid peroxidation in
plasma (Youseff et al. 2014) – were measured by
a colorimetric method using Sigma-Aldrich
(St. Louis, MO) reagents and a Specord M40
spectrophotometer (Zeiss-Analytik Jena AG;
Jena, Germany). The intra- and inter-assay CV
were 1.8% and 3.7%, respectively.

Data were expressed as medians with
interquartile ranges (25–75%). The Shapiro-Wilk
test was used to check the normality of data distri-
bution in the groups studied and consequently
non-parametric tests were used in further analysis.
Inter-group differences were compared with the
analysis of variance by the Kruskal-Wallis test
and post hoc multiple comparisons by the Dunn
test. Correlations were assessed using the critical
values adopted by Spearman. Multiple regression
analysis was conducted for relevant variables. A
p-value p < 0.05 was taken as an indicator of
statistical significance of differences. The analysis
was performed using a commercial statistical pack-
age of Statistica v10.0 (StatSoft; Tulsa, OK).

3 Results

3.1 Patients Characteristics

Clinical and laboratory characteristics of the OSA
subgroups and relevant comparisons among them
are shown in Table 1. Results of multiple com-
parison are indicated in the text below, whenever
appropriate. By definition, the groups differed in
the AHI and ESS values. The patients presented a
comparable BMI (28.6–31.6 kg/m2). However, a
tendency for increased neck and waist circumfer-
ence became significant between OSA-1 –OSA-2
and OSA-2 – OSA-3 (p ¼ 0.034 and p ¼ 0.003,
respectively). There were significant increases in
blood glucose and hsCRP, along with decreases
in HDL-C, in OSA-3 compared to OSA-0 (G-00

p¼ 0.014, hsCRP p¼ 0.020, HDL-C; p¼ 0.006)
and to OSA-1 (hsCRP p ¼ 0.014, HDL-C;
p ¼ 0.021).

Table 1 Clinical and laboratory characteristics of patients in the successive subgroups of obstructive sleep apnea (OSA)
severity and the overall significance of intra-group differences

OSA-0 (n ¼ 26) OSA-1 (n ¼ 26) OSA-2 (n ¼ 27) OSA-3 (n ¼ 27) Significance

AHI (events/h) 2.2 (1.5–3.4) 7.8 (7.1–11.1) 21.0 (17.0–26.0) 49.6 (36.9–65.4) By definition
Age (years) 53.5 (46.0–59.0) 53.0 (43.0–58.0) 54.0 (51.0–58.0) 54.0 (41.0–60.0) ns
ESS (points) 4.0 (2.0–6.0) 4.5 (4.0–6.0) 9.0 (5.0–11.0) 10.0 (6.0–12.0) p < 0.0001
BMI (kg/m2) 28.6 (26.3–32.5) 28.8 (27.0–32.3) 30.1 (27.3–32.2) 31.6 (28.1–35.9) ns
Waist (cm) 100 (94–108) 100 (92–110) 104 (96–110) 108 (100–118) p ¼ 0.022
Neck (cm) 42 (41–43) 41 (40–43) 42 (41–44) 44 (42–46) p ¼ 0.005
SBP (mmHg) 130 (120–140) 130 (120–140) 130 (130–140) 130 (130–135) ns
DBP (mmHg) 80 (80–90) 80 (80–90) 80 (80–90) 80 (80–85) ns
G-00 (mmol/l) 5.1 (4.9–5.3) 5.1 (4.9–5.5) 5.3 (5.1–5.5) 5.4 (5.2–5.6) p ¼ 0.017
G-1200 (mmol/l) 6.2 (5.7–6.9) 5.9 (5.3–6.3) 5.9 (5.5–7.1) 6.5 (5.7–6.9) ns
T-C (mmol/l) 5.0 (4.2–5.60) 5.3 (4.5–6.1) 5.3 (4.7–5.9) 5.2 (4.5–6.1) ns
TAG (mmol/l) 1.7 (1.1–1.9) 1.3 (1.0–1.8) 1.7 (0.8–2.2) 1.5 (1.1–2.3) ns
HDL-C (mmol/l) 1.3 (1.1–1.4) 1.2 (1.0–1.5) 1.2 (1.0–1.3) 1.0 (0.9–1.1) p ¼ 0.004
LDL-C (mmol/l) 2.9 (2.4–3.3) 3.4 (2.5–4.0) 3.3 (2.8–3.9) 3.4 (2.3–4.0) ns
Non-HDL-C (mmol/l) 3.6 (2.9–4.6) 4.1 (3.1–4.7) 3.8 (3.5–5.0) 4.1 (3.3–5.0) ns
WBC (109/l) 6.3 (5.6–7.3) 6.2 (5.6–6.9) 6.8 (5.3–7.3) 7.2 (6.1–7.8) ns
hsCRP (mg/l) 2.0 (1.1–2.7) 1.9 (0.6–3.1) 2.8 (1.5–4.8) 3.4 (1.7–5.0) p ¼ 0.003

Data are presented as medians (interquartile range); ns non-significant, AHI apnea/hypopnea index, BMI body mass
index, ESS Epworth’s sleepiness scale, SBP systolic blood pressure,DBP diastolic blood pressure,G-00 fasting glycemia,
G-1200 120-minute glycemia during oral glucose tolerance test, T-C total cholesterol, TAG triglycerides, HDL-C high
density lipoprotein-cholesterol, LDL-C low density lipoprotein-cholesterol, non-HDL-C non-high density lipoprotein-
cholesterol, WBC white blood cells, hsCRP high sensitivity C-reactive protein; p-value for Kruskal-Wallis test
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3.2 Oxidative Stress Markers

TAS decreased from OSA-0 to OSA-3 (Fig. 1),
with the following post-hoc inter-group differences:
OSA-0 vs. OSA-1 (p ¼ 0.008), OSA-0 vs. OSA-2
(p < 0.0001), OSA-0 vs. OSA-3 (p < 0.0001),
OSA-1 vs. OSA-3 (p ¼ 0.023). On the other side,
TBARS increased in successive subgroups of OSA
severity (Fig. 2): OSA-0 vs. OSA-2,

OSA-0 vs. OSA-3, OSA-1 vs. OSA-2,
OSA-1 vs. OSA-3 (p < 0.0001 for all). Accordingly,
TAS/TBARS ratio significantly decreased with the
severity of OSA (Fig. 3).

Taking into account all of the OSA patients
(n ¼ 80), we noticed a weak-to-moderate adverse
relationship between the TAS content, on the one
side, and neck and waist circumference, ESS, and
AHI, on the other side. In contradistinction, there
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status (TAS) in the
successive subgroups of
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(OSA) severity; OSA-0,
disease negative patients,
OSA-1, AHI 5–15/h, OSA-
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was a moderate-to-strong positive relationship
between the TBARS content and ESS, BMI,
neck and waist circumference, and AHI. In the
OSA-0 group (non-OSA patients), systolic blood
pressure was the only factor adversely related to
TAS, while neck and waist circumference, BMI,
and hsCRP were positively related to TBARS. In
OSA-1 group, more factors, including the anthro-
pometric features and SBP and DBP, positively
related to TBARS, while AHI and ESS adversely
related to TAS. Relations between TAS and
TBARS and the afore-mentioned factors were
rather irregular in more advanced stages of OSA.

The TAS/TBARS ratio could be proposed as
an expression of a final antioxidant/oxidant bal-
ance in blood plasma. This balance was tilted
toward TBARS with increasing severity of OSA
and TBARS determined the ratio to a large extent
in each OSA group investigated. An unfavorable
relationship was noticed between oxidative stress
markers and the severity of sleep apnea,
expressed by AHI and clinical signs of the dis-
ease, which included a decrease in TAS and an
increase in TBARS (Table 2).

Multiple regression analysis was used to
assess to what extent the OSA-related variables
could independently influence the oxidative stress
markers. Details are presented in Table 3. The
ESS contributed to about 25% of plasma TAS
variability in OSA-1 and neck circumference to

37% of TAS variability in OSA-2. Taking into
account all OSA patients (OSA-1, 2, 3), increased
AHI contributed to 26% of a decrease in TAS.
The BMI and waist circumference contributed to
almost 81% of TBARS variability in non-OSA
patients, and BMI still affected 51% of TBARS
variability OSA-1 group. Likewise, AHI strongly
associated with TBARS, contributing to about
85% of its variability in OSA-3 patients. Finally,
BMI affected, in an adverse manner, 63% of
TAS/TBARS ratio variability in non-OSA
persons. In OSA-2 and OSA-3 patients, it was
the AHI that contributed to TAS/TBARS
variability the most; by 40% and 70%, respec-
tively. To sum up, in normoglycemic non-OSA
and mild OSA patients, excess body mass was a
key factor affecting TBARS, while in severe
OSA, the AHI contributed to TBARS and
TAS/TBARS ratio changes, independently from
other factors.

4 Discussion

Oxidative stress plays a role in the development
of a spate of disorders, notably vasculopathies,
including ischemic heart disease, hypertension,
arrhythmias and chronic heart failure, all of
which result from the activation of inflammatory
pathways, endothelial dysfunction, and
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Fig. 3 Total antioxidant
status (TAS)/thiobarbituric
acid-reacting substances
(TBARS) ratio in the
successive subgroups of
obstructive sleep apnea
(OSA) severity; OSA-0,
disease negative patients,
OSA-1, AHI 5–15/h, OSA-
2, AHI 16–30/h, OSA-3,
AHI > 30/h; Min,
minimum; Max, maximum;
25%–75%, interquartile
range; p < 0.0001, Kruskal-
Wallis test

Oxidative Stress Markers and Severity of Obstructive Sleep Apnea 31



consequently atherosclerosis (Griendling and
FitzGerald 2003). Oxidative stress and systemic
inflammation also are recognized as the funda-
mental mechanisms underlying cardiovascular
morbidity and in OSA. According to Lavie and
Lavie (2009) at least 50% of OSA patients are
hypertensive and 10–15% have other cardiovas-
cular disorders. The incidence of both fatal and
non-fatal cardiovascular events in OSA is much

greater than that in other patient populations
(Marin et al. 2005, Robinson et al. 2004). Cardio-
vascular sequelae of OSA are underlain by
increased sympathetic tone, hypertension,
pro-inflammatory cytokine production, and meta-
bolic dysregulation (Somers et al. 2008). Lavie
(2009) has reported that OSA patients, even with-
out any cardiovascular symptoms exhibit subclin-
ical signs of arteriosclerosis such as increased

Table 2 Relationships of the oxidative stress markers
(total antioxidant status – TAS, thiobarbituric acid-
reacting substances – TBARS, and TAS/TBARS ratio)
with clinical and biochemical patient characteristics in
the successive subgroups of obstructive sleep apnea

(OSA) severity: OSA-0, disease negative patients, OSA-1,
AHI 5–15/h, OSA-2, AHI 16–30, OSA-3, AHI > 30/h,
described by Spearman’s correlation coefficient and
included in the table if significant (p < 0.05) at least in
one of the study subgroups

OSA-
0 (n ¼ 26)

OSA-1
(n ¼ 26)

OSA-
2 (n ¼ 27)

OSA-3
(n ¼ 27)

OSA-1, 2, 3
(n ¼ 80)

All patients
(n ¼ 106)

TAS vs.
AHI ns �0.398 ns ns �0.416 �0.632
ESS ns �0.532 �0.397 ns �0.316 �0.401
Waist ns ns ns ns �0.231 �0.212
Neck ns ns �0.574 ns �0.373 �0.290
SBP �0.403 ns ns ns ns ns
TBARS ns ns ns ns �0.383 �0.514
TAS/

TBARS
ns ns 0.787 0.656 0.597 0.699

TBARS vs.
AHI ns ns 0.537 0.949 0.779 0.803
ESS ns ns ns ns 0.359 0.460
BMI 0.888 0.721 ns ns 0.371 0.461
Waist 0.754 0.476 ns ns 0.393 0.458
Neck 0.436 0.403 ns 0.447 0.497 0.436
SBP ns 0.421 ns ns ns 0.244
DBP ns 0.514 ns ns ns ns
HDL-C ns ns ns ns ns �0.297
hsCRP 0.603 ns ns ns ns 0.298
TAS/

TBARS
�0.942 �0.942 �0.845 �0.915 �0.951 �0.961

TAS/TBARS vs.
AHI ns ns �0.538 �0.838 �0.804 �0.848
ESS ns ns ns ns �0.383 �0.476
BMI �0.832 �0.621 �0.411 ns �0.367 �0.427
Waist �0.659 ns �0.443 ns �0.422 �0.445
Neck �0.448 ns �0.410 �0.503 �0.542 �0.445
SBP ns ns ns ns ns �0.266
DBP ns �0.454 ns ns ns ns
HDL-C ns ns ns �0.405 ns 0.290
hsCRP �0.679 ns ns ns �0.226 �0.310

AHI apnea/hypopnea index, ESS Epworth sleepiness scale, Waist waist circumference, Neck neck circumference, BMI
body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HDL-C high density lipoprotein-
cholesterol, hsCRP high sensitivity C-reactive protein, ns nonsignificant
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intima-media thickness and arterial plaque forma-
tion. McNicholas et al. (2007) have reported that
OSA is a significant and independent risk factor
of all cerebrovascular and cardiovascular events
and that CPAP therapy reduces cardiovascular
morbidity and mortality to the level present in
the general population.

Dyugovskaya et al. (2002) have reported an
increased production of reactive oxygen species
(ROS) in leukocytes of patients with OSA.
Hypoxia-reoxygenation cycles generate overabun-
dance of ROS, shifting the redox balance toward
the oxidative side, which is conducive to inflam-
mation. Another consequence of increased ROS
production is enhanced oxidation of lipids. In the
present study we found an increase in lipid peroxi-
dation products with increasing severity of OSA,
as evidenced by a higher level of TBARS, which is

in line with previous studies on the subject (Lavie
and Lavie 2009; Barceló et al. 2000). Hopps et al.
(2014) have reported that the incidence of cardio-
vascular episodes is associated with the severity
stage of OSA, which we found in this study, is
paralleled by a steady decrease in the TAS/TBARS
index, i.e., a shift to the oxidative state. TBARS, a
denominator in this ratio and an accepted, albeit
indirect, measure of the intensity of oxidative
stress leading to atherogenic events, was a predom-
inant determinant of the decrease. This finding is in
line with those studies that show mutual increases
in TBARS content and AHI severity in untreated
OSA patients (Hopps et al. 2014; Barceló et al.
2000) or decreases in response to CPAP treatment
(Celec 2012; Barceló et al. 2006). The issue of
TBARS changes in OSA is somehow contentious
as there are studies contradicting any appreciable

Table 3 Multivariable regression analysis involving each
oxidative stress marker (total antioxidant status – TAS,
thiobarbituric acid-reacting substances – TBARS, and
TAS/TBARS ratio) as an outcome variable and clinical
and biochemical patient characteristics as predictor
variables in the successive subgroups of obstructive sleep

apnea (OSA) severity: OSA-0, disease negative patients,
OSA-1, AHI 5–15/h, OSA-2, AHI 16–30/h, OSA-3, AHI >
30/h. Variables described with the b coefficient signifi-
cantly correlated, independently from the other variables,
with a given stress marker

Outcome
variable OSA-0 (n ¼ 26) OSA-1 (n ¼ 26) OSA-2 (n ¼ 27) OSA-3 (n ¼ 27)

OSA-1, 2, 3
(n ¼ 80)

TAS n/a p ¼ 0.013 for:
AHI
ESS (β ¼ �0.490;

R2 ¼ 0.255)

p ¼ 0.004 for:
ESS
Neck (β ¼ �0.530;

R2 ¼ 0.374)

n/a p ¼ 0.0001 for:
AHI (β ¼ �0.330;

R2 ¼ 0.259)
ESS
Waist
Neck

TBARS p < 0.0001 for:
BMI (β ¼ 0.571;

R2 ¼ 0.809)
Waist (β ¼ 0.421;

R2 ¼ 0.809)
Neck
hsCRP

p ¼ 0.001 for:
BMI (β ¼ 0.572;

R2 ¼ 0.507)
Waist
Neck
SBP
DBP

n/a p < 0.0001 for:
AHI (β ¼ 0.981;

R2 ¼ 0.845),
Neck

p < 0.0001 for:
BMI
Waist
Neck
ESS (β ¼ 0.258;

R2 ¼ 0.298)

TAS/
TBARS

p ¼ 0.0002 for:
BMI (β ¼ �0.450;

R2 ¼ 0.629)
Waist
Neck
hsCRP

ns
BMI
DBP

p ¼ 0.019 for:
AHI (β ¼ �0.450;

R2 ¼ 0.400)
BMI
Waist
Neck

p < 0.0001 for:
AHI (β ¼ �0.740;

R2 ¼ 0.702)
Neck
HDL-C

p < 0.0001 for:
AHI (β ¼ �0.430;

R2 ¼ 0.276)
ESS
BMI
Waist
Neck
hsCRP

β, standardized beta coefficient indicating how strongly a predictor variable independently influences the outcome
variable, n/a, non-applicable, i.e., no variable was related to a given stress marker, AHI apnea/hypopnea index, ESS
Epworth sleepiness scale, Waist waist circumference, Neck neck circumference, BMI body mass index, SBP systolic
blood pressure, DBP diastolic blood pressure, HDL-C high density lipoprotein-cholesterol, hsCRP high sensitivity
C-reactive protein, ns nonsignificant
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changes of this indicator of lipid peroxidation in
OSA patients (Ntalapascha et al. 2012; Svatikova
et al. 2005). The divergent results spurred the
assessment of oxidative stress in OSA using alter-
native methods. Passali et al. (2015) have
investigated the content of non-protein bound
iron and isoprostanes and show that both are
increased in OSA versus non-OSA patients. Sales
et al. (2013) have reported that OSA patients have
lower levels of witamin E and superoxide
dismutase, but a higher level of homocysteine.
Baysal et al. (2012) have reported that the level
of ceruloplasmin and lipid peroxides also are
increased in OSA patients. Further, other studies
have pointed to a probable downturn in the
antioxidative capability, expressed in practice by
total antioxidant status in blood plasma (Erel
2004), present at the time of increased prooxidant
propensity in OSA patients (Cofta et al. 2008). In
the present study we confirmed the presence of a
significant decrease in TAS with increasing sever-
ity of OSA, expressed by increased AHI. We also
showed that AHI contributed to TAS/TBARS ratio
variability in 40% and 70% in moderate and severe
OSA, respectively.

In synopsis, decreasing TAS and increasing
TBARS plasma content correlated with increases
in OSA intensity and pointed to the atherogenic
risk profile. That leads to a conclusion that the
oxidative stress markers might play a favorable
role in the categorization of metabolic
characteristics of OSA, especially in relation to
OSA severity. These markers could complement
the assessment of a cardiovascular risk related to
OSA pathology.
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Abstract

Obstructive sleep apnea (OSA) is a common
breathing disorder affecting millions of people
worldwide. The disorder is connected with
serious consequences including hypertension,
myocardial infarction, arrhythmias, coronary
disease, cardiac insufficiency, stroke, transient

ischemic attack, and cognitive decline. Epide-
miological data assessing the prevalence of
OSA in different countries vary in methodol-
ogy, size, and characteristics of population
chosen and thus are hardly comparable.
There are very few reports on the prevalence
of OSA and on the diagnostic accuracy of
sleep questionnaires available in Poland. In
this report we present the analysis of the prev-
alence of, and risk factors for OSA in the
Polish adult population consisting of 613 com-
munity-based subjects (227 men and
386 women). The study was based on the
STOP-BANG questionnaire, a validated
Screening Tool for OSA in primary care. It is
a part of Polish subset of the Prospective
Urban Rural Epidemiology (PURE) study, an
ongoing population cohort study of
individuals from urban and rural communities
from 21 countries. We took into account age,
gender, body mass index (BMI), and antihy-
pertensive treatment. The findings are that
over one half of the Polish population
investigated had a moderate to high risk of
OSA (66.5% of men and 60.1% of women).
After the adjustments for age, gender, and
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BMI we noticed a dose-response relationship
between arterial blood pressure behavior and
OSA. The association was significant among
women, but not men. Based on previous stud-
ies we can assume that one half of this high
risk group would be further diagnosed for
OSA. This study, the first large scale screening
for OSA in Poland, shows a substantial, much
higher than previously appreciated, prevalence
of risk for OSA in the population at large.

Keywords

Adult population · Hypertension · Obstructive
sleep apnea · PURE study · Screening
questionnaire · Sleep-disordered breathing ·
STOP-BANG questionnaire

1 Introduction

Obstructive sleep apnea (OSA) syndrome is a
common breathing disorder affecting millions of
people around the world. It is associated with
serious consequences including arterial hyperten-
sion (HA), myocardial infarction, arrhythmias,
coronary disease, cardiac insufficiency, stroke,
transient ischemic attack, and cognitive disorders.
A link between OSA and obesity, which is
sharply on the rise in the developed countries,
makes the increasing prevalence of OSA more
probable, along with its health consequences at
both individual and societal levels.

The gold standard diagnostic test for OSA is
overnight polysomnography which assesses the
sleep stages, breathing pattern, blood oxygen sat-
uration, heart rate, and the body responses to
episodes of apnea or hypopnea. Although OSA
can be present without any clinical symptoms, in
most cases it is connected with clinical
manifestations, such as excessive daytime sleepi-
ness, decreased concentration, and unrefreshing
sleep and fatigue. These symptoms among other
factors are the basis for screening questionnaires.
A perfect screening test should be characterized
by high sensitivity (few false negative results) and
high specificity (few false positive results).
Although high sensitivity can be achieved, all of

the available questionnaires have limited specific-
ity (Kapur et al. 2017). The most commonly used
screening tools for OSA in clinical practice are:
Epworth Sleepiness Scale (ESS), Berlin Ques-
tionnaire (BQ), and STOP-BANG questionnaire.
The ESS is the oldest scale among those men-
tioned above, designed originally to measure the
general level of daytime sleepiness. It requires the
patient to estimate a likelihood of dozing in 8 dif-
ferent situations. A score greater than 10 points to
the probability of OSA. Sensitivity of ESS is
estimated at 54%, 47%, and 58% for mild, mod-
erate, and severe OSA and specificity at 65%,
62%, and 60%, respectively. The BQ consists of
11 questions grouped into three categories. The
first category includes five questions on snoring,
the second category includes three questions on
daytime sleepiness, and the third one includes one
question on the history of hypertension. In a large
meta-analysis, sensitivity and specificity of BQ,
depending on OSA severity, assessed from the
apnea-hypopnea index (AHI), are as follows:
AHI � 5 episodes/h – 76% and 59%, AHI � 15
episodes/h – 77% and 44%, and AHI� episodes/h
54% and 38%, respectively (Chiu et al. 2017). The
STOP-BANG questionnaire includes eight
dichotomous (yes/no) questions related to the
clinical features of sleep apnea (snoring, tiredness,
noticed apnea, high blood pressure, body mass
index (BMI), age, neck circumference, and male
gender). The total score ranges from 0 to 8. The
available data demonstrate a high sensitivity of
88% in detecting a low-grade OSA (AHI 5–15
episodes/h), 90% in moderate OSA (AHI 16–30
episodes/h), and 93% in severe OSA (AHI > 30
episodes/h). As compared with the other
questionnaires, the STOP-BANG has the highest
sensitivity. The corresponding specificities are
42%, 36%, and 35% (Boynton et al. 2013;
Chung et al. 2008).

The STOP-BANG questionnaire has been cho-
sen for our study whose main objective is to screen
for the symptoms of OSA, and therefore to assess
the potential prevalence of the disorder in Polish
subjects taking part in the Prospective Urban Rural
Epidemiology (PURE) study. The PURE study,
which has by now been conducted in 21 low-,
middle, and high-income countries examines the
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influence of societal factors on human lifestyle,
cardiovascular disorder risk, and the rate of non-
communicable diseases in both urban and rural
community inhabitants (Teo et al. 2009).

2 Methods

There were 613 subjects (227 men and
386 women) of the mean age of 59.8 � 8.8 years
(range 29–81 years) who participated in the PURE
study in Poland. The subjects were interviewed in
the home setting. Each of them underwent a medi-
cal examination followed by completion of STOP-
BANG questionnaire. The STOP-BANG score
was evaluated as a three-category variable: low
risk (0–2), medium risk (3–5), and high risk
(6–8), and additionally as high vs. low and
medium risks combined. All subjects had their
height and weight, and blood pressure readings
taken at the time of the interview. Blood pressure
of more than 130/90 and the use of antihyperten-
sive drugs defined hypertension.

Data were expressed as means �SD. Following
a descriptive analysis, the adjustments for age, gen-
der, and BMI were completed through multiple
logistic regression for binary outcomes (e.g., any
hypertension) and multiple linear regression for
continuous outcomes (e.g., blood pressure). A
p-values <0.05 defined statistically significant
changes. The analysis was performed using a com-
mercial statistical package of IBM SPSS Statistics
(Armonk, NY).

3 Results

Moderate risk of OSA was noticed in 92 (40.5%)
men and 179 (46.4%) women and high risk was in
59 men (26.0%) and 53 women (13.7%). The
mean score of STOP-BANG questionnaire for
the whole cohort of subjects was 4.0 � 0.9 and
6.5 � 0.6 in the moderate and high risk OSA
groups, respectively. The mean age of men was
akin to that of women in both moderate risk
(60.7 vs. 60.4, respectively) and high risk OSA
(61.6 vs. 61.2, respectively) groups. Likewise,
there were no significance inter-gender differences
in BMI in both moderate risk (26.9� 3.4 kg/m2 in
men vs. and 27.8 � 5.9 kg/m2 in in women) and
high risk OSA (30.0 � 4.7 kg/m2 in men and
31.1 � 6.8 in women kg/m2) groups (Table 1).
While the overall prevalence of hypertension was
47.6% in the whole cohort of subjects, as the
category risk of OSA increased in the STOP-
BANG scoring, so did the prevalence of hyperten-
sion; it was 25.3% for low, 48.0% for medium, and
68.5% for high risk (p < 0.001) (Fig. 1). The
association between the category risk of OSA
and the prevalence of hypertension remained sta-
tistically significant at p < 0.001 in the whole
cohort after adjustments for age, gender, and
BMI. In the analysis stratified by gender, the sig-
nificance of this association was sustained for
women (p < 0.001), but not for men (p ¼ 0.92).
To complement these results, similar patterns were
observed when considering the outcome of sys-
tolic blood pressure alone both in the whole cohort

Table 1 Basic demographics and arterial blood pressure in the population cohort screened for obstructive sleep apnea
(OSA), stratified by the category risk in the STOP-BANG questionnaire

Category of OSA
risk 0–2 (low risk) 3–5 (moderate risk) 6–8 (high risk)

Gender

Male Female Male Female Male Female

(n ¼ 76) (n ¼ 154) (n ¼ 92) (n ¼ 179) (n ¼ 59) (n ¼ 53)

Age (years) SD 56.8 � 9.0 58.1 � 8.9 60.7 � 9.4 60.4 � 7.2 62.6 � 7.6 61.2 � 6.4
BMI (kg/m2) 26.5 � 4.2 26.4 � 4.5 26.9 � 3.4 27.8 � 5.9 30.0 � 4.7 31.1 � 6.8
STOP-BANG score 1.3 � 0.8 1.4 � 0.7 4.1 � 0.5 3.9 � 0.5 6.5 � 0.7 6.5 � 0.6
Systolic pressure
(mmHg)

136.1 � 12.6 134.8 � 45.2 141.5 � 16.4 138.7 � 19.7 149.0 � 15.4 146.9 � 18.5

Diastolic pressure
(mmHg)

84.9 � 9.5 82.7 � 9.0 85.6 � 8.9 83.8 � 10.5 91.0 � 10.4 87.2 � 9.6

Data are means �SD
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and after stratification by gender through crude and
adjusted analyses. Although the prevalence of
hypertension significantly increased with increas-
ing categories of OSA risk, according to STOP-
BANG score, there were no significant inter-
categorical differences in the elevated arterial
blood pressure in the absolute terms (Table 1).

4 Discussion

This is the first large scale study using STOP-
BANG as a validated OSA screening tool in the
community-based population cohort in Poland.
The available epidemiological data assessing the
prevalence of OSA in different countries vary in
the methodology, size, and characteristics of group
chosen and thus are hardly comparable. Sensitivity
of STOP-BANG for scores 3 and above is
estimated at about 88% for detecting mild OSA,
90% for moderate OSA, and over 93% for severe
OSA (Chiu et al. 2017). In the American popula-
tion, Peppard et al. (2013) have estimated the
incidence of moderate-to-severe OSA (AHI �15)
at 17% among 50–70-year-old men and 9% among
50–70-year-old women. In Poland there are very
few reports available on the prevalence of OSA or
on the diagnostic accuracy of sleep questionnaires.
In a population study on the incidence of OSA
among the inhabitants of Warsaw, 676 subjects
underwent polysomnography. The mean age of
the subjects was 56.6 � 8.2 years. OSA (AHI

> 5) was diagnosed in 36.5% of men and 18.5%
of women. However, when for the cut-off AHI was
taken as >10, the incidence was 19.8% of men and
8.5 of women (Pływaczewski et al. 2008). Kieł-
basa et al. (2016) analyzed 261 hypertensive
patients (130 women and 131 men) from the out-
patient Hypertension Clinic in Cracow. The risk of
OSA was evaluated on the basis of STOP-BANG
questionnaire. The score above 4 was considered a
suspicion of the OSA presence. Seventy three per-
cent of the patients were overweight, with BMI
above 25 kg/m2, and 61% also were diagnosed
with metabolic syndrome. About 50% of all
those patients scored more than 4 in the STOP-
BANG, but in a subgroup with metabolic syn-
drome the percentage was higher, reaching 55%
of patients.

The association between hypertension and
OSA has been repeatedly documented. The inci-
dence of OSA in hypertensive patients is estimated
at up to 30–50%, but it can be even greater as OSA
is often underdiagnosed (Ahmad et al. 2017). The
prevalence of hypertension is growing along with
the severity of OSA. In a study of Lavie et al.
(2000), 53% of patients with severe OSA had
hypertension as compared to 46% of those with
moderate OSA. In patients suffering from resistant
hypertension, the prevalence is even greater,
reaching 83% in a study of Logan et al. (2001)
performed in 41 patients. In the RESIST-POL
study in Poland, 204 patients with resistant hyper-
tension (daytime mean blood pressure > 135/85

Fig. 1 Prevalence of
arterial blood hypertension
by the STOP-BANG
category risk for obstructive
sleep apnea in the
population cohort
investigated; p < 0.001 for
inter-group differnces
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mmHg) have been evaluated for OSA, renal artery
stenosis, primary aldosteronism, and other second-
ary forms of hypertension. Mild OSA was present
in 27.0%, moderate in 18.6%, and severe in 26.5%
patients (Florczak et al. 2013). Risk factors for
OSA and hypertension often are mutually
overlapping, e.g., male gender, older age, or
increased BMI. Nonetheless, epidemiological
studies show divergent results regarding the asso-
ciation between OSA and hypertension. In the
Wisconsin Sleep Cohort Study patients with AHI
5–15/h and those with AHI >15/h had the odds
ratio of having hypertension twofold and threefold
greater, respectively, at 4-year-follow-up, com-
pared to those with no episodes of apnea or
hypopnea (Peppard et al. 2000). In contradistinc-
tion, the Vitoria Sleep Cohort study has shown no
significant association between OSA and the inci-
dence of hypertension (Cano-Pumarega et al.
2011). The divergent results can be partially
explained by some specific population
characteristics, such as age differences, which
also has been underlined in other studies. In youn-
ger patients (<60 years old), the link
OSA-hypertension is more pronounced, while in
patients older than 60 years of age, where isolated
systolic hypertension is more frequent, this link is
no longer that much significant (Haas et al. 2005;
Bixler et al. 2000).

5 Conclusions

Based on the present results, over one half of the
Polish adult population may be at moderate-to-
high risk of OSA (66.5% of men and 60.1% of
women). Low specificity of STOP-BANG ques-
tionnaire limits its predictive value as a screening
tool for OSA. All patients from moderate and
high risk groups should be referred to a sleep
laboratory, as polysomnography is routinely
indicated for the diagnosis of sleep related breath-
ing disorders. Based on the previous studies, we
can assume that one half of our high risk group
could be diagnosed with OSA. The results also
show that after the adjustments for age, gender,
and BMI there is a high pretest probability of
OSA coexisting with arterial blood hypertension

in a dose-response fashion. This association is
significant in women, but not men, which, how-
ever, may have to do with a large disproportion
between the number of women and men
participating in the study.
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Abstract

Behavioral cognitive therapy is recommended
for lung cancer-related pain. The aim of the
study was to analyze the strategies of coping
with pain in relation to the histological type of
lung cancer. The study included 257 lung can-
cer patients, divided into small cell lung carci-
noma (SCLC) group (n ¼ 72) and non-small
cell lung carcinoma (NSCLC) group
(n ¼ 185). Pain was evaluated on a visual
analog scale (VAS), while pain-coping
strategies with the Coping Strategies Ques-
tionnaire. The two groups differed concerning
the perception of pain – VAS score of
4.8 � 2.0 in SCLC vs. 4.2 � 2.0 in NSCLC

group (p ¼ 0.003). SCLC patients were less
likely to use the active coping strategies, such
as increasing behavioral activity
(13.6 � 7.0 vs. 16.9 � 6.9; p ¼ 0.001), and
pain control (2.5 � 1.2 vs. 3.4 � 1.2;
p < 0.001), and were lees able to decrease
pain (2.4 � 1.3 vs. 3.5 � 1.3; p < 0.001).
The most common pain-coping strategy in
SCLC was praying or hoping, while it
consisted of increased behavioral activity and
active coping in NSCLC. Correlation analysis
for coping strategies and pain intensity showed
a negative influence (increased pain) for the
following domains: diverting attention
(r ¼ 0.264, β ¼ 0.93); reinterpreting of pain
sensations (r ¼ 0.327, β ¼ 0.97);
catastrophizing (r¼ 0.383, β¼ 1.11); ignoring
pain sensations (r ¼ 0.306, β ¼ 0.93), praying
or hoping (r ¼ 0.220, β ¼ 0.76), coping self-
statements (r ¼ 0.358, β ¼ 1.10), and
increased behavioral activity (r ¼ 0.159,
β ¼ 0.57). For pain control (r ¼ �0.423,
β ¼ �0.27) and the ability to decrease pain
(r ¼ �0.359, β ¼ �0.27), a positive influence
(decreased pain) was found. The significant
independent determinants of pain perception
in the NSCLC group were: pain control strat-
egy (β ¼ �0.39) and coping self-statement
(β ¼ 0.72). We conclude that in NSCLC
patients both pain control and the ability to
decrease pain are the strategies which decrease
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the intensity of perceived pain. In contrast,
SCLC patients have no clear strategy for
pain-coping.

Keywords

Cognitive therapy · Coping with pain ·
Histology · Lung cancer · Pain control

1 Introduction

Lung cancer is classified according to histological
type, which plays a crucial role for therapy and
for the anticipation of long-term results. There are
two main types of lung cancer. Small-cell lung
cancer (SCLC), which represents fast growth,
high malignancy, early dissemination, and an
advanced disease at the diagnosis in the majority
of the patients (70%). This type of lung cancer is
not suitable for surgery and only 12–25% of cases
are treated with chemo-radiotherapy (Travis et al.
1995). The other type is non-small-cell lung can-
cer (NSCLC) which constitutes about 80% of all
cases and which is the predominant cause of death
from lung cancer worldwide, approx. 1,370,000 a
year (Chouaid et al. 2013). NSCLC is treated
mainly with surgery and radiotherapy, but rarely
with chemotherapy.

Recently, patients with lung cancer are treated
much more often than it was feasible two or more
decades ago. Treatment decisions often take into
account specific histologic and genetic
characteristics of a tumor. Yet the improvement
in five-year survival has not been achieved. The
quality of life has become the essential endpoint
in the evaluation of therapy. Mood and strategies
for coping with negative emotions are the factors
being evaluated in oncological patients. The life
experience of patients and their sensitivity to
stimuli affect the perception of disease and its
symptoms. The ability of coping with cancer
may underlie variability in the patient’s percep-
tion of information, symptoms, and therapy
(Chabowski et al. 2018). This ability of coping
has been considered a trait acquired at an early
period of the disease. Antonovsky (1979) defines

the coping ability/sense of coherence as “global
orientation that expresses the extent to which one
has a pervasive, enduring though dynamic feeling
of confidence that the stimuli deriving from one’s
internal and external environments in the course
of living are structured, predictable, and
explicable”.

In 1979, the International Association for the
Study of Pain and the Taxonomy Working Group
(1986) defined the pain as “an unpleasant sensory
and emotional experience associated with actual
or potential tissue damage, or described in terms
of such damage”. Each individual percepts the
pain stimulus in a subjective and unique way.
The psychological response to pain are anxiety
and fear. Pain is the commonest symptom of a
neoplastic disease. It occurs in 25–50% of
patients with lung cancer as a result of the pleura
or thoracic wall invasion, pulmonary embolism,
or pneumonia. Pain might be caused by the diag-
nostic and treatment procedures or might be
connected with some symptoms such as fatigue
and depression. The intensity of pain depends on
the type of cancer, its histological features, its
localization, treatment method, and co-existing
diseases. There are only a few papers focusing
on the association between the intensity of pain
and psychological and emotional factors
(Simmons et al. 2012). Due to a multifactorial
origin of pain, a multidisciplinary approach for
its treatment is needed.

A strategy of coping with pain is an important
element of its effective treatment. It refers to the
way which individuals, who experiences pain,
develop to tolerate, minimize, or reduce pain
(Jensen et al. 1991). The influence of the coping
style with pain and adjustments to it are believed
to be crucial. However, some cognitive strategies,
such as “catastrophizing” or “praying or hoping”
may be maladaptive and strongly associated with
poor adjustment and unfavorable results. Taking
into account the pain-coping strategy may con-
tribute to the understanding of pain determinants
and their influence on the patient’s attitude toward
both disease and therapy. Therefore, this study
was undertaken to define the pain-coping
strategies depending on the histological type and
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treatment method in patients with lung cancer.
We attempted to show a possible association
between the intensity of pain and the coping
strategy. The following two hypotheses were
made: (1) negative pain-coping strategies would
predominate in patients with lung cancer regard-
less of its histological type and (2) positive pain-
coping would decrease pain intensity.

2 Methods

2.1 Patients

The study group consisted of 257 patients
(115 women and 142 men; mean age
63.2 � 9.4). They were divided according to his-
tologic subtype into small cell lung carcinoma
(SCLC) (n ¼ 72; mean age 64.1 � 8.8, range
31–81 years) and non-small cell lung carcinoma
(NSCLC) (n ¼ 185; mean age 62.8 � 9.6, range
25–87 years) with. All patients were treated in the
Lower Silesian Centre for Pulmonary Diseases in
Wroclaw, Poland, between January and December
2015. Patients filled out the questionnaire. The
sociodemographic data were obtained from medi-
cal files.

Inclusion criteria were as follows:

• pathological and firm diagnosis of lung cancer
• age > 18 years
• agreement for participation in the study
• understanding of the questions in the

questionnaire

Patients with serious co-morbidities, which
could disturb the perception of one’s health, such
as another neoplasm, cardiac failure, severe COPD
or asthma, cardiovascular instability, and cognitive
impairment, were excluded from the study.

2.2 Measurement Tools

The survey method was used in the study. All
patients received questionnaires, along with writ-
ten information on the study and anonymity of
responses. Sociodemographic data on gender,

age, marital status, education, and livelihoods
were collected. Then, patients completed the
questionnaires with the assistance of an
investigator.

Pain Coping Strategies Questionnaire (CSQ)
This is a 48-item tool developed by Rosenstiel
and Keefe (1983), with later modifications
(Swartzman et al. 1994), which was used in a
Polish adaptation by Juczynski (2001). The ques-
tionnaire contains 48 items related to six cogni-
tive types of coping strategies: diverting attention
(“I do something I enjoy, such as watching TV or
listening to music”); reinterpreting pain
sensations (“I imagine that the pain is outside of
my body”); catastrophizing (“It is terrible and I
feel it is never going to get any better”); ignoring
pain sensations (“I do not think about the pain”);
praying or hoping (“I pray for the pain to stop”);
coping self-statements (“I see it as a challenge and
do not let it bother me”), and two behavioral
strategies: increasing activity level and increasing
pain behaviors (“I do anything to get my mind off
the pain”). The questionnaire ends up with two
items that concern the perceived effectiveness of
coping: control over pain and the ability to
decrease pain. The strategies above outlined are
grouped into three scales: active and generally
adaptive coping (reinterpreting pain sensations,
coping self-statements, and ignoring pain
sensations); distancing from pain (diverting atten-
tion and increasing activity level); and passive
and maladaptive coping (catastrophizing and
praying or hoping). Patients rate the frequency
of their use of a specific strategies on a seven-
point Likert-type scale ranging from 0 “never” to
6 “always”. Each domain is scored separately,
with a higher score indicating a greater use.
Standardized Cronbach’s α coefficient ranges
from 0.63 (diverting attention) to 0.82
(catastrophizing, coping self-statements),
indicating an acceptable reliability of the
questionnaire.

Zubrod/ECOG (Eastern Cooperative Oncology
Group) Performance Status Scale This scale,
was published by Oken et al. (1982), marks a
functional status of oncological patients, ranging
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from fully functional – 0 points to disability and
confinement to bed/chair – 5 points. The intensity
of pain was measured on a 10-point visual analog
scale (VAS). The score ranges from 0 to
10 depending on the severity of pain, with the
extreme points marking “no pain” and “the worst
possible pain” (Hawker et al. 2011).

2.3 Statistical Evaluation

Data were expressed as means �SD and medians
in case of non-normal distribution, which was
checked with the Kolmogorov-Smirnov test.
Differences between the SCLC and NSCLC
groups was tested with Student’s t-test. In case
of non-normal distribution of data, the Mann–
Whitney U test was used. Pearson’s chi-squared
test (χ2) was applied to sets of ordinal or categor-
ical data to evaluate statistical differences
between them. A p-value <0.05 defined statisti-
cally significant differences.

3 Results

3.1 Sociodemographic Features
of Small Cell Lung Cancer (SCLC)
and Non-Small Cell Lung Cancer
(NSCLC) Patients

There were no significant differences in the
sociodemographic features between the SCLC
and NSCLC patients. The majority of patients
lived in urban areas (69.9%), had vocational
(45.9%) or high school education (33.5%), and
were pensioners (70.4%). The families of 61.9%
patients with lung cancer were free from other
cancer diseases (Table 1).

3.2 Clinical Features in Small Cell
Lung Cancer (SCLC) and Non-
small Cell Lung Cancer (NSCLC)
Patients

There were differences between SCLC and
NSCLC groups concerning the involvement of
regional lymph nodes (N) and distant metastases

Table 1 Sociodemographic features of small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) patients

Variable Total

Histological type

SCLC vs. NSCLCSCLC NSCLC

Patient counts; n (%) 257 72 (28) 185 (72) p-value
Age (year) 0.357
Mean � SD 63.2 � 9.4 64.1 � 8.8 62.8 � 9.6
Min–Max 25–87 31–81 25–87

Place of living; n (%) 0.160
Urban area 179 (69.6) 45 (62.5) 134 (72.4)
Rural area 78 (30.4) 27 (37.5) 51 (27.6)

Source of income n (%) 0.264
Permanent job 68 (26.5) 14 (19.4) 54 (29.2)
Pension/Retirement pension/Dole 181 (70.4) 56 (77.8) 125 (67.6)
Relative-dependent 8 (3.1) 2 (2.8) 6 (3.2)

Education; n (%) 0.054
Primary 29 (11.3) 14 (19.4) 15 (8.1)
Vocational 118 (45.9) 28 (38.9) 90 (48.6)
Secondary 86 (33.5) 25 (34.7) 61 (33.0)
Higher 24 (9.3) 5 (6.9) 19 (10.3)

Cancer in family; n (%) 0.990
Yes 98 (38.1) 28 (38.9) 70 (37.8)
No 159 (61.9) 44 (61.1) 115 (62.2)
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(M) (Travis et al. 2015). In the NSCLC group,
mediastinal lymph nodes (N0) were involved sig-
nificantly less often (36.8% vs. 26.4% in SCLC;
p ¼ 0.015) whereas in the SCLC group, ipsilateral
mediastinal (N2) (33.3% vs. 28.1% in NSCLC;
p ¼ 0.015), or contralateral mediastinal, or
supraclavicular lymph nodes (N3) (6.9% vs 5.9%
in NSCLC; p ¼ 0.015) were involved significantly
more often. Likewise, in the NSCLC group, distant
metastases was revealed less often
(M0) (69.2% vs. 44.4% in SCLC; p ¼ 0.004),
whereas in the SCLC group, metastases in the
chest (M1) (27.8% vs. 18.4% in NSCLC;
p ¼ 0.004) or outside of the chest
(M2) (4.2% vs. 2.2% in NSCLC; p ¼ 0.004) or
of unknown localization (Mx) (22.2% vs. 9.2% in
NSCLC; p ¼ 0.004) were more often confirmed.
Patients with SCLC had more often metastases to
liver (29.2% vs. 9.2% in NSCLC; p < 0.001), were
more often admitted to the hospital
(2.7 � 2.7 vs. 1.0 � 1.7 in NSCLC; p < 0.001),
and more often smoked cigarettes
(55.6% vs. 37.3% in NSCLC; p ¼ 0.005). As
regards the symptoms, there were no significant
differences. Chronic cough (90.3% vs. 80.5%;
p ¼ 0.091), dyspnea (73.6% vs. 61.6%,
p ¼ 0.096), and chest pain (54.2% vs. 40.0%;
p ¼ 0.056) were most often revealed in the SCLC
and NSCLC groups, respectively (Table 2).

As regards the methods of treatment, SCLC
patients less often underwent surgery, but more
often had chemotherapy and supportive care
(26.4% vs. 8.6%; p < 0.001). They also had
significantly worse forced expiratory volume in
1 s (FEV1) and forced vital capacity (FVC), and
had more intense pain measured by on VAS,
compared with NSCLC patients. There were no
appreciable differences in performance status
between the two groups of patients. Detailed
values are displayed in Table 3.

3.3 Strategies for Coping with Pain
in Small Cell Lung Cancer (SCLC)
and Non-small Cell Lung Cancer
(NSCLC) Patients

The SCLC patients scored lower on CSQ. They
used less often the positively connoted strategies

such as increasing behavioral activity, pain con-
trol, and the ability to decrease pain perception.
On the other side, they more often than the
NSCLC patients used the praying and hoping
strategy. Details of pain-coping strategies
displayed by both SCLC and NSCLC patients
are shown in Table 4.

3.3.1 Association Between Strategies
for Coping with Pain and Intensity
of Pain

The Entire Study Group – SCLC and NSCLC
Patients Combined (n ¼ 257) There were sig-
nificant associations between the strategies for
coping with pain and the intensity of pain in the
univariate and multivariate regression analyses.
The following domains: diverting attention
(r ¼ 0.264, β ¼ 0.93), reinterpreting of pain
sensations (r ¼ 0.327, β ¼ 0.97), catastrophizing
(r ¼ 0.383, β ¼ 1.11), ignoring pain sensations
(r ¼ 0.306, β ¼ 0.93), praying or hoping
(r ¼ 0.220, β ¼ 0.76), coping self-statements
(r ¼ 0.358, β ¼ 1.10), and increasing behavioral
activity (r ¼ 0.159, β ¼ 0.57) positively
associated with pain, meaning they increased
pain intensity. In contrast, the domains pointing
to the subject’s independent attitude, i.e., pain
control (r ¼ �0.423, β ¼ �0.27) and the ability
to decrease pain (r ¼ �0.359, β ¼ �0.27),
inversely associated with pain, meaning they
decreased pain intensity (Table 5).

Small Cell Lung Cancer (SCLC) Patients
(n ¼ 72) Significant associations between the
strategies for pain-coping and the intensity of
pain in the SCLC patients, which increase the
perception of pain, were revealed only in the
univariate regression analysis and concerned the
domains of reinterpreting of pain sensations
(r¼ 0.389), catastrophizing (r¼ 0.470), ignoring
pain sensations (r ¼ 0.314), and coping self-
statements (r ¼ 0.287). There was no inverse
association revealed, which could help decrease
pain intensity (Table 6).

Non-small Cell Lung Cancer (NSCLC) Patients
(n ¼ 185) In the univariate regression analysis,
all strategies coping with pain, except pain con-
trol and the ability to decrease pain, associated
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Table 2 Clinical features of small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) patients

Variable Total

Histological type

SCLC vs. NSCLCSCLC NSCLC

Patient counts; n (%) 257 72 (28) 185 (72) p-value
TNM: 0.357
T1 48 (18.7) 7 (9.7) 41 (22.2)
T2 86 (33.5) 10 (13.9) 76 (41.1)
T3 29 (11.3) 8 (11.1) 21 (11.4)
T4 90 (35.0) 44 (61.1) 46 (24.9)
Tx 2 (0.8) 0 (0.0) 2 (1.1)
N0 87 (33.9) 19 (26.4) 68 (36.8) 0.015
N1 52 (20.2) 10 (13.9) 42 (22.7)
N2 76 (29.6) 24 (33.3) 52 (28.1)
N3 16 (6.2) 5 (6.9) 11 (5.9)
Nx 24 (9.3) 13 (18.1) 11 (5.9)
M0 160 (62.3) 32 (44.4) 128 (69.2) 0.004
M1 54 (21.0) 20 (27.8) 34 (18.4)
M2 7 (2.7) 3 (4.2) 4 (2.2)
M3 1 (0.4) 0 (0.0) 1 (0.5)
Mx 33 (12.8) 16 (22.2) 17 (9.2)

Number of hospitalizations <0.001
Mean � SD 1.5 � 2.1 2.7 � 2.7 1.0 � 1.7
Range 0–11 0–11 0–11

Smoking habit 0.005
Yes 109 (42.4) 40 (55.6) 69 (37.3)
No, never 41 (16.0) 5 (6.9) 36 (19.5)
Quit smoking 91 (35.4) 20 (27.8) 71 (38.4)
Passive smoker 16 (6.2) 7 (9.7) 9 (4.9)

Chronic diseases
Diabetes 75 (29.2) 21 (29.2) 54 (29.2) 0.881
Ischemic heart disease 47 (18.3) 19 (26.4) 28 (15.1) 0.055
Renal insufficiency 11 (4.3) 5 (6.9) 6 (3.2) 0.330
Rheumatoid arthritis 14 (5.4) 10 (13.9) 4 (2.2) 0.001
Cardiac failure 59 (23.0) 23 (31.9) 36 (19.5) 0.049
Asthma/COPD 59 (23.0) 21 (29.2) 38 (20.5) 0.190

Metastases
No 156 (60.7) 35 (48.6) 121 (65.4) 0.020
Bone 18 (7.0) 8 (11.1) 10 (5.4) 0.181
Brain 16 (6.2) 8 (11.1) 8 (4.3) 0.083
Liver 38 (14.8) 21 (29.2) 17 (9.2) <0.001
Suprarenal 30 (11.7) 10 (13.9) 20 (10.8) 0.636
Multiple 20 (7.8) 4 (5.6) 16 (8.6) 0.604

Symptoms
Chronic cough 214 (83.3) 65 (90.3) 149 (80.5) 0.091
Dyspnea 167 (65.0) 53 (73.6) 114 (61.6) 0.096
Chest pain 113 (44.0) 39 (54.2) 74 (40.0) 0.056
Hemoptoe 76 (29.6) 19 (26.4) 57 (30.8) 0.585
Recurrent infections 65 (25.3) 13 (18.1) 52 (28.1) 0.132
Vena cava superior syndrome 7 (2.7) 3 (4.2) 4 (2.2) 0.404
Arrhythmia 14 (5.4) 7 (9.7) 7 (3.8) 0.115
Hoarseness 66 (25.7) 14 (19.4) 52 (28.1) 0.205
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Table 3 Treatment, pulmonary function, and performance of small cell lung cancer (SCLC) and non-small cell lung
cancer (NSCLC) patients

Variable Total

Histological type

SCLC vs. NSCLCSCLC NSCLC

Patient counts; n (%) 257 72 (28) 185 (72) p-value
Methods of treatment
Surgery 149 (58.0) 17 (23.6) 132 (71.4) <0.001
Radiotherapy 82 (31.9) 27 (37.5) 55 (29.7) 0.293
Chemotherapy 164 (63.8) 62 (86.1) 102 (55.1) <0.001
Supportive care 35 (13.6) 19 (26.4) 16 (8.6) <0.001

FEV1 (L) 0.014
Mean � SD 2.30 � 0.76 2.12 � 0.61 2.37 � 0.80

FVC (L) 0.005
Mean � SD 2.97 � 0.95 2.76 � 0.90 3.06 � 0.96

Pain intensity (VAS; score) 0.003
Mean � SD 4.3 � 2.0 4.8 � 2.0 4.2 � 2.0
Range 0–10 0–8 0–10

Performance status 0.282
0 – asymptomatic and fully active 47 (18.3) 13 (18.1) 34 (18.4)
1 – symptomatic but restricted in activity, able to

carry out light work
107 (41.6) 27 (37.5) 80 (43.2)

2 – all self-care but unable to carry out any work,
<50% in bed

87 (33.9) 26 (36.1) 61 (33.0)

3 – limited self-care, >50% in bed 12 (4.7) 3 (4.2) 9 (4.9)
4 – completely disabled, cannot carry on any

self-care
4 (1.6) 3 (4.2) 1 (0.5)

FEV1 forced expiratory volume in 1 s, FVC forced vital capacity; VAS, visual-analog scale

Table 4 Strategies for coping with pain assessed with the Coping Strategies Questionnaire (CSQ) in small cell lung
cancer (SCLC) and non-small cell lung cancer (NSCLC) patients

Pain-coping strategy

Histological type

p-value

SCLC NSCLC

n ¼ 72 n ¼ 185

Diverting attention 0.095
Mean � SD 14.9 � 7.1 16.6 � 7.0
Median (Q1; Q3) 15 (10; 20) 18 (12; 21)

Reinterpreting of pain sensations 0.484
Mean � SD 12.7 � 5.5 13.1 � 6.1
Median (Q1; Q3) 13 (9; 17) 15 (9; 17)

Catastrophizing 0.074
Mean � SD 14.1 � 5.8 12.9 � 5.7
Median (Q1; Q3) 15 (11; 19) 14 (9; 17)

Ignoring pain sensations 0.439
Mean � SD 12.4 � 6.4 13.2 � 6.0
Median (Q1; Q3) 14 (7; 17) 14 (9; 16)

Praying or hoping 0.005
Mean � SD 19.4 � 6.3 16.5 � 6.9
Median (Q1; Q3) 20 (15; 25) 17 (13; 22)

Coping self-statements 0.134
Mean � SD 14.6 � 5.4 15.6 � 6.4
Median (Q1; Q3) 15 (11; 19) 17 (12; 20)

(continued)
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Table 4 (continued)

Pain-coping strategy

Histological type

p-value

SCLC NSCLC

n ¼ 72 n ¼ 185

Increasing behavioral activity 0.001
M � SD 13.6 � 7.0 16.9 � 6.9
Median (Q1; Q3) 16 (7; 19) 18 (14; 21)

Pain control <0.001
M � SD 2.5 � 1.2 3.4 � 1.2
Median (Q1; Q3) 3 (2; 3) 3 (3; 4)

Ability to decrease pain <0.001
Mean � SD 2.4 � 1.3 3.5 � 1.3
Median (Q1; Q3) 2 (2; 3) 3 (3; 4)

Table 5 Associations between pain intensity, assessed on visual analog scale (VAS), and strategies for coping with
pain, assessed with the Coping Strategies Questionnaire (CSQ), in the entire group of lung cancer patients

Strategies for coping with pain

Intensity of pain (VAS)

Univariate analysis Multivariate analysis

r p-value β p-value

Diverting attention 0.264 <0.001 0.93 <0.001
Reinterpreting of pain sensations 0.327 <0.001 0.97 <0.001
Catastrophizing 0.383 <0.001 1.11 <0.001
Ignoring pain sensations 0.306 <0.001 0.93 <0.001
Praying or hoping 0.220 <0.001 0.76 <0.001
Coping self-statements 0.358 <0.001 1.10 <0.001
Increasing behavioral activity 0.159 0.011 0.57 0.011
Pain control �0.423 <0.001 �0.27 <0.001
Ability to decrease pain �0.395 <0.001 �0.27 <0.001

r correlation coefficient, β regression coefficient

Table 6 Associations between pain intensity, assessed on visual analog scale (VAS), and strategies for coping with
pain, assessed with the Coping Strategies Questionnaire (CSQ), in small cell lung cancer (SCLC) patients

Strategies for coping with pain

Intensity of pain (VAS)

Univariate analysis Multivariate analysis

r p-value β p-value

Diverting attention 0.182 0.126 0 NS
Reinterpreting of pain sensations 0.389 <0.001 0 NS
Catastrophizing 0.470 <0.001 0 NS
Ignoring pain sensations 0.314 0.007 0 NS
Praying or hoping �0.128 0.284 0 NS
Coping self-statements 0.287 0.015 0 NS
Increasing behavioral activity 0.090 0.451 0 NS
Pain control �0.188 0.113 0 NS
Ability to decrease pain �0.155 0.194 0 NS

r correlation coefficient, β regression coefficient

50 J. Polański et al.



with pain intensity; meaning they increased pain
intensity. In the multivariate analysis, such
strategies were limited only to coping self-
statements (β ¼ 0.07; p < 0.001). The domain
pain control inversely associated with pain inten-
sity (β ¼�0.39; p < 0.001), meaning it decreased
the perception of pain (Table 7).

4 Discussion

This study revealed that SCLC patients, who
admitted in more advanced stages of cancer and
thus often with metastases to regional lymph
nodes and distant organs, more often experienced
pain compared with NSCLC patients. In fact,
SCLC patients were more often treated with com-
bined therapy, which is in line with current
recommendations. Such treatment is more aggres-
sive and associated with more toxicity. These
findings are in line with a study by Herndon
et al. (1999) who have examined 206 patients
with advanced NSCLC and also conclude that
the patient-provided pain report has the greatest
prognostic importance for survival. Likewise,
Iyer et al. (2013) have reported in a multicenter
study that over 90% of patients with advanced
lung cancer experience pain, which has a negative
influence on quality of life. This observation
should encourage health care professionals for
proper pain management.

The ability of coping with pain is an attempt to
change the style of perceiving and thinking about
pain (Esteve et al. 2007; Felton et al. 1984).
According to Lazarus and Folkman (1984), cop-
ing with pain is understood as an effort to adapt to
pain or manage the anxiety arising in response to
pain. There are two types of pain-coping
strategies, i.e., a cognitive response that involves
the use of imagination to ignore pain or transform
it into another sensation, and a behavioral
response that seeks social support, rest, or
avoiding some activities or situations (Rodríguez
Franco et al. 2004). Gil et al. (1989) have found
that passive coping (catastrophizing) is maladap-
tive and associated with an increase in pain inten-
sity and frequency. In contrast, active coping
(ignoring pain sensations and self-verbalization)
is adaptive in that it leads to pain decrease. The
findings of this study provide information on
coping with pain by patients with different histo-
logical types of lung cancer. The most common
strategy for pain-coping in SCLC was “praying or
hoping”, whereas it consisted of increased behav-
ioral activity and active coping (“pain control”
and “ability to decrease pain”) in NSCLC. The
“praying or hoping” used by SCLC patients
might stem from aggressive oncological treat-
ment and numerous hospitalizations, during
which health control rests with medical
professionals.

Table 7 Associations between pain intensity, assessed on visual analog scale (VAS), and strategies for coping with
pain, assessed with the Coping Strategies Questionnaire (CSQ), in non-small lung cancer (NSCLC) patients

Strategies for coping with pain

Intensity of pain (VAS)

Univariate analysis Multivariate analysis

r p-value β p-value

Diverting attention 0.091 <0.001 0 NS
Reinterpreting of pain sensations 0.103 <0.001 0 NS
Catastrophizing 0.116 <0.001 0 NS
Ignoring pain sensations 0.105 <0.001 0 NS
Praying or hoping 0.090 <0.001 0 NS
Coping self-statements 0.124 <0.001 0.07 <0.001
Increasing behavioral activity 0.067 0.001 0 NS
Pain control �0.769 <0.001 �0.39 <0.001
Ability to decrease pain �0.675 <0.001 0 NS

r correlation coefficient, β regression coefficient
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There are scarce publications focusing on cop-
ing strategy with cancer pain and its influence on
quality of life. Porter et al. (2011) have suggested
in a study on 233 patients with lung cancer that
psychosocial interventions can lead to
improvements in pain perception, depression,
quality of life, and self-efficacy. Liao et al.
(2014) have shown in a study on 101 patients
with newly diagnosed advanced lung cancer that
self-efficacy for coping with cancer is the most
important factor for predicting quality of life. In
the present study, we noticed a significant associ-
ation between strategies for pain-coping and pain
intensity. Taking into account all patients,
irrespective of the type of lung cancer, pain
caused increases in behavioral and passive
strategies, but decreased coping self-statements.
In NSCLC patients, pain positively influenced
coping self-statements but inversely affected
pain control. Porter et al. (2008) have examined
self-efficacy for managing pain in 152 patients
with early stage lung cancer and concluded that
interventions targeted at increasing self-efficacy
may be useful in this population. Thus, therapeu-
tic interventions, such as training of cognitive
pain-coping skills, may be beneficial in pain man-
agement and in reduction of psychological dis-
tress in lung cancer patients.

This study has some limitations such as a
heterogenous group of patients, having different
co-morbidities and being at different stages of
lung cancer; a potential bias arising from the use
of self-reported measures; and a lack of items
referring to direct coping with pain, i.e., taking
medications or consultation with a doctor, in the
CSQ questionnaire. There was no control group
either, so that associations were identified only
among lung cancer patients. Despite these
constraints, we believe we have shown the pres-
ence of associations between distinct strategies
for pain-coping and the histological subtype of
lung cancer. A better understanding of pain-
coping strategies among lung cancer patients
may help physicians to introduce new
interventions to improve therapy outcome.

In conclusion, the most common strategy for
coping with pain in SCLC patients was “praying
or hoping”, a strategy that fails to positively

influence pain perception. In contrast, in
NSCLC patients coping with pain consisted of
increased behavioral activity and active coping,
the strategies that are advantageous concerning
the ability to control the perception of pain inten-
sity in a positive manner. These strategies
appeared as independent factors associated with
decreased pain intensity.
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Chest Radiography in Children
Hospitalized with Bronchiolitis
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Abstract

In uncomplicated bronchiolitis, chest radiogra-
phy (CR) is not routinely recommended, yet it
is still frequently made. This study seeks to
evaluate the use of CR in children with bron-
chiolitis due to a lower respiratory tract infec-
tion (RSV-RTI) with respiratory syncytial
virus (RSV) and the influence of CR on patient
treatment during the 2010–2017 seasons.
There were 581 children included into the
study: 459 with bronchiolitis (390 RSV-RTI
and 69 non-RSV), 65 with RSV pneumonia
and 57 with RSV bronchitis. We found that
CR was performed in 28.6% (166/581)
patients. CR was much more frequent in
patients with RSV than non-RSV infections
(61% vs. 31%). CR prognostic sensitivity and
specificity in guiding antibiotic treatment was
low, 78% and 58%, respectively. Positive and
negative predicted values of CR were 78% and
58%, respectively and the number needed to
diagnose was 2.777. Children in whom CR
was performed (irrespective of the result)
were at 22.9-fold higher risk of antibiotic ther-
apy (95%CI: 14.1–37.1; p < 0.01), while those
with a positive CR were only at 4.4-fold higher
risk of antibiotic therapy (95%CI: 2.2–8.9;

p < 0.01). Children with CR required a longer
hospital stay than those without it (10 vs.
8 days, respectively; p < 0.01). The percentage
of CR decreased from 78% in 2010 to 33% in
2017, with the lowest value of 11% in 2015.
The additional cost of CR, which had no influ-
ence on treatment, would have been €381 had
it been performed in each patient, which
amounts to 1% of the total hospitalization
cost. We conclude that CR is overused and in
most cases it has no influence on the patient
management. The recognition of practical
meaning of CR is essential to avoid unneces-
sary radiation of children.

Keywords

Bronchiolitis · Chest radiography · Hospital
stay · Respiratory syncytial virus · Respiratory
tract infection

1 Introduction

Bronchiolitis is an acute disease of the lower
respiratory tract in children under 2 years of age,
which in most cases starts with signs and
symptoms from the upper respiratory tract (e.g.,
rhinitis) and then progresses to involve the lower
respiratory tract. Local inflammation, followed by
necrosis of epithelial cells in small airways and
increased mucus secretion cause a deterioration in
the patient condition, including tachypnea,
wheezing, or breathing difficulties. The clinical
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course of bronchiolitis is greatly variable, but
many children require hospital treatment (Ralston
et al. 2014). Especially, the youngest children are
at higher risk of hospitalization, which is required
in 25.9 per 1000 children aged under 1 month of
age as opposed to 5.2 per 1000 children under
2 years of age (Hall et al. 2013). A vast majority
(60–75%) of bronchiolitis are caused by the respi-
ratory syncytial virus (RSV), but the proportion
varies seasonally (AAP 2006). The recommended
diagnostic tools are few. The diagnosis of bron-
chiolitis should be based on a physical examina-
tion and the patient’s history. The main objective
is to differentiate between bronchiolitis, which
with a high probability is of a viral etiology, and
other disorders, which may imitate bronchiolitis
signs and symptoms (Ralston et al. 2014).
Dawson et al. (1990) have shown no association
between abnormalities in chest radiography
(CR) and the clinical course of bronchiolitis and
the authors suggest that CR should be reserved
for the most severe cases, including intensive care
unit transfer, a sudden deterioration of the condi-
tion, or a suspicion of co-morbidities.

The American Academy of Pediatrics (AAP
2006) in the first publication on bronchiolitis
management does not recommend CR unless the
above-mentioned severe complications arise.
Likewise, the most recent AAP recommendations
directly discourage from the use of routine chest
X-rays in bronchiolitis (Ralston et al. 2014). In
fact radiographic abnormalities may be seen in
many patients with bronchiolitis. Farah et al.
(2002) have reported pathological findings in
CR in 17% of children with RSV infection, but
their association with clinical outcomes is weak.
Many a study emphasize that CR promotes the
use of antibiotics due to the abnormalities
revealed, with no major influence on the course
of bronchiolitis (Schuh et al. 2007; Swingler et al.
1998). Akenroye et al. (2014) have shown that
implementing the guidelines for bronchiolitis
management in the emergency department
decreases, inter alia, the number of CR by 23%,
which also significantly contributes to cost
reduction.

The general purpose of this study was to eval-
uate the use of CR in children with bronchiolitis.

We set out to estimate the frequency of CR use in
RSV versus non-RSV infections during the
2010–2017 seasons, its correlation with the anti-
biotic use, the influence on treatment outcomes,
and the economic impact.

2 Methods

Patients’ files were retrospectively analyzed to
estimate the frequency of CR and the influence
of CR on disease management. Since the analysis
was retrospective, clinical decisions undertaken at
the time of hospitalization had not been
influenced by the study protocol. There were
581 patients included in the analysis, hospitalized
with RSV and a non-RSV infections between
January 2010 and June 2017 (90 months). The
group consisted of 347 boys (59.7%) and
234 girls (40.3%), aged from 8 days to 10 years,
with a median of 3 months. The distribution of
age groups was as follows: neonates – 68 (11.7%)
patients, infants aged 1–3 months – 255 (43.9%),
4–6 months – 166 (28.6%), 7–12 months –

71 (12.2%), 13–24 months – 13 (2.2%), and
over 24 months – 8 (1.4%). The final diagnosis
of RSV bronchiolitis was in 390 (67.1%) and
non-RSV bronchiolitis in 69 (11.9%) cases,
followed by RSV pneumonia in 65 (11.2%)
cases, and RSV bronchitis 57 (9.8%) cases.

Patients were divided into the following
groups: CR group versus no-CR group, and CR
positive result versus CR negative result. The
groups were compared with respect to the clinical
parameters and laboratory tests, which included:
age, heart rate, breath rate, all assessed at admis-
sion, length of hospital stay, inflammatory
markers such as white blood cell count (WBC),
neutrophil and lymphocyte percentages,
C-reactive protein (CRP), procalcitonin (PCT),
and capillary blood gasometry (oxygen satura-
tion, carbon dioxide pressure, and pH), and
peripheral blood oxygen saturation and heart
rate derived from pulse oximetry.

A final point in the assessment of CR useful-
ness was a change in the patient management, i.e.,
the implementation of antibiotic treatment or
transfer to the pediatric intensive care unit or a
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tertiary reference center due to abnormalities
found in the CR. If the CR findings influenced
the management, CR results were marked as
being true positive. If the CR was negative
and had no influence on the disease management,
CR results were marked as being true negative
(CR correctly done but potentially unnecessary).
The most commonly observed false positive and
false negative CR results concerned the antibiotic
implementation. The interpretation was the fol-
lowing: if there had been no abnormalities found
in CR, but antibiotic treatment was initiated, the
result was false negative. If, on the other side,
there were any abnormal findings in CR but no
antibiotic was given, the result was false positive.
Patients requiring antibiotic treatment for other
reasons than respiratory tract treatment, for
instance, urinary tract infections, were not taken
into account. The usefulness of CR was assessed
on the basis of sensitivity, specificity, positive
predictive value, negative predictive value, and
the number needed to diagnose.

Since the Bielanski Hospital in Warsaw uses
outsourcing radiological services, the mean cost
of a single CR was calculated on the basis of a
recent commercial rate. The cost of unnecessary
CRs was estimated as a sum of false positive and
false negative results multiplied by the cost of a
single CR. Afterwards, a stimulation of costs was
performed, with an assumption of CR use in each
and every patient and a corresponding proportion
of unnecessary costs calculated. The costs were
then referred to the reimbursement that the hospi-
tal would obtain from the National Health Fund in
Poland. The reimbursement policy is that the
charge for hospitalization of each insured patient
is returned directly to hospitals, but the sum is
based on the final diagnosis, irrespective of the
length of hospitalization or resources used.

Data distribution was checked with the
Shapiro-Wilk test. Normally distributed data
were expressed as means �SD and
non-normally distributed as medians with
interquartile range (IQR). An unpaired t-test or
the nonparametric Mann-Whitney U test were
used as required. A multivariate logit model was
used to show the relationship between CR (both
its frequency and findings) and the

aforementioned end points. The results were
presented as odds ratios (OR) with a 95% confi-
dence interval (95%CI). A p-value <0.05 defined
statistically significant differences. A commercial
statistical package of Statistica v13 (StatSoft;
Tulsa, OK) was used for statistical analysis.

3 Results

CR was performed in 166 (28.6%) patients,
including 19 CRs in the outpatient setting prior
to hospitalization. The time analysis showed a
strongly decreasing trend in conducting CR as
78% patients had CR in 2010, while the number
dropped to 33% in 2017, with the lowest percent-
age of 11% noticed in 2015 (Fig. 1). Interestingly,
frequency of CRs was much higher in patients
with RSV bronchiolitis than in those with
non-RSV bronchiolitis; 61% vs. 31%, respec-
tively. There were 24 (14.5%) false positive and
24 (14.5%) false negative results. Overall, 29% of
CRs failed to correlate with the subsequent
treatment.

CR’s prognostic sensitivity and specificity in
guiding treatment was low; 78% and 58%,
respectively. The CR positive and negative prog-
nostic values also were rather low; 78% and 58%,
respectively and the number needed to diagnose
(NND) reached 2.777. The group of patients with
CR was slightly older than that without it (median
3 vs. 2.4 months; p ¼ 0.02). Patients who had CR
performed, irrespective of result, had a 22.9-fold
greater risk of antibiotic treatment (95%CI:
14.1–37.1; p < 0.01). In contrast, patients with
positive CR had only a 4.4-fold greater risk of
antibiotic treatment than those with negative CR
(95%CI: 2.2–8.9, p < 0.01).

Moreover, patients with CR required a longer
hospital stay (10 vs. 8 days; p < 0.01), and had a
significantly higher WBC count (10.55 �103
cells/μL vs. 10.00 �103cells/μL; p ¼ 0.019),
higher neutrophil percentage (31.0% vs. 18.9%;
p < 0.01), lower lymphocyte percentage
(52.2% vs. 63.5%; p < 0.01), higher CRP level
(2.62 mg/L vs. 0.90 mg/L; p < 0.01), and a higher
procalcitonin concentration (0.13 ng/
mL vs. 0.09 ng/mL; p < 0.01) than those without
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CR, respectively. Nevertheless, the above
differences remained of no clinical significance.
There were no differences in capillary blood-gas
content, breath or heart rate, or peripheral capil-
lary blood oxygen saturation (Table 1).

Comparing the patients with positive and neg-
ative CR results, the only difference was seen in
the level of CRP (4.13 mg/L vs. 1.70 mg/L;
p < 0.01); however, the higher value remained
within the reference limit, and thus was of no
clinical significance either. Patients with a posi-
tive CR also required a longer hospital stay
(11 vs. 9 days; p ¼ 0.01) (Table 2). Patients
transferred to the pediatric intensive care unit
did not differ in terms of CR frequency (6 out of
the 10 patients had CR done, with two positive
imaging results). However, CR results were of no
clinical relevance either (Table 3).

The cost of all performed CRs reached €1,318,
including €381 spent on CRs that did not influ-
ence the patient’s management. If CR had to be
performed in each patient with bronchiolitis or
RSV infection, then the total cost would have
reached €4,613, including €1,334 spent unneces-
sarily. The reimbursement for the whole group of
patients (based on the clinical diagnosis) would
have been approximately €440,134. The propor-
tion of resources spent on CR, when done in each

patient, would have been 1.05% of the whole
sum, including at least 30% of the money spent
needlessly.

4 Discussion

The most important question is of whether chest
X-ray is at all needed in patients with bronchioli-
tis. Current guidelines, remain in line with the
2014 AAP recommendations that daunt a routine
use of chest X-rays in bronchiolitis (Ralston et al.
2014). Yet statements to the contrary also exist.
The Canadian Pediatric Society recommends the
use of chest X-rays in case of uncertain diagnosis,
lack of or slow improvement, as well as a suspi-
cion of a bacterial pneumonia (Friedman et al.
2014). Special attention may apply the last condi-
tion above outlined, considering the risk of a
bacterial suprainfection during RSV infection.
Studies on theoretical models showed a higher
risk of bacterial colonization in case of RSV
(McGillivary et al. 2009, Hament et al. 2004),
which has been lately confirmed in children
hospitalized due to RSV infection (Suárez-
Arrabal et al. 2015). The explanation for that
may lie in the impact of RSV on the local
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microbiota, which modulates the host immune
response (de Steenhuijsen Piters et al. 2016). A
seasonal correlation between the frequency of an
invasive pneumococcal disease and RSV
infections is in line with this explanation
(Weinberger et al. 2015; Techasaensiri et al.
2010; Ampofo et al. 2008; Jansen et al. 2008;

Talbot et al. 2005). Further, facilitated adherence
of S. pneumoniae to eukaryotic cells has been
demonstrated in mice preinfected or coinfected
with RSV and S. pneumoniae, which plausibly
is due to a viral influence on the adhesins present
on the S. pneumoniae membrane and cell wall
(Hament et al. 2005).

Table 1 Clinical and laboratory parameters in patients in whom chest radiography (CR) was and was not performed

Parameter

CR No CR

pMedian IQR Median IQR

Age (months) 3.0 1.5–5.9 2.4 1.5–4.0 <0.010
Length of stay (days) 10 8–13 8 7–10 <0.001
WBC (�103cells/μL) 10.55 8.60–15.15 10.00 8.20–12.50 0.020
Neu (%) 31.0 18.4–43.5 18.9 12.3–27.7 <0.001
Lym (%) 52.2 42.2–64.0 63.5 53.9–71.0 <0.001
CRP (mg/L) 2.62 0.65–13.53 0.90 0.26–3.47 <0.001
PCT (ng/dL) 0.13 0.09–0.34 0.09 0.07–0.12 <0.001
ScO2 91.5 87.2–94.3 91.0 88.3–94.1 ns
PCO2 (mmHg) 35.9 32.2–43.5 36.6 33.4–41.6 ns
pH 7.40 7.40–7.40 7.40 7.38–7.43 ns
BR (per min) 50 44–60 56 45–64 ns
HR (per min) 143 136–160 140 131–154 ns
SpO2 (%) 95.0 93.0–97.0 96.0 94.0–97.0 ns

Data are medians and interquartile ranges (IQR); CR chest X-ray, WBC white blood cell count, Neu neutrophils, Lym
lymphocytes, CRP C-reactive protein, PCT procalcitonin, ScO2 capillary blood oxygen saturation, PCO2 partial pressure
of carbon dioxide and pH (gasometry), BR breathing rate, SpO2 peripheral capillary oxygen saturation and HR heart rate
(pulse oximetry, ns not significant

Table 2 Clinical and laboratory parameters in patients with positive and negative chest radiography (CR) results

Parameter

Positive CR result Negative CR result

pMedian IQR Median IQR

Age (months) 3.2 1.7–6.0 2.6 1.0–5.1 ns
Length of stay (days) 11 8–14 9 8–11 <0.01
WBC (�103cells/μL) 10.70 8.80–14.60 10.50 8.60–16.00 ns
Neu (%) 33.0 19.4–43.9 25.6 15.4–42.4 ns
Lym (%) 50.3 41.5–61.0 57.1 44.9–68.0 ns
CRP (mg/L) 4.13 1.15–17.67 1.70 0.41–6.84 <0.01
PCT (ng/dL) 0.13 0.09–0.40 0.14 0.10–0.20 ns
ScO2 91.4 88.2–93.9 91.8 86.2–94.8 ns
pH 7.41 7.39–7.43 7.40 7.37–7.43 ns
PCO2 (mmHg) 35.8 31.7–40.8 37.7 32.4–45.3 ns
BR (per min) 50 40–62 55 45–60 ns
HR (per min) 145 138–160 140 130–150 ns
SpO2 (%) 95.0 93.0–98.0 95.0 93.0–96.0 ns

Data are medians and interquartile ranges (IQR); WBC white blood cell count, Neu neutrophils, Lym lymphocytes, CRP
C-reactive protein, PCT procalcitonin, ScO2 capillary blood oxygen saturation, PCO2 partial pressure of carbon dioxide
and pH (gasometry), BR breathing rate, SpO2 peripheral capillary oxygen saturation and HR heart rate (pulse oximetry),
ns not significant
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On the basis of the present finding we cannot
confirm or exclude any bacterial suprainfection.
Differences we noticed between patients with
positive and negative results of CR were few
and of no clinical meaning. The role of addi-
tional laboratory investigations, such as CRP or
PCT, in differentiating bacterial from viral pneu-
monia is widely discussed, but the prevailing
consensus is that acute phase reactants cannot
reliably set the etiology of pneumonia (Bradley
et al. 2011; Harris et al. 2011). At any rate, we
did not notice any case of a serious bacterial
infection in this study. The only appreciable
difference between patient who had and did not
have CR done concerned the length of hospitali-
zation, with the former having a longer stay than
the latter (10 vs. 8 days, respectively). Likewise,
patients with a positive finding in CR images
were hospitalized longer than those with a nega-
tive finding (11 days vs. 9 days, respectively).
These differences in the length of hospitalization
might, in fact, be spurious, as CR could be done
due to the patient’s worse condition, which
enforced a longer hospitalization, rather than
due to the mere fact of doing CR, or its positive
or negative finding. Interestingly, almost a two-
fold greater frequency of CR was observed in the
RSV group, as opposed to the non-RSV group of
patients in this study (61% vs. 31%, respec-
tively). That is in line with the notion that a
doing of CR might be related with the patient
condition as RSV is recognized as a frequent
cause of severe lower respiratory tract infections,
and of longer hospital treatment (Ramagopal
et al. 2016; Stollar et al. 2014).

A correlation between the chest X-ray imag-
ing and the antibiotic use reported in a
randomized controlled trial by Swingler et al.
(1998) is widely cited concerning the children
with bronchiolitis (Friedman et al. 2014; Ralston
et al. 2014). However, the setting of that study
was outpatient, and the patients were diagnosed
with pneumonia. In the present study, CR was
done to bring about changes in the patient’s
management, and then the antibiotic use was
taken as a true positive result when it associated
with the CR result. We do not support the use of
antibiotics in each case of abnormalities found in
CR, although that might be justified in some
cases. We aimed to show how frequently CR
did not influence the patient’s management and
may thus be interpreted as overused.

The presence or suspicion of co-morbidities is
another occurrence of CR examination in young
children. For instance, children with a hemody-
namically unstable heart disorder are at a higher
risk of severe RSV course. The frequency of a
congenital heart disease is 8 per 1,000 live births,
and approximately one half of those children
presents a hemodynamic impairment (Baraldi
et al. 2014). Some of those children remain
asymptomatic for a longer period of time, and
the first symptoms may appear during RSV infec-
tion, which typically develops in the first year of
life. A prospective study by Schuh et al. (2007)
has shown that only in 2 out of the 265 children a
chest X-ray reveals abnormalities other than those
related to bronchiolitis, such as cardiomegaly and
lobar pneumonia. We found no instances of
congenital heart disease in the present study.

Table 3 Characteristics of patients transferred to the pediatric intensive care unit; all diagnoses of bronchiolitis

Year Patient age Chest X-ray Elevated CRP Antibiotic treatment

2010 39 months no no –

2010 3 months Positive 80.0 mg/L Cefuroxime
2012 16 days no no –

2017 27 days Negative no Cefotaxime
2017 17 days Negative no –

2011 1 month Negative no –

2014 1 month no no –

2016 3 months Positive no Cefotaxime
2013 13 days Negative no –

2013 1 month no no –
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Therefore, we submit that the use of CR imaging
as a diagnosing tool for unraveling the underlying
congenital heart disease in children coming down
with bronchiolitis is largely unjustified. To this
end, it also is worthwhile to recall that children
have a faster cell division and are definitely more
sensitive to radiation (Thomas et al. 2006; Huda
2004). Thus, every effort ought to be performed
to decrease the dose and frequency of irradiation,
best by its avoidance if not absolutely required.

In conclusion, chest radiography is generally
overused in children with bronchiolitis. On the
positive side, a strongly increased use of
antibiotics in patients in whom chest radiography
is done while it is much less increased in case of
positive radiographic findings, a higher percent-
age of chest X-rays in RSV-bronchiolitis usually
having a more severe course than that in
non-RSV bronchiolitis, and a longer hospital
stay of patients in whom chest radiography is
done, all lead to a consistent impression that
chest radiography is used with restrain and mostly
in severely ill patients. Therefore, recognizing the
practical bearing of chest radiography, it is essen-
tial to avoid unnecessary irradiation. Chest
radiographs in children with bronchiolitis should
not be a routine clinical practice. If X-rays were
performed sparingly, then their use in specific
cases would be justified.
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Abstract

The SENTINEL influenza surveillance system
is an important tool for monitoring influenza in
Poland. Data from this system are necessary to
determine the dynamics of seasonal infections
and to announce the epidemic by the country
level. For the 2017/18 epidemic season, the
dominance of influenza type B was recorded
and the highest percentage of infections was
recorded in the age group 45–64 years. Among
the subtypes of influenza type A, A/H1N1/
pdm09 was the predominated subtype. Most
cases were reported in the age group of 26–44
and 0–4 years. The influenza virus frequently
undergoes modifications. Therefore, it is nec-
essary to constantly monitor the emerging
strains around the world.
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1 Introduction

The SENTINEL Influenza Surveillance System
allows monitoring of the course and dynamics
of epidemic seasons in Poland. Virological data
tallied by 16 Voivodship Sanitary and Epidemio-
logical Stations of the country allow to identify
the dominant virus strain and to provide informa-
tion on the age groups that are most vulnerable to
the virus (Cieślak et al. 2017). Monitoring of the
influenza virus activity in the inter-pandemic
period also is a part of the national surveillance
plan in Poland. The information about the emer-
gence of a new pandemic strain can be obtained
immediately, and thus the anti-influenza
measures implemented at the national level
(Bednarska et al. 2016).

In 2009, the EU Commission has issued
recommendations in which it is assumed that the
influenza vaccination rate in high-risk groups
should reach 75% in all European countries up
to the 2014/15 epidemic season. The risks groups
included adults above 65 years of age and all
persons over 6 months of age with chronic
diseases (ECDC 2017). However, this goal has
not been achieved in most of the countries
(Weimbergen 2018). The vaccination rate in the
2017/18 epidemic season in the population of
Poland amounted to 3.4%. Such a dismal vacci-
nation rate places the country in the last place in
Europe (Brydak 2019). Further, seasonal
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epidemics occur in Poland every year, causing a
large number of deaths and post-influenza mor-
bidity, incurring huge socioeconomic costs
(Brydak 2018). The epidemics cannot be properly
countered without a proper population vaccina-
tion rate, the main preventive measure against
influenza. This study seeks to define the dynamics
of influenza infections and the prevalence of
dominant viral types in Poland during the 2017/
18 epidemic season, based on the data tallied by
the SENTINEL influenza surveillance program.

2 Methods

The study material included nasal and pharyngeal
swab samples analyzed in 16 Voivodship Sani-
tary and Epidemiological Stations and in the
Department of Influenza Research, National
Influenza Center in National Institute of Public
Health – National Institute of Hygiene. Data were
analyzed and reported using the SENTINEL Influ-
enza Surveillance System. A total of 1,585
patients participated in the study. They were
divided into 7 age groups: 0–4, 5–9, 10–14,
15–25, 26–44, 45–64, and 65+ years.

Specimens collected from patients were
analyzed for the identification of influenza type
A and B viruses by PCR techniques. From a
200 μl clinical sample suspended in physiological
saline, 50 μl of viral RNA resuspended in RNase-
free water was obtained. For the assay, a Maxwell
16 Viral Total Nucleic Acid Purification Kit was
used (Promega Corporation; Madison, WI)
according to the manufacturer’s instructions.
The analytes were further analyzed to determine
viral subtypes using a Light Thermocycler 2.0
System (Roche Diagnostics; Rotkreuz,
Switzerland). The primers and probes were
obtained from the International Reagent Resource
run by the Centers for Disease Control and Pre-
vention (CDC). The reaction was carried out in
accordance with the manufacturer’s instructions.
To obtain cDNA, RNA was subjected to reverse
transcription (at 50 �C for 30 min). Then, cDNA
was subjected to the initiating process (1 cycle of
95 �C for 2 min) followed by 45 cycles of

amplification: denaturation at 95 �C for 15 s,
annealing at 55 �C for 10 s, and elongation at
72 �C for 20 s. Positive control constituted viral
RNA obtained from the vaccine strains for the
current epidemic season (A/Michigan/45/2015
(H1N1)pdm09, A/HongKong/4801/2014
(H3N2), B/Brisbane/60/2008), and negative con-
trol constituted RNase-free water.

Using the reverse transcription polymerase
chain reaction, the presence of 15 respiratory
viruses was confirmed in the samples. The viruses
consisted of Influenza A virus, Influenza B virus,
Human respiratory syncytial virus A and B,
Human adenovirus, Human metapneumovirus,
Human coronavirus 229E/NL63, Human corona-
virus OC43, Human parainfluenza 1, 2, 3, and
4, Human rhinovirus A/B/C, Human enterovirus,
and Human bocavirus 1/2/3/4. For the assay,
RV15 OneStep ACE Detection Kit (Seeplex;
Seoul, South Korea) was used according to the
manufacturer’s instructions. When the reaction
was completed, the product was separated on a
2% agarose gel by electrophoresis.

The probability of occurrence of influenza
infection was estimated using a logistic regression
model. Odds ratios were calculated for all age
groups with reference to the 65+ group. The sta-
tistical analysis was performed using commercial
IBM SPSS statistical software (Armonk, NY).

3 Results

In the 2017/2018 epidemic season, a total of
1,585 samples, one from each individual, were
collected through the SENTINEL Influenza Sur-
veillance System. The overall number of analyzed
samples remained at a low level until Week 1 of
2018, not exceeding 24 per week. Later on, there
was a rapid increase in the number of tested
samples, which peaked in Week 8 reaching
196 samples, except for Week 7 when this num-
ber retreat to 128 samples. The situation was
different when we analyzed the number of posi-
tive samples in a given week. The first positive
samples were recorded at Week 48 of 2017
(15.8% of weekly samples). A steady increase in
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influenza cases was reported from Week 1 of
2018 (23.5% positive), exceeding 47.0% of the
samples tested in Week 11. The highest percent-
age of positive samples was recorded at Week
10 of 2018, which amounted to 65.6%. There
was a decrease in the percentage of positive
findings in the following weeks until Week
16, when there was a drop to zero noted (Fig. 1).

Comparing the recent epidemic seasons
starting from 2014/15 up to 2017/18, an increase
in the number of confirmed cases of influenza
from 221 to 708 cases, respectively, is observed.
An increase also is observed in the percentage
terms, from 33.8% to 44.7%, respectively,
although this increase has plateaued in the last
season as the greatest, amounting to 46.6%, was
observed in before last 2016/17 epidemic season
(Table 1).

In then 2017/18 epidemic season, a total of
708 influenza infections and 28 influenza-like
viral infections were confirmed. Of the 708 influ-
enza infections, 204 were due to influenza A virus
and 504 due to influenza B virus. Influenza A
infections were dominated by the subtype
A/H1N1/pdm09 (38 cases). Influenza-like
infections viruses were dominated by respiratory
syncytial virus (16 cases).

The findings of this study were reanalyzed in
7 successive age groups. The highest percentage
of influenza B infections was found in the age
group of 45–64 (21.6%) years, while that of influ-
enza A in the group of 26–44 (7.6%) years. The
dominance of influenza A over B was found only
in the youngest age group of 0–4 years. There was
a distinct dominance of influenza B virus in the
remaining age groups (Fig. 2).
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The probability of occurrence of influenza A or
B virus infection was estimated in relation to a
given age group of patients, using the logistic
regression model in which the age group of 65+
was taken as reference. We found that the probabil-
ity of influenza A infection was three-fold greater
among the patients aged 0–4 (p¼ 0.001) and it was
50% lower than that of influenza B infection
(p ¼ 0.028), compared with the reference group.
The probability of influenza A infection among the
patients aged 5–9 was 2.5-fold greater than that in
the reference group (p ¼ 0.005). In addition, the
probability of influenza B infection in the same age
group of 5–9 years was 58% higher than that
among the patients in the reference group
(p ¼ 0.049). The differences between type A and
B influenza infections in the remaining age groups,
as compared to the reference group, were
insignificant.

4 Discussion

The SENTINEL Influenza Surveillance System is
an essential tool for monitoring influenza in
Poland. Data from this system are key to determine
the dynamics of season infections and to announce
the epidemic by the relevant authorities in the
country (Cieślak et al. 2018; Lee et al. 2018).
Comparing the increasing number of confirmed
cases of influenza in the 2017/18 epidemic season
in Poland with other European countries, we notice
almost the same situation. In Germany, single pos-
itive samples have been recorded since the
season’s beginning, i.e., Week 40 of 2017. The
highest number of cases and the highest percentage
of positive samples (over 60%) were recorded
there in Week 9, which closely corresponds to
the Polish data. In Czech Republic, the threshold
of over 60% of positive specimens was achieved

Table 1 Influenza infections in recent epidemic seasons

Epidemic season 2014/15 2015/16 2016/17 2017/18

Number of samples analyzed 653 1,625 1,283 1,585
Number of confirmed cases 221 603 598 708
Percentage of confirmations 33.8% 37.1% 46.6% 44.7%
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already inWeek 5 and lasted until Week 9. Further,
the dominance of influenza type B has been
reported there, similarly to the epidemiological
situation in Poland. Concerning influenza type A,
subtype A/H1N1/pdm09 has also dominated
(FluNews Europe 2018). This trend has been dif-
ferent from that in the 2016/17 season, when the
subtype A/H3N2/dominated, while the A/H1N1/
pdm09 was not recorded (Cieślak et al. 2018). The
first positive specimens in Poland were recorded in
Week 48, which distinguishes the current season
from the previous one. The 2016/17 season started
earlier, because the threshold of 10% of positive
tests has already been exceeded from Week
46 onward (Adlhoch et al. 2018).

In the 2017/18 epidemic season, the domi-
nance of subtype A/H1N1/pdm09 among the
influenza A subtypes was noticed. Most cases
were reported among the patients of 26–44 and
0–4 years of age. A similar situation took place in
the course of the 2009 pandemic when the sub-
type A/H1N1/pdm09 had infected mainly chil-
dren and young adults, while it was responsible
for just 10% of hospitalization of the elderly
(Verma et al. 2012). In the previous 2016/17
influenza season, A/H3N2/ dominated in terms
of the percentage of influenza cases; a subtype
that is known for its propensity to infect the
elderly (Pebody et al. 2017).

Over the last four influenza epidemic seasons,
we have observed an increase in the percentage of
confirmed influenza infections reported in the
SENTINEL Surveillance System. That shows
a steady improvement in the surveillance system
and in the knowledge and ability to recognize and
verify the infection and its type. In the last two
influenza seasons of 2016/17 and 2017/18, the
percentage of confirmed cases ranged around
45%,whichmeans that almost every second patient
was properly diagnosed by general practitioners.

The present report demonstrates the dynamics
of the 2017/18 influenza season in Poland
according to the data from Sentinel Surveillance
System. The virological data are valuable in that
they serve to accurately determine the antigenic
composition of vaccine for the next epidemic
season.
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Occurrence of Influenza Hemagglutinin
Antibodies in the Polish Population
during the Epidemic Season 2017/18

Ewelina Hallmann-Szelińska, K. Szymański, K. Łuniewska,
A. Masny, D. Kowalczyk, R. Sałamatin, and L. B. Brydak

Abstract

This study seeks to define the level of
antihemagglutinin antibodies, using the hem-
agglutination inhibition assay (HAI), in the
serum of patients, stratified into seven age
groups, in Poland during the influenza epi-
demic season of 2017/18. A quadrivalent
influenza vaccine has been introduced in
Poland as of this epidemic season, making it
possible for the first time to conduct the analy-
sis for four antigens: A/Michigan/45/2015
(H1N1) pdm09, A/Hong Kong/4801/2014
(H3N2), B/Brisbane/60/2008 – Victoria line-
age, and B/Phuket/3073/2013 – Yamagata
lineage. We found that the level of individual
antihemagglutinin antibodies was different
among the seven age groups studied; with the
highest in patients of 5–9 years and
10–14 years of age. Interestingly, the protec-
tion factor, defined as the percentage of people
with the level of antihemagglutinin antibodies

of at least 1:40 after vaccination or due to a
previous infection, was the highest for the
antigen A/Hong Kong/4801/2014 (H3N2) in
the same age groups (74% and 75%, respec-
tively). Taking into account the dismal 3.6% of
the vaccinated population in Poland, these
findings point toward the sustained presence
of an immune system response in patients after
a prior influenza virus infection.

Keywords

Epidemic season · Hemagglutinin antibodies ·
Immune system · Influenza · Protection factor ·
Respiratory infection

1 Introduction

Vaccination is by far the only effective method of
prevention of influenza. According to the
recommendations of the Advisory Committee on
Immunization Practices of the World Health
Organization (ACIP 2016), high-risk group of
individuals should be vaccinated before the influ-
enza virus starts its active circulation in the popu-
lation, which in Poland comes up in October. The
purpose of seasonal vaccination against influenza
is to produce a protective concentration of
antibodies. Antibodies detected in unvaccinated
individuals indicate a history of past infection
(Brydak 2008). In the 2017/18 epidemic season,
a peak incidence of influenza, taking the number
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of positive clinical samples into account, occurred
in Week 8 (February 19–25) of 2018. Overall,
there were 5,182,291 cases of influenza and
influenza-like illnesses recorded in the season,
with the incidence of 13,637 per 100,000
inhabitants. Influenza B virus, the Yamagata line-
age, was the predominated strain in the 2017/18
season in Poland. The influenza-like virus was
dominated by a respiratory syncytial virus
(RSV). Starting as of the 2017/18 season, a
four-component vaccine, consisting two antigens
of influenza type A virus and two antigens of
influenza type B virus, has become available.
Unfortunately, the percentage of vaccinated pop-
ulation gets lower in Poland season by season. In
the 2017/18 season, only 3.6% of the population
was vaccinated (NIPH-NIH 2018). Therefore,
this study seeks to define the level of specific
antibodies against the influenza virus hemagglu-
tinin in the serum of patients, stratified by succes-
sive age groups, in Poland during the 2017/18
influenza season.

2 Methods

Serum samples of individuals belonging to seven
successive age groups (0–4, 5–9, 10–14, 15–25,
26–44, and 45–64 years of age) were collected by
the employees of the Voivodship Sanitary Epide-
miological Stations across the country and were
then sent to the Department of Influenza
Research, National Influenza Center of the
National Institute of Public Health – National
Institute of Hygiene (NIPH-NIH) in Warsaw,
Poland. A total of 1,050 randomly selected sera,
150 samples in each age group, were stored at
�80 �C until tested.

The antigens listed in Table 1, according to the
WHO recommendations for the 2017/18

epidemic season (WHO 2017), were prepared
in-house for testing. Hemagglutination inhibition
test was used with 8 hemagglutination units
(WHO 2011; Pedersen 2014). Prior to analysis,
the sera were inactivated using the Vibrio
cholerae enzyme and were serially diluted from
1:10 to 1:1280, according to the method of
Brydak et al. (2003).

Data were presented as geometric mean titers
(GMT) for antihemagglutinin antibodies.

3 Results and Discussion

The GMTs for antihemagglutinin antibodies,
calculated for the successive age groups of
patients in the 2017/18 epidemic season in
Poland are shown in Fig. 1. The GMT levels of
all antihemagglutinin antibodies were similar in
children aged 0–4 years, ranging from about
47 to 52. These values were the highest for
hemagglutinin H3 in children aged 5–9 and
10–14 years; 122.0 and 136.8, respectively.
Among adults, the level of the antibodies for
hemagglutinin H3 was below 40, with the lowest
of 14.9 in people aged 26–44 years. Overall,
GMTs for antihemagglutinin antibodies were
lower in adults than those in children, with the
most distinct downward difference noticed in
case of hemagglutinin H3.

The protection factor is defined as the percent-
age of people with a protective level of
antihemagglutinin antibodies of at least 1:40
after vaccination or due to previous infection
(Brydak et al. 2003). It should be noted that for
people 60+ years of age, the protection factor is
expected to be �60%, whereas for people aged
18–60 years, it should be �70% (Brydak 2008).
In the 2017/18 epidemic season, the highest pro-
tection levels were recorded for hemagglutinin

Table 1 Influenza virus antigens used for the hemagglutination inhibition test (HAI)

Strains of influenza virus

Epidemic
season
2017/18

A/H1N1/ A/H3N2/ B Victoria
lineage

B Yamagata
lineage

A/Michigan/45/2015
(H1N1) pdm09-like
virus

A/Hong Kong/4801/2014 (H3N2)-
like virus

B/Brisbane/60/
2008

B/Phuket/3073/
2013
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strain A/H3N2/�A/Hong Kong/4801/2014,
which was 74% in children 5–9 years and 75%
in 10–14 years old. In the remaining age groups,
the protection factor was lower, ranging from
about 21% to 47% (Fig. 2). For hemagglutinin
H1 strain A/Michigan/45/2015 (H1N1) pdm09,
the highest protection level was recorded in chil-
dren 5–9 years (31%) and 10–14 years old (38%)
and the lowest in people 65+ years old (29%). In
the remaining four age groups, the protection
factor was below 12%. For hemagglutinin B
strain B/Brisbane/60/2008 like virus of the Victo-
ria line, the highest protection factor was in chil-
dren 0–4 years (39%) old and the lowest in people
45–64 years old (13%). In the remaining age
groups, the protection factor ranged from 19%
(26–44 years) to 37% (10–14 years). For hemag-
glutinin B strain B/Phuket/3073/2013 like virus
of the Yamagata line, the highest levels of protec-
tion factor, in a range of 40–47% were in the age
groups of 0–4, 16–44, and 65+ years of age and
the lowest in the age group of 45–64 years (25%).

A four-component influenza vaccine
introduced in the 2017/18 epidemic season had a
modified antigenic content, compared to past
immunizations, in particular the A/California/7/

2009 (H1N1) pdm09 antigen, a vaccine compo-
nent since 2010/11, had been removed. The vac-
cine provided different levels of GMT for
antihemagglutinin antibodies and consequently
different protection factors when compared with
the preceding 2016/17 season. In the 2016/17
season, the highest GMT value for type B hem-
agglutinin of the strain B/Brisbane/60/2008 had
been recorded in the age group of 10–14 years
(51.6), whereas it had been the highest (136.8) in
the same age group but for hemagglutinin H3 in
the current 2017/18 season. In the main, higher
values of GMT had been recorded in the previous
season when compared with the current one,
which was particularly noticed in all adult age
groups (Hallmann-Szelińska et al. 2018).
Concerning the protection factor, it was the
highest for subtype A/H3N2/ in children of
10–14 years (75%) and the lowest in adults of
45–64 years of age (4.0%) in the 2017/18, com-
pared with the highest of 60% also in children of
10–14 years and the lowest of about 15% in
children of 5–9 years and adults of 26–44 years
and 65+ years of age in the 2016/17 season
(Kowalczyk et al. 2019). On the positive side,
considering that children, particularly of young
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age belong to a high risk population for influenza
infection, protection factor in the 2017/2018 epi-
demic season was clearly higher in the age groups
up to 14 years, than in the adult groups older than
15 years of age. Of note, in case of influenza B
virus lineages, Yamagata lineage enjoyed a
higher protection factor than that of Victoria line-
age in the current season, which was due likely to
the predominance of Yamagata lineage as
opposed to the previous season when Victoria
linage predominated (Flu News Europe 2018).
However, generally low levels of protection fac-
tor, lower than the set safety limit of 70% (Brydak
2008) outstandingly point to, and result from, a
very low percentage of population being
vaccinated against influenza in Poland. On aver-
age, this vaccination rate amounts to 3.6% in the
current season. In the age group of 0–4 years it
was 0.60% in 2016/17, which dropped to 0.54%
in 2017/18 season, with a slightly better result in
the group of 5–14 years where it was about con-
stant around 0.94% in both seasons. A low per-
centage of the vaccinated children population up
to 14 years of age indicates that the protective
antihemagglutinin antibody titer is a result of
antecedent infection.
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Abstract

People most at risk of influenza complications
are the elderly with impaired immunity. Clini-
cal picture of influenza virus infection includes
symptoms such as chills, increased body tem-
perature, dry cough, chest pain, or dizziness as
well as headaches and muscle aches. In the
diagnosis of influenza, quick and effective
tests are necessary. Sensitive diagnostic
methods of molecular biology require more
time, but the result firmly confirm or exclude
the presence of the genetic material of influ-
enza or other respiratory viruses. Influenza
vaccination plays an important role in combat-
ing influenza infection. Unfortunately, the
awareness of vaccination benefits is insuffi-
cient in Poland. In this study we demonstrate
the results of examination of 4,507 people
aged over 14 years toward the influenza infec-
tion in the epidemic season of 2017/18. Most
of the confirmed infections were reported in
older people aged over 65, a high-risk popula-
tion group. A low percentage of the vaccinated

population may affect an increased number of
confirmed influenza viruses in the elderly. The
findings demonstrate a need to increase aware-
ness of vaccination benefits, which is particu-
larly essential to avoid influenza infection in
the elderly.
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1 Introduction

There are four types of influenza viruses: A, B, C,
and D. Types A and B are responsible for sea-
sonal outbreaks. Type A viruses are divided into
subtypes, and currently, there are A/H1N1/
pdm09 and A/H3N2/ subtypes circulating in the
population, while influenza B viruses belong to
two lineages: B/Victoria and B/Yamagata. At
present, only type A viruses are responsible for
causing a pandemic flu (CDC 2018a;
Ghebrehewet et al. 2016). The population groups
most vulnerable to complications associated with
influenza virus infections are the elderly, children
under 5 years of age, people with chronic
diseases, pregnant women, health care workers,
and people with immunological diseases that
impair natural immunity (WHO 2018).
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General symptoms of influenza virus infection
consist of a sudden appearance of high fever,
cough, headache, myalgia, and general malaise.
Respiratory symptoms include sore throat and dry
painful cough. In addition, symptoms from other
organ systems may appear such as anorexia, diz-
ziness, muscle pain, and nausea and vomiting in
children. These symptoms would appear after a
short incubation period of 1–2 days (ECDC 2018;
Paules and Subbarao 2017).

An effective laboratory diagnosis of influenza
is necessary to promptly provide appropriate
antiviral treatment of infection. The fastest diag-
nostic method is a rapid influenza swab-based
testing that shows sensitivity of about 70% or
between 27% and 61%, depending on the source.
The advantage of this test the speed as it takes
15–30 min to complete and the ease of
performing it as it can be done outside a
specialized laboratory. The disadvantage, how-
ever, is a substantial risk of false negative results
due to rather low sensitivity or false positive
results due to misinterpretation of weak bands in
the test (Dwyer et al. 2006). The reverse
transcription-polymerase chain reaction
(RT-PCR) remains the most sensitive method
for the detection of viral genetic material. This
method takes less than a working day to complete
a test and the advantage is the ability to detect
more than just one respiratory virus when a mul-
tiplex set is used. Another possible method is the
immunofluorescence-based reaction of hemag-
glutination inhibition, which defines the antiviral
antibody titers (Kissova et al. 2014).

Protective vaccination is important in combat-
ing the influenza virus. Studies have shown that
people vaccinated against influenza have signifi-
cantly fewer influenza-like virus infections
(Taksler et al. 2015). The knowledge about the
benefits of influenza vaccination is insufficient in
Poland, among both the medical personnel and
the lay public. Parents do not vaccinate their
children against influenza due mostly to the lack
of knowledge about the benefits of it (Wozniak-
Kosek et al. 2015). The risk–benefit ratio of vac-
cination has changed downward over the past
decades, reducing mortality, particularly among
adults (Pfleiderer 2014; Brydak 2012). A greater

coverage rate of vaccination also substantially
reduces the economic impact of influenza infec-
tion. A previous study showed that about 50% of
older people who had been vaccinated developed
influenza in the season of 2015/16, but they did
not require hospitalization, which points to a mild
course of the infection. Influenza vaccine also is
fully effective in older people with the underlying
chronic pathological conditions (Rondy et al.
2017). The present study seeks to determine the
incidence of influenza infection in persons aged
over 14 years in the epidemic season of 2017/18
in Poland.

2 Methods

2.1 Patients and Samples

In this study we examined over 4507 specimens
obtained from patients over 14 years of age dur-
ing the epidemic influenza season of 2017/18 in
Poland. The specimens consisted of throat and
nasal swabs or of bronchial tree lavage. The
patients were divided into the following age
groups: 15–25, 26–44, 45–64, and 65+ years of
age. Genetic material of respiratory viruses was
isolated from the specimens, using 200 μL
samples suspended in sterile phosphate-buffered
saline solution. Viral RNA was isolated with the
Maxwell 16 Viral Total Nucleic Acid Purification
Kit (Promega Corporation; Madison, WI). The
procedure was carried out in accordance with
the manufacturer’s instructions.

2.2 Molecular Procedures

Real-Time Polymerase Chain Reaction (PCR)
The primers and probes were obtained from the
International Reagent Resource run by the
Centers for Disease Control and Prevention
(CDC) in the US. Briefly, RNA was reversely
transcribed at 50 �C for 30 min. The DNA
obtained was subjected to the initial denaturation
process (1 cycle at 95 �C for 2 min), followed by
45 cycles of amplification consisting of denatur-
ation at 95 �C for 15 s, annealing at 55 �C for 10 s,
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and elongation at 72 �C for 20 s. Positive control
was the viral RNA obtained from the vaccine
strains for the epidemic season of 2017/18
(A/Michigan/45/2015 pdm09-like virus,
A/HongKong/4801/2014, and B/Brisbane/60/
2008), and negative control was RNase-free
water. The PCR reactions were performed using
the LightCycler 2.0 System (Roche Diagnostics;
Rotkreuz, Switzerland).

Conventional Multiplex PCR The tests were
performed to identify the presence of the follow-
ing respiratory viruses in the sampled material:
influenza A and B; adenovirus; respiratory syncy-
tial virus (RSV) A and B; human
metapneumovirus (hMPV); human coronavirus
(hCoV); human parainfluenza viruses 1, 2, 3;
human bocavirus; and enterovirus. The RV15
OneStep ACE Detection Kit (Seegene; Seoul,
South Korea) was used to determine the infection
by the influenza-like viruses above outlined.

3 Results and Discussion

Distribution of the investigated specimens by
age of patients is presented in Fig. 1. The
patients aged 65+ constituted the most numerous
group, followed by the groups of 45–64 and
26–44 years of age, with the least numerous
being 15–25 years group. The prevailing type

of infection was influenza B virus, followed by
type A unsubtyped and the A/H1N1/pdm09 and
A/H3N2/ subtypes (Fig. 2).

Concerning the prevailing influenza type B
infections, the greatest incidence was reported
in persons aged 65+, followed by the groups of
15–25, 45–64, and 26–44 years of age. The
majority of infections with type A virus
unsubtyped were recorded in the group of
26–44 years of age, followed by the groups of
45–64 and 65+ years of age, with the least
frequent in the 15–25 years group. The
A/H1N1/pdm09 subtype was noted, in decreas-
ing order of frequency, in the groups of 26–44,
45–64, 15–25, and 65+ years of age. The preva-
lence of infections with the A/H3N2/ subtype
did not exceed 1.5% in any of the age groups.
This subtype was the most prevalent pathogen in
the group of 15–25 years of age, with a decreas-
ing incidence in the successive age groups to
reach a barely noticeable level of 0.29% in the
elderly (Fig. 3).

In contradistinction to influenza infections,
influenza-like infections with respiratory viruses
were most often diagnosed in the youngest adult
group of 15–25 years of age. One half of these
infections were due to RSV, followed by PIV-1
and 2, hCoV, and hMPV. In the group of
26–44 years of age, a similar number of respira-
tory viruses was detected, with RSV, PIV-2 and
3, and rhinovirus being the most frequently

15–25 years
7 %

26–44 years
21 %

45–64 years
29 %

65+ years
43 %

Fig. 1 Percentage
distribution of investigated
specimens by patients’ age
during the influenza
epidemic season of 2017/18
in Poland
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detected. The frequency of detection of respira-
tory viruses decreased with patients’ age. Fewer
viruses were detected in the 45–64 age group, and
they were identified as RSV, PIV-1, and corona-
virus. The most seldom infections were reported
in the elderly, in whom RSV was most frequently,
followed by PIV-1 (Fig. 4).

In the epidemic season of 2017/18 in Poland,
there were 2,971,031 cases and suspected cases of
infection with influenza viruses in persons over

14 years of age, of which 2,455,933 cases
occurred in people aged 15–64 years and
515,098 in those over 65 years of age. The per-
centage of people vaccinated against influenza in
the fall of 2017 was 1.57% and 7.52% in the
respective cohorts. For comparison, the vaccina-
tion rate was 3.7% in the 2017/18 season in the
population of the entire country (PZH 2018). To
protect the population from complications
resulting from influenza infection, it is paramount

A unsubtype
19 %

A/H3N2/
1 %

B
72 %

A/H1N1/pdm09
8 %

Fig. 2 Prevalence of
confirmed infections with
influenza viruses in patients
over 14 years of age during
the epidemic season of
2017/18 in Poland
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Fig. 3 Percentage distribution of confirmed infections with influenza viruses and their subtypes by successive age
groups during the epidemic season of 2017/18 in Poland
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to increase the vaccination coverage, mainly in
people at risk of infection. The greater the number
of people inoculated in their environment, the
lower is the general risk of infection. Thus,
those who cannot be vaccinated against influenza,
for instance, due to allergies to vaccine
ingredients, such as gelatin or some antibiotics,
which often concerns children below the age of
6 months, would also be protected to an extent on
the basis of collective resistance (CDC 2018b).
Previous studies have shown that the vaccination
coverage in a population should range from 33%
to 73% to maximize the benefits of collective
immunity and to reduce the transmission of influ-
enza viruses (Logan et al. 2018; Plans-Rubió
2012). The present report demonstrates that influ-
enza viruses can infect an adult person of any age.
A study by Caini et al. (2018) have pointed,
however, to the possibility of some
age-dependent patterns of infection in that influ-
enza B is more frequently detected in older chil-
dren, while the subtype A(H3N2) is more
common in the elderly.

In the 2017/18 influenza epidemic season, a
larger number of specimens taken from people
above 14 years of age were analyzed compared

to the past 2016/17 season; 4507 and 2882,
respectively (Kowalczyk et al. 2018). The distri-
bution of infections among the age groups was,
however, similar in the two seasons, with the
larger number of positive results recorded in peo-
ple over 65 years of age and a decreasing number
of infections with decreasing age, with the
smallest number in the 15–25 years group. In
conclusion, the findings of this report emphasize
a need to increase awareness of vaccination
benefits, which is particularly essential to avoid
influenza infection in the elderly.
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