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COVID-19 coronavirus disease 2019
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3. Streszczenie w jezyku polskim

Spirometria odgrywa kluczowsg i dobrze udokumentowana role w rozpoznawaniu i
monitorowaniu obturacyjnych chorob ptuc — przewleklej obturacyjnej choroby ptuc (POChP)
oraz astmy. Pomimo to, potencjal spirometrii jako narz¢dzia diagnostycznego oraz
monitorujgcego U 0s0b z tymi chorobami nie jest w pelni wykorzystany. Wynika to z wcigz
ograniczonej dostepnos$ci spirometrow, zwlaszcza w placowkach ochrony zdrowia na terenach
wiejskich, presji czasowej w pracy lekarzy, braku regularnych szkolen personelu medycznego,
problemdw technicznych (np. nieregularnego serwisowania i kalibracji urzadzen), stosowania
nieaktualnych wartosci referencyjnych oraz obaw przed niespetnieniem standardow badan
zgodnych z aktualnymi wytycznymi.

W XXI wieku rozwdj technologii umozliwit stworzenie przenosnych spirometréw (PS),
ktore charakteryzuja sie lekkoscia, prostota obstugi oraz stosunkowo niskim kosztem. Dzigki
technologii Bluetooth (technologia bezprzewodowa krotkiego zasiegu) urzadzenia pomiarowe
moga taczy¢ si¢ z telefonami komorkowymi, co pozwala na ich zastosowanie niemal wszedzie
— zaréwno w niewielkich placéwkach podstawowej opieki zdrowotnej, jak i w domach
pacjentow. Niektore modele PS oferuja funkcje automatycznej analizy poprawnosci
przeprowadzanego badania zgodnie z wytycznymi American Thoracic Society/ European
Respiratory Society (ATS/ERS), wskazujac btedy, ktore wptywaja na ostateczny wynik i jego
interpretacje. Co wigcej, wiekszo$¢ PS wykorzystuje najnowsze wartosci referencyjne Global
Lung Initative (GLI) 2012, a niektére modele nie wymagaja regularnego serwisowania ani
kalibracji. Istotne jest rowniez to, ze dokladno$¢ PS jest porownywalna z wynikami
uzyskiwanymi przy uzyciu stacjonarnych spirometrow stanowigcych wyposazenie pracowni
spirometrycznych. Szerszy dostep do PS moze znaczaco przyczynic¢ si¢ do wczes$niejszego
rozpoznawania chorob obturacyjnych w podstawowej opiece zdrowotnej, co umozliwi
wdrozenie wczesnej interwencji terapeutycznej.

PS znajduja zastosowanie takze w monitorowaniu innych choréb phluc poza
obturacyjnymi. Dzigki mozliwo$ci wykonywania pomiaréw w domu pacjenta, PS pozwalaja na
monitorowanie  przebiegu mukowiscydozy, ocen¢ skuteczno$ci leczenia  lekami
antyfibrotycznymi u pacjentéw z chorobami §rodmigzszowymi phluc, wczesne wykrywanie
powiktan plucnych u biorcéw allogenicznych przeszczepdéw komodrek hematopoetycznych oraz
kontrole funkcji ptuc u pacjentdw po przeszczepieniu ptuc.

Wychodzac poza stacjonarne pracownie spirometryczne, PS moga wspiera¢ rozwoj
proaktywnych strategii w zakresie wczesnego rozpoznawania POChP. Dzigki mobilnosci tego
typu urzadzen przesiewowe badania spirometryczne moga by¢ przeprowadzane W miejscach

publicznych jak lotniska, dworce kolejowe czy centra handlowe.
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Zagadnienia zwigzane z wykorzystaniem przeno$nego spirometru w diagnostyce
POChP stanowily temat przewodni wszystkich czterech publikacji, ktore zlozyly si¢ na
niniejsza rozprawe doktorska. Trzy publikacje przedstawiaja wyniki badan oryginalnych,
natomiast jedna ma charakter przegladu systematycznego.

Szczegotowe cele badania obejmowaty:

1. oceng skuteczno$ci proaktywnych strategii wykorzystujacych przenosny spirometr w
rozpoznawaniu POChP u 0s6b z grupy wysokiego ryzyka,

2. ocen¢ mozliwos$ci zastosowania przenosnego spirometru w réznych warunkach:

a) w podstawowej opiece zdrowotnej na skale krajows,

b) u pacjentéw hospitalizowanych w oddziatach pulmonologii i kardiologii,

c) w akcji badan spirometrycznych przeprowadzonych poza placéwkami ochrony
zdrowia,

3. 0szacowanie czestosci wystgpowania POChP zdiagnozowanego za pomoca
przenosnego spirometru u pacjentow z czynnikami ryzyka oraz poréwnanie tych
wynikow z czestoscig wystepowania choroby, odnotowywang w badaniach z
wykorzystaniem konwencjonalnych spirometrow,

4. analize poprawnos$ci badan przeprowadzanych z uzyciem przenos$nego spirometru oraz
identyfikacj¢ najczesciej popelnianych btedow.

Badanie opisane w publikacji Public spirometry campaign in chronic obstructive
pulmonary disease screening - hope or hype? (doi:10.5603/ARM.2017.0024) miato na celu
ocene skutecznosci publicznej akcji badan spirometrycznych w identyfikacji 0oséb z obturacja
drég oddechowych, sugerujaca POChP. Akcja spirometryczna zostata przeprowadzona wsrod
przechodniow na terenie jednego ze stotecznych dworcow kolejowych. W badaniu wziety
udzial osoby powyzej 40. roku zycia z wywiadami palenia papieroséw przekraczajacymi 10
paczkolat, ktore zaproszono do wypetnienia ankiety i wykonania spirometrii. Sposrod 905
zaproszonych jedynie 178 0séb (19,6%) zgodzito si¢ na udziat. U 22 (12,3%) os6b wykryto
obturacje drog oddechowych, a u 37 (20,7%) stwierdzono wyniki zblizone do dolnej granicy
normy. Jedynie 15 (25,4%) pacjentow zglosito si¢ na wizyte kontrolng do stacjonarnej
pracowni spirometrycznej w celu potwierdzenia wyniku. Ekstrapolacja danych sugerowata, ze
zdiagnozowanie obturacji bylo mozliwe u 10,7% uczestnikdw badania. Wyniki badania
wskazuja, ze publiczne kampanie spirometryczne sg mato skuteczne w wykrywaniu POChP, a
osoby palace, nawet przy obecnosci wyraznych objawdéw oddechowych, niechetnie korzystaja

z mozliwosci wykonania spirometrii.

11



Celem badania stanowigcego podstawe publikacji Active screening for COPD among
hospitalized smokers - a feasibility study (doi:10.1177/2040622320971111) byta ocena
skutecznosci wykorzystania przenosnego spirometru w rozpoznawaniu POChP u pacjentow z
czynnikami ryzyka, hospitalizowanych na oddziatach pulmonologii i kardiologii. Do badania
zakwalifikowano 188 pacjentdbw w wieku >40 lat z wywiadami palenia papieroséw (>10
paczkolat); sposrod nich 116 o0sob (62%) zgodzito si¢ na udzial w badania. Badanie
przeprowadzano bezposrednio przy 16zku chorego. Spirometria z wykorzystaniem przeno$nego
spirometru zostata poprawnie wykonana u 94 z nich (81%). POChP rozpoznano u 32 (34%)
0s0b, w tym u 9 po raz pierwszy. Nowo zdiagnozowani pacjenci byli mtodsi, mieli dluzszy
okres abstynencji od palenia papieroséw oraz tagodniejsze objawy w poroéwnaniu z osobami, u
ktérych choroba byla juz wczesniej rozpoznana. Wigkszo$¢ nowych przypadkow
charakteryzowata si¢ tagodnym lub umiarkowanym ograniczeniem przeptywu powietrza.
Podsumowujgc wyniki badania zasugerowano, ze taka strategia wykonywania badan
spirometrycznych moze skutecznie zwigkszy¢ wykrywalno$¢ POChP w szpitalach, szczegodlnie
u bytych palaczy z tagodnymi objawami.

Kolejna publikacja The use of a mobile spirometry with a feedback quality assessment
in primary care setting - A nationwide cross-sectional feasibility study.
(doi:10.1016/j.rmed.2021.106472) opisuje badanie, ktérego celem byta ocena przydatnosci
przenos$nych spirometroéw w podstawowej opiece zdrowotnej w Polsce. W okresie od wrzesnia
2018 do wrzesnia 2019 roku przeprowadzono 10 936 spirometrii u 9 855 pacjentow. Wszyscy
cztonkowie personelu medycznego wykonujacy badania przeszli krétkie, dwugodzinne
szkolenie. Spirometri¢ wykonywano u pacjentdw zglaszajacych objawy ze strony uktadu
oddechowego lub nalezacych do grupy ryzyka chor6b obturacyjnych. W badaniu analizowano
najczestsze btedy popetniane podczas wykonywania spirometrii. Spo$rod wszystkich badan
49% spenialo kryteria technicznej poprawnosci, a najczgstszym bledem bylo nieuzyskanie
plateau w koncowej fazie wydechu (17,7%). Wyzszy odsetek poprawnych badan odnotowano,
gdy byly one wykonywane przez osoby z personelu medycznego w wieku >40. r.z. oraz gdy
badanie bylo powtorzone podczas tej samej wizyty. Obturacje drog oddechowych stwierdzono
w 17% technicznie poprawnych badan. Wyniki badania sugeruja, Zze przenos$ne spirometry
mogg by¢ skutecznie wykorzystywane w podstawowej opiece zdrowotnej. W celu poprawy
jako$ci badan konieczne jest wprowadzenie intensywniejszych i regularnych szkolen dla
personelu medycznego.

Czwarta praca wchodzaca w sktad niniejszej rozprawy, ma charakter przegladu
systematycznego: How to enhance the diagnosis of early stages of chronic obstructive
pulmonary disease (COPD)? The role of mobile spirometry in COPD screening and diagnosis-
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a systematic review. (doi:10.3390/arm92020018). Miata ona na celu ocene czestoSci
wystepowania POChP zdiagnozowanego za pomocg przenosnych spirometrow u pacjentow z
grupy wysokiego ryzyka oraz porownanie tych wynikow z danymi uzyskanymi przy uzyciu
tradycyjnych spirometrow stacjonarnych. Przeprowadzono systematyczny przeglad literatury
w celu zidentyfikowania odpowiednich badan w jezyku angielskim, opublikowanych w okresie
od 1958 roku do 7 grudnia 2021 roku. Zrodtem danych byty bazy: PubMed, Cochrane Central
Register of Controlled Trials oraz Embase. Stowa kluczowe uzyte w wyszukiwaniu
obejmowaly kombinacje terminéw zwigzanych z POChP, spirometria oraz badaniami
przesiewowymi.

Do analizy zakwalifikowano badania spetniajace nastgpujace kryteria:

a. spirometria zostata wykonana u os6b w wieku >35. r.z. z wywiadami palenia papieroséw
(>10 paczkolat),

b. w badaniu wykonano probe rozkurczowa z uzyciem przenosnego lub tradycyjnego
spirometru,

c. celem badania byta ocena czestoSci wystgpowania utrwalonej obturacji.

Ostatecznie w analizie uwzgledniono 28 prac opublikowanych w latach 2007 — 2021.
Srednia czesto$¢ rozpoznania POChP przy zastosowaniu przenosnych spirometréw wynosita
20,27%, co byto nieco nizszym wynikiem w poroéwnaniu do tych, uzyskanych przy uzyciu
tradycyjnych spirometrow (24,67%). W 11 analizowanych publikacjach prob¢ rozkurczows
przeprowadzono za pomocg przenos$nego spirometru. Wyniki przegladu systematycznego
wskazuja, ze przenosne spirometry charakteryzuja si¢ jedynie nieznacznie nizsza skutecznoscia
w przesiewowym wykrywaniu POChP w poréwnaniu z tradycyjnymi spirometrami. Tego typu
urzadzenia moga stanowi¢ wiarygodne narzedzie diagnostyczne, umozliwiajace
przeprowadzenie proby rozkurczowej i potwierdzenie nieodwracalnego ograniczenia
przeplywu powietrza, ktore u osob palacych jest podstawa rozpoznania POChP.

Przeprowadzone badania pozwolily na sformutowanie nastgpujacych wnioskoéw
odpowiadajacych celom badawczym:

1. przenosne spirometry moga by¢ skutecznie wykorzystywane w proaktywnych
strategiach diagnostycznych, ukierunkowanych na wykrywanie POChP u 0s6b z grupy
wysokiego ryzyka;

2. przenosne spirometry moga by¢ z powodzeniem stosowane w diagnostyce POChP w
réznych warunkach klinicznych, w tym w podstawowej opiece zdrowotnej, u pacjentow
hospitalizowanych oraz w ramach badan przesiewowych prowadzonych poza

placéwkami medycznymi;
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3.

czgstos¢ wystepowania POChP, zdiagnozowanego za pomocg przeno$nego spirometru
u pacjentow z czynnikami ryzyka wynosi okoto 20% i jest jedynie nieznacznie nizsza
niz odsetek rozpoznan uzyskiwanych przy uzyciu konwencjonalnych spirometrow;

analiza najczesciej popelnianych bledow w badaniach spirometrycznych wykazata, ze
kluczowym czynnikiem wptywajacym na jako$¢ wynikow jest odpowiednie
przygotowanie techniczne oraz doswiadczenie personelu medycznego. W celu poprawy
precyzji pomiarow konieczne jest wprowadzenie regularnych szkolen oraz procedur

kontrolnych.
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4. Streszczenie w jezyku angielskim
The use of portable spirometers in the diagnosis of obstructive lung diseases

Spirometry plays a crucial and well-documented role in the diagnosis and monitoring of
obstructive lung diseases, including Chronic Obstructive Pulmonary Disease (COPD) and
asthma. Despite this, the full potential of spirometry as a diagnostic and monitoring tool for
individuals with these conditions is not yet fully utilized. This is due to the still limited
availability of spirometers, especially in healthcare facilities in rural areas, time pressure on
doctors, lack of regular staff training, technical issues (e.g., irregular servicing and calibration
of devices), the use of outdated reference values, and concerns about meeting the standards of
tests according to current guidelines.

In the 21st century, the development of technology has made it possible to create
portable spirometers (PS), which are characterized by their lightness, ease of use, and relatively
low cost. Thanks to Bluetooth technology (short-range wireless technology), measuring devices
can connect to mobile phones, making them usable almost anywhere — in small primary
healthcare facilities or even in patients' homes. Some models of PS offer automatic analysis of
test accuracy according to the American Thoracic Society/European Respiratory Society
(ATS/ERS) guidelines, indicating errors that affect the final result and its interpretation.
Moreover, most PS devices use the latest Global Lung Initiative (GLI) 2012 reference values,
and some models do not require regular servicing or calibration. It is also important to note that
the accuracy of PS is comparable to the results obtained using stationary spirometers found in
spirometry laboratories.

Wider access to PS could significantly contribute to earlier diagnosis of obstructive
diseases in primary healthcare settings, enabling the implementation of early therapeutic
interventions. Portable spirometers are also used for monitoring other lung diseases beyond
obstructive ones. By allowing measurements in the patient's home, PS devices enable the
monitoring of cystic fibrosis, the assessment of the effectiveness of antifibrotic treatment in
patients with interstitial lung diseases, early detection of pulmonary complications in recipients
of allogeneic hematopoietic stem cell transplants, and lung function monitoring in patients who
have undergone lung transplants.

Beyond stationary spirometry labs, PS can support the development of proactive
strategies for the early detection of COPD. Due to the mobility of these devices, spirometry
screening tests can be conducted in public places such as airports, train stations, or shopping
malls. The issues related to the use of portable spirometers in the diagnosis of COPD were the

central theme of all four publications that make up this doctoral dissertation.
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The specific objectives of the publications included:

1) evaluating the effectiveness of proactive strategies using portable spirometers for
diagnosing COPD in high-risk individuals,

2) assessing the feasibility of using portable spirometers in different settings:

a) in primary healthcare on a nationwide scale,

b) in hospitalized patients in pulmonology and cardiology departments,

c) during spirometry screening campaigns conducted outside healthcare
facilities.

3) estimating the prevalence of COPD diagnosed using portable spirometers among
patients with risk factors and comparing these results with the prevalence observed in
studies using conventional stationary spirometers,

4) analyzing the accuracy of tests conducted using portable spirometers and identifying
the most common errors.

The first three publications present original research results, while the fourth publication

is a systematic review.

The first study, Public spirometry campaign in chronic obstructive pulmonary disease
screening - hope or hype? (doi:10.5603/ARM.2017.0024), aimed to evaluate the effectiveness
of a public spirometry screening campaign in identifying individuals with airway obstruction
suggesting COPD. The spirometry campaign was conducted among passers-by at a major city
railway station. The study included individuals over 40 years of age with a smoking history
exceeding 10 pack-years, who were invited to complete a questionnaire and perform
spirometry. Of the 905 invited individuals, only 178 (19.6%) agreed to participate. Airway
obstruction was detected in 22 (12.3%) participants, and 37 (20.7%) had results close to the
lower limit of normal. Only 15 (25.4%) patients attended a follow-up visit at a stationary
spirometry laboratory to confirm the result. Data extrapolation suggested that airway
obstruction was detectable in 10.7% of participants. The study results indicate that public
spirometry campaigns are ineffective in detecting COPD, and smokers, even with clear
respiratory symptoms, are reluctant to undergo spirometry.

The second study, Active screening for COPD among hospitalized smokers - a
feasibility study (doi:10.1177/2040622320971111), aimed to evaluate the effectiveness of using
portable spirometers to diagnose COPD in high-risk patients hospitalized in pulmonology and
cardiology departments. The study included 188 patients aged >40 years with a smoking history
(>10 pack-years); 116 individuals (62%) agreed to participate. Spirometry was conducted at the
patient's bedside. Spirometry using portable spirometers was performed correctly in 94
individuals (81%). COPD was diagnosed in 32 (34%) of them, including 9 for the first time.
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Newly diagnosed patients were younger, had a longer period of smoking cessation, and had
milder symptoms compared to those with a prior diagnosis. Most new cases showed mild to
moderate airflow limitation. In conclusion, the study suggested that this spirometry screening
strategy could effectively increase COPD detection in hospitals, especially among former
smokers with mild symptoms.

The third study, The use of mobile spirometry with feedback quality assessment in
primary care setting - A nationwide cross-sectional  feasibility  study
(doi:10.1016/j.rmed.2021.106472), aimed to assess the feasibility of portable spirometers in
primary healthcare in Poland. Between September 2018 and September 2019, 10,936
spirometries were performed on 9,855 patients. All medical personnel performing the tests
underwent a brief, two-hour training session. Spirometry was performed on patients presenting
respiratory symptoms or belonging to a high-risk group for obstructive diseases. The study
analyzed the most common errors made during spirometry. Among all tests, 49% met the
technical accuracy criteria, with the most frequent error being the failure to achieve a plateau
in the final phase of exhalation (17.7%). A higher percentage of accurate tests was noted when
performed by medical personnel over 40 years old and when the test was repeated during the
same visit. Airway obstruction was found in 17% of technically accurate tests. The study's
results suggest that portable spirometers can be effectively used in primary healthcare. To
improve test quality, more intensive and regular staff training is necessary.

The final, fourth publication in this dissertation is a systematic review: How to enhance
the diagnosis of early stages of chronic obstructive pulmonary disease (COPD)? The role of
mobile spirometry in COPD screening and diagnosis - a systematic review
(doi:10.3390/arm92020018). It aimed to evaluate the prevalence of COPD diagnosed with
portable spirometers among high-risk patients and compare these results with data obtained
from traditional stationary spirometers. A systematic review of the literature was conducted to
identify relevant studies published in English from 1958 to December 7, 2021. Data sources
included PubMed, the Cochrane Central Register of Controlled Trials, and Embase. Keywords
related to COPD, spirometry, and screening were used in the search.

The review included studies meeting the following criteria:

a. spirometry was performed on individuals aged >35 years with a smoking history (>10 pack-
years),

b. the study included a bronchodilator test using either a portable or traditional spirometer,

c. the aim was to assess the prevalence of persistent airway obstruction.

A total of 28 studies published between 2007 and 2021 were included in the analysis.
The average COPD diagnosis rate using portable spirometers was 20.27%, slightly lower than
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the 24.67% obtained using traditional spirometers. In 11 of the analyzed publications, the
bronchodilator test was conducted with a portable spirometer.

The results of the systematic review indicate that portable spirometers have only a
slightly lower effectiveness in screening for COPD compared to traditional spirometers. These
devices can be a reliable diagnostic tool, enabling the bronchodilator test and confirming
irreversible airflow limitation, which, in smokers, is the basis for diagnosing COPD.

In conclusion, the results of the conducted studies and the systematic literature analysis indicate
that portable spirometers can be successfully used for detecting COPD in various clinical and
population settings.

The conducted research allowed for the formulation of the following conclusions

corresponding to the research objectives:

1. portable spirometers can be effectively used in proactive diagnostic strategies aimed at
detecting COPD in high-risk individuals.

2. portable spirometers can be successfully applied in COPD diagnostics across various
clinical settings, including primary healthcare, hospitalized patients, and screening
programs conducted outside medical facilities.

3. the prevalence of COPD, diagnosed using a portable spirometer in patients with risk
factors, is approximately 20% and is only slightly lower than the detection rate obtained
with conventional spirometers.

4. an analysis of the most common errors in spirometric examinations has shown that
proper technical preparation and the experience of medical personnel are crucial for
result quality. To improve measurement accuracy, regular training and control

procedures should be implemented.

18



5. Wstep

Ponizej zaprezentowano zarys historii spirometrii — od pierwszych prototypow
stworzonych przez Hutchinsona po nowoczesne, mobilne spirometry elektroniczne [1].

Przedstawiono rowniez zalety PS oraz ich zastosowanie w praktyce klinicznej.

5.1 Od wodnego spirometru Hutchinsona do wielofunkcyjnego przeno$nego spirometru

elektronicznego — krotka historia spirometrii

Spirometria stanowi podstawowe badanie czynnos$ciowe uktadu oddechowego, ktorego
historia sigga pierwszej potowy XIX wieku. Przesledzenie jej rozwoju ukazuje, jak w
niezwykty sposob technologia zmienita oblicze medycyny na przestrzeni ostatnich 180 lat,

pozwalajac jednoczesnie doceni¢ zalety wspdlczesnego sprzetu diagnostycznego.

5.1.1 Pierwsze spirometry

Pierwsze proby pomiaru objetosci oddechowych podejmowane byty juz w XVII i XVIII
wieku przez naukowcow takich jak Giovanni Alfonso Borelli i Jan Ingenhousz, ktorzy badali
mechanizmy oddychania. Cho¢ ich metody byly niedoskonale, stanowily wazny krok w
Kierunku zrozumienia fizjologii uktadu oddechowego. Za tworcg pierwszego spirometru uznaje
si¢ brytyjskiego chirurga Johna Hutchinsona, ktory w 1846 roku opublikowal wyniki swoich
prac nad urzadzeniem stuzacym do pomiaru podstawowych parametréw czynno$ciowych
uktadu oddechowego [2]. Spirometr Hutchinsona pozwalal na pomiar pojemnos$ci zyciowe;j
ptuc (ang. VC, vital capacity). Ponadto, to wtasnie Hutchinson wprowadzit do powszechnego
uzycia pojecie objetosci zalegajacej ptuc (ang. RV, residual volume). Do wykonywania swoich
pomiarow Hutchinson wykorzystywat spirometr wodny (dzwonowy) (rycina 1). Co ciekawe,
poczatkow0 badania prowadzit na zwlokach. Wynalazek Hutchinsona, cho¢ do$¢ powszechnie
uzytkowany przez dhugi czas, miat ograniczone zastosowanie. Pojemnos$¢ zyciowa ptuc moze
pozostawaé prawidlowa nawet w cigzkich chorobach ptuc. Dlatego jeszcze w XX wieku do
oceny przeptywu powietrza przez drogi oddechowe wykorzystywano znacznie prostsze

narzgdzia, takie jak proba gaszenia ptongcej Swiecy lub zapalki.

19



Disonan 26,

Position of the body in filling the chest before breathing into the
Spirometer.

Rycina 1. Diagramy 25. i 26. z oryginalnej publikacji Hutchinsona opisujacej spirometr.
Diagram 25. przedstawia wewng¢trzne mechanizmy spirometru, a diagram 26. demonstruje, w
jaki sposob ustawi¢ pacjenta w stosunku do urzadzenia. Zaadaptowano z: Hutchinson J. On the
capacity of the lungs and on the respiratory functions, with a view of establishing a precise and
easy method of detecting disease by the spirometer. Med Chir Trans. 1846;29:137-252.

Mozliwo$¢ pomiaru natezonej objetosci wydechowej pierwszosekundowej (ang. FEV],
forced expiratory volume in 1 second) pojawila si¢ wraz ze skonstruowaniem w 1920 roku
przez Alfreda Fleischa pneumotachometru, ktory umozliwil rejestracje szybkosci przeptywu
gazu w drogach oddechowych.

Kolejnym krokiem milowym w rozwoju spirometrii byto opisanie w 1947 roku
podstawowego sposobu oceny droznosci drog oddechowych za pomocg pomiaru nat¢zonej
objetosci wydechowej pierwszosekundowej odniesionej do pojemnosci zyciowej (FEV1/VC).
Pomiarowi temu, wykorzystywanemu do dzisiaj, nadano nazwe wskaznika Tiffeneau, na czes$¢
jednego z jego twércow [3].

Prawdziwa rewolucja w historii spirometrii dokonata si¢ jednak dopiero w latach
siedemdziesigtych ubieglego stulecia. Wprowadzono wéwczas spirometr elektroniczny. To

wlasnie masowa produkcja elektronicznego spirometru dziatajacego na zasadzie
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pneumotachometru przyczynila si¢ do rozpowszechnienia badan spirometrycznych w Polsce i

na $wiecie [4].

5.1.2 Standaryzacja spirometrii

W kolejnych latach zaczgto wykorzystywaé spirometr do przeprowadzania badan
populacyjnych [5]. Przeszkoda w stosowaniu spirometru na szersza skale byta jednak szeroka
roznorodno$¢ dostepnych spirometréow oraz brak standardowych metod testowania, CO
powodowato znaczng zmienno$¢ pomiarow. Z tego powodu najwigksze Swiatowe towarzystwa
chorob ptuc - American Thoracic Society oraz European Respiratory Society zorganizowaly
spotkania badaczy majace na celu opracowania w formie wytycznych, pierwszych standardow
dotyczacych spirometrii (ATS — 1979; ERS — 1983) [6]. Wytyczne te opisywaly specyfikacje
sprzetu, kontrole jakosci badan, wykonania manewrow, standardow akceptowalnosci i
powtarzalno$ci, a takze okreslity wartosci referencyjnych poszczegdlnych parametrow.
Aktualizacje wytycznych przygotowane przez oba towarzystwa zostaly opublikowane w roku
2005 oraz 2019 [7, 8].

Opracowanie roéwnan referencyjnych, uwzgledniajacych réznice w oczekiwanych
warto$ciach spirometrycznych zwigzanych z wiekiem, wzrostem, plcig oraz pochodzeniem
etnicznym okazato si¢ kwestig nie mniej istotng w prawidtowej interpretacji spirometrii niz
standaryzacja. Pierwsze powszechnie wykorzystywane réwnania referencyjne opracowano w

1983 roku w Europejskiej Wspdlnocie Wegla i Stali, w sktad ktorej wchodzito szes¢ panstw

(Belgia, Francja, Holandia, Luksemburg, Niemcy i Wtochy) [9, 10]. Réwnania te, cho¢
stosowane przez wiele lat, posiadaly wiele wad, migdzy innymi zanizaty prognozowane
warto$ci FEV1 1 FVC i nie uwzgledniaty r6znorodnosci etnicznej. Stato si¢ to przyczynkiem do
opracowania przez ERS oraz ATS wilasnych rownan referencyjnych [11-13]. Obecnie
wykorzystywane sa rOwnania referencyjne opracowane w 2012 r. przez Global Lung Function
Initiative (GLI). Réwnania te zostaly przygotowane na podstawie danych spirometrycznych

pochodzacych od ponad 74 tysi¢cy bezobjawowych niepalacych oséb z 26 panstw [14].

5.1.3 Era przeno$nych spirometrow

W kolejnych latach gléwnym problemem we wdrazaniu spirometrii w rutynowej opiece
nad pacjentami z chorobami uktadu oddechowego byta wielkos¢ tradycyjnych aparatow
spirometrycznych, wykorzystywanych przede wszystkim w pracowniach szpitalnych.
Mozliwo$¢ wykonania badania spirometrycznego w warunkach szpitalnych oznaczato jego
mniejszg dostepnos¢ dla pacjentéow, co prowadzito do opdznienia w rozpoznawaniu chordb

phuc. Wprowadzenie mniejszych, przeno$nych spirometréw elektronicznych oznaczato kolejny
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przetom w diagnostyce choréb ptuc, umozliwiajac ,,wyprowadzenie” spirometru ze szpitali do
podstawowej opieki zdrowotnej. Wyniki pierwszych publikacji z lat 90-tych ubiegtego stulecia,
poréwnujacych doktadno$¢ pomiaréw spirometrycznych wykonywanych przez spirometr
przenos$ny z tradycyjnym spirometrem, okazaty sie obiecujgce [15].

W roku 1996 r. w Stanach Zjednoczonych Ameryki Péinocnej zostata powotana
inicjatywa NLHEP (ang. National Lung Health Education Program). Opublikowana przez nig
rekomendacja podkreslata potencjatl spirometrii ambulatoryjnej w zakresie wczesnej
identyfikacji pacjentow zagrozonych POChP. [16]. Kluczowymi przeszkodami w
powszechnym wykonywaniu spirometrii w warunkach ambulatoryjnych, zgodnie z wynikami
badan ankietowych przeprowadzonych w kolejnych latach, okazaty si¢ niewystarczajace
szkolenia oraz brak umiej¢tno$ci poprawne;j interpretacji badania [17, 18]. Nowsze generacje
elektronicznych PS, ktore pojawity si¢ w ciagu ostatniej dekady, rozwigzaty czg¢$¢ problemow

technicznych, ktére wystepowaty w starszych modelach.

5.2 Zalety przeno$nego spirometru

Wspotczesne elektroniczne PS posiadajg liczne zalety. Wiele z nich umozliwia tgcznosé
z telefonami komérkowymi lub tabletami za pomoca technologii Bluetooth. Osoba z personelu
medycznego wykonujaca badanie moze §ledzi¢ jego przebieg na ekranie swojego urzadzenia —
przedstawiane sg niezbedne krzywe objetos¢-czas oraz przeptyw-objetos¢ (rycina 2). Przy
takim rozwigzaniu przeno$ny pneumotachograf pelni jedynie funkcj¢ dedykowanego
rejestratora danych. Zgromadzone informacje sg przesytane do mobilnego urzadzenia, ktore
dzigki odpowiedniej aplikacji, dokonuje ich dalszego przetwarzania. Takie podejscie pozwala
zredukowa¢ wymagania dotyczace mocy obliczeniowej, elementéw interfejsu, rozmiardéw i
kosztéw samego spirometru [19]. Przesytanie danych na zewnetrzne urzadzenie typu tablet lub
telefon komorkowy umozliwia rowniez ich zaawansowang analize za pomocg nowoczesnych
algorytmow, w tym tych opartych na sztucznej inteligencji. Dzigki temu mozliwe jest
wykonywanie bardziej ztozonych zadan, takich jak identyfikacja wzorcoOw spirometrycznych
czy, po uwzglednieniu danych klinicznych, diagnozowanie POChP [20]. Aplikacje opracowane
dla niektérych przenosnych spirometrow oferujg funkcje automatycznej analizy jakoSci
technicznej badah spirometrycznych w czasie rzeczywistym, zgodnie z obowigzujacymi
standardami ATS/ERS [21]. Takie rozwigzanie nie tylko wspiera personel medyczny w
podnoszeniu jakosci wykonywanych badan, lecz takze umozliwia pacjentom samodzielne
przeprowadzanie spirometrii w warunkach domowych przy zachowaniu wysokich standardow
technicznych. Co wigcej, przesytanie danych w czasie rzeczywistym pozwala na zdalny nadzér

nad badaniem wykonywanym przez pacjenta. Za posrednictwem internetowej platformy w
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chmurze technicy mogg szczegdétowo analizowac krzywe przeptyw-objetos¢ oraz objetos¢-czas

miedzy kolejnymi manewrami spirometrycznymi [21].
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Rycina 2. Przenos$ny system spirometryczny AioCare, sktadajacy si¢ z: (1) przeno$nego
spirometru, (2) aplikacji mobilnej oraz (3) panelu online przeznaczonego dla personelu
medycznego. Adaptacja z publikacji: Jankowski P, Gorska K, Mycroft K, et al. The use of a
mobile spirometry with a feedback quality assessment in primary care setting - A nationwide
cross-sectional feasibility study. Respir Med. 2021;184:106472. System AioCare zostat
wykorzystany do przeprowadzenia 2 oryginalnych badan wchodzacych w sktad cyklu
publikacji.

Kolejng z zalet nowoczesnych PS jest wyeliminowanie konieczno$ci kalibracji,
poniewaz jednorazowe turbiny z wbudowanym tachografem sa fabrycznie skalibrowane [22].
Istotne jest roéwniez to, ze doktadno$¢ PS jest poréwnywalna z wynikami uzyskiwanymi przy

uzyciu spirometrow w stacjonarnych pracowniach spirometrycznych [23].
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5.3 Zastosowanie przeno$nych spirometrow w praktyce klinicznej

5.3.1 Wykorzystanie przenos$nych spirometréw w rozpoznawaniu i monitorowaniu astmy

i POChP
A) Astma

Astma nalezy do najczestszych chorob przewleklych. Wedlug danych WHO, na $wiecie
chorujg na nig 262 miliony 0sob [24]. Mimo, ze w wigkszoSci przypadkoéw przebieg choroby
jest tagodny lub umiarkowany, jej objawy znaczaco wptywaja na codzienne zycie pacjentow,
utrudniajac funkcjonowanie, aktywnos¢ spoteczng oraz zawodowa. Diagnostyka astmy czgsto
stanowi wyzwanie, szczegblnie w podstawowej opiece zdrowotnej [25]. Postawienie
prawidtowej diagnozy podczas jednej wizyty jest trudne z uwagi na duzg zmienno$¢ objawow
w czasie oraz obecno$¢ roznych fenotypow choroby. Charakterystyczng cechg astmy jest
zmienno$¢ obturacji drog oddechowych, co od lat znajduje odzwierciedlenie w wytycznych
GINA (ang. Global Initiative for Asthma) 1 zaleceniach ERS, wskazujacych na konieczno$é
wykonywania spirometrii w celu oceny tej zmiennosci [26, 27].

W praktyce klinicznej wielu lekarzy stosuje leczenie empiryczne bez wczesniejszego
wykonania badan czynnosciowych ptuc oraz bez udokumentowania zmiennos$ci przeptywu
powietrza [28]. Jednym z powodow tego podejscia jest ograniczony dostep do spirometrii, nie
wspominajac juz o niewielkim dostepie do innych metod diagnostycznych, takich jak proba
prowokacyjna z metacholing. Diagnostyka oparta wyltgcznie na objawach klinicznych moze
prowadzi¢ zarowno do zbyt rzadkiego, jak 1 nadmiernego rozpoznawania astmy, co skutkuje
opdznieniem w postawieniu wiasciwej diagnozy lub nieskutecznym leczeniem [29]. Wczesne
rozpoczecie terapii kontrolujacej astm¢ ma kluczowe znaczenie nie tylko dla tagodzenia
objawéw, ale réwniez dla zapobiegania zaostrzeniom oraz remodelowania drog oddechowych,
ktore moze prowadzi¢ do trwatej obturacji.

PS aktualnie odgrywaja rolg zarbwno w poprawie procesu diagnostycznego astmy, jak
1 w jej monitorowaniu. Zgodnie z zaleceniami ERS, przenosne spirometry, tansze od
stacjonarnych urzadzen, moga poprawi¢ dostgpnos¢ badan czynno$ciowych phluc w
podstawowej opiece zdrowotnej, szczegblnie w krajach o niskim i §rednim poziomie rozwoju
[27]. Nowoczesne mobilne urzagdzenia mogg by¢ rowniez wykorzystywane w nowatorskich
rozwigzaniach diagnostycznych, takich jak ,spirometryczny holter” [30]. Technologia ta
umozliwia codzienne pomiary spirometryczne wykonywane przez pacjenta w warunkach
domowych przez okres 30 dni, co pozwala uchwyci¢ zmienno$¢ przeptywow w drogach
oddechowych. Pacjent, korzystajac z dedykowanej aplikacji, odnotowuje w tym czasie objawy

ze strony uktadu oddechowego (rycina 3). Zgodnie z wynikami badania Korczynskiego i wsp.,
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codzienne pomiary spirometryczne umozliwily wykrycie obturacji u wszystkich pacjentéw do
21. dnia trwania obserwacji [30]. Co istotne, ponad potowa spirometrii przeprowadzonych w
warunkach domowych spehiata kryteria akceptowalno$ci 1 powtarzalnosci okreslone przez
ERS/ATS. Po przeprowadzeniu dalszych badan, oceniajacych doktadnos$¢ diagnostyczng oraz
efektywno$¢ kosztowa tej metody, ,,spirometryczny holter” moglby w przysztosci sta¢ si¢
szerzej stosowanym narze¢dziem w diagnostyce astmy. Domowa spirometria, wykonywana za
pomocg przeno$nych spirometréw, moze by¢ rowniez skutecznym narzedziem w ocenie
kontroli astmy, w przysztosci stuzac do wezesnego rozpoznawania zaostrzen tej choroby [31-
32].

B) POChP

POCHhP jest jedng z najczgsciej wystepujacych chordb na Swiecie. Szacuje sig, ze dotyka
od 7,6% do 10,3% populacji w wieku 30-79 lat [33]. We weczesnych stadiach choroba
zazwyczaj przebiega tagodnie, co sprawia, ze nawet do 80% osob nig dotknigtych nie zdaje
sobie sprawy z jej obecnosci [34]. POChP jest jednak chorobg postepujaca i potencjalnie
$miertelng. W 2021 roku zajmowata czwarte miejsce wsrdd najczestszych przyczyn zgondéw na
$wiecie [35].

Spirometria pozostaje ztotym standardem diagnostycznym — stwierdzenie utrwalonej
obturacji drog oddechowych umozliwia rozpoznanie POChP u 0s6b z istotna ekspozycja na
czynniki ryzyka (przewaznie dym tytoniowy) [36]. Chociaz spirometria jest fatwym i tanim
badaniem, jest metodg niedoceniang [37]. Podobnie jak w przypadku diagnostyki astmy,
wynika to prawdopodobnie z ograniczonej dostgpno$ci spirometrii w gabinetach, braku
odpowiednio przeszkolonego personelu oraz obaw lekarzy przed bledna interpretacja wynikow.
Dodatkowo, pacjenci z POChP sg trudng psychologicznie grupa, czesto niechetng do
poddawania si¢ badaniom. Ta grupa pacjentow zazwyczaj niech¢tnie korzysta z pomocy
medycznej, a trudno$ci z uzyskaniem porady w placowce ochrony zdrowia moga stanowic
dodatkowy czynnik utrudniajacy diagnostyke.

Z drugiej strony, terminowe rozpoznanie i leczenie POChP ma kluczowe znaczenie dla
spowolnienia progresji choroby, szczegdlnie ze spadek natgezonej objetosci wydechowej
pierwszosekundowej (FEV1) jest zwykle bardziej znaczacy we wczesnych stadiach choroby
[38]. Zaostrzenia POChP moga rowniez wystepowac na jej wezesnym etapie, co potencjalnie
prowadzi do hospitalizacji 1 zwigksza ryzyko zgonu [39]. Z tego wzgledu identyfikacja 1
leczenie osob z POChP, zwlaszcza w jej wezesnych fazach, moze przyczyni¢ si¢ do poprawy
0go6lnego stanu zdrowia pacjentow.

Tak jak w przypadku astmy, wykorzystanie przeno$nych spirometréw moze mieé
znaczenie w poprawie dostgpu do diagnostyki POChP w warunkach podstawowej opieki
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zdrowotnej, umozliwiajac wczesng interwencje terapeutyczng i spowolnienie postepu choroby.
Wecezesne wykrywanie i leczenie pozwala zmniejszy¢ liczbe zaostrzen, co przynosi korzysci
zarobwno medyczne, jak 1 ekonomiczne. Wykazano, ze nowoczesne PS moga by¢ z
powodzeniem wykorzystywane u chorych z POChP w warunkach ambulatoryjnych.
Szczegblnie wazne sg wyniki badan wskazujace na doktadnos¢ PS w rozpoznawaniu POChP
w poréwnaniu z konwencjonalnymi spirometrami [23, 40].

Zgodnie z zaleceniami amerykanskiego panelu ekspertow zajmujgcego si¢ oceng i
rekomendowaniem dziatan profilaktycznych w ochronie zdrowia USPSTF (ang. U.S.
Preventive Services Task Force) rutynowe badania przesiewowe w kierunku POChP u
pacjentow bezobjawowych nie sg zalecane ze wzgledu na ich nieskutecznos$¢ [41]. Diagnostyka
w kierunku POChP jest zalecana u 0s6b wykazujacych objawy ze strony uktadu oddechowego,
takie jak przewlekly kaszel, wykrztuszanie wydzieliny czy zmniejszenie tolerancji wysitku.
Taka strategia stwarza szans¢ na wdrozenie interwencji na wczesnym etapie choroby, co moze
zapobiec jej postepowi [42]. Dodatkowo, raport USPSTF wskazuje, ze badania przesiewowe w
kierunku POChP w grupach wysokiego ryzyka charakteryzuja si¢ stosunkowo wysoka
optacalnos$cig [43].

Umozliwiajagc  zastosowanie  spirometroOw poza tradycyjnymi pracowniami
spirometrycznymi, PS moga wspiera¢ rozwoj proaktywnych strategii wczesnego wykrywania
POChP. Mobilnos¢ takich urzadzen pozwala na wykonanie badania spirometrycznego u osob
z grup ryzyka w miejscach do ktérych trudno dotrze¢ z klasycznym spirometrem, np.
bezposrednio przy t6zku chorego czy w miejscach publicznych. Wtasnie zagadnienia zwigzane
z wykorzystaniem przenosnych spirometrow w diagnostyce POChP w roznych warunkach
klinicznych stanowily gtowny temat czterech publikacji, ktore sktadaja si¢ na te rozprawe

doktorska.
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AloCare Holter Diagnostic Report

Detailed results of spriometry examinations during monitoring
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Rycina 3. Przyklad raportu z tzw. holtera spirometrycznego, przedstawiajacego wyniki
codziennych badan spirometrycznych, samodzielnie wykonywanych przez pacjenta, wraz ze
zglaszanymi objawami ze strony uktadu oddechowego. Zaadoptowano za zgoda z: Korczynski
P, Basza M, Goérska K, et al. 30-day Spirometry Holter: method design and prospective
observational study. Sci Rep. 2024;14:26204.
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5.3.2 Wykorzystanie przeno$nych spirometrow w monitorowaniu choréb innych niz
astma i POChP.

A) Mukowiscydoza

Badania wykazaty, ze PS moga by¢ z powodzeniem wykorzystywane do zdalnego
wykonywania spirometrii u pacjentoéw z mukowiscydoza, szczegdlnie w trudnych warunkach
obostrzen zwigzanych z pandemia COVID-19 [44, 45]. Rozwigzanie to pozwala na skuteczne
monitorowanie post¢pu choroby, co jest niezwykle istotne w codziennej opiece nad pacjentami.
Dodatkowo, domowa spirometria znalazta zastosowanie w monitorowaniu funkcji ptuc u oséb
z mukowiscydozg po przeszczepieniu pluc, umozliwiajac wczesne wykrywanie zespotu

zarostowego zapalenia oskrzelikdw [46].

B) Srédmiazszowe choroby ptuc (ang. ILD, interstitial lung diseases)

W ostatnich latach pojawity si¢ badania nad zastosowaniem przenosnych spirometrow
do monitorowania ILD w warunkach domowych. Cho¢ przeprowadzono je na niewielkich
grupach pacjentow, wyniki wskazujg na wysoka zgodno$¢ pomiedzy wynikami spirometrii
domowej a spirometrii wykonywanej w stacjonarnych pracowniach spirometrycznych.
Sugeruje to, ze obie metody moga by¢ porownywalnie skuteczne [47]. Co wigcej, domowa
spirometria okazala si¢ szczegdlnie uzyteczna w monitorowaniu pacjentow z ILD
poddawanych terapii pirfenidonem [48]. Warto podkreslié¢, ze zgodnie z wynikami cytowanego
badania zdecydowana wigkszo$¢ pacjentow (90%) stosowata si¢ do zalecen dotyczacych

wykonywania codziennej spirometrii w domu.

C) Transplantologia

Spirometria domowa wykonywana z wykorzystaniem mobilnych spirometréw
elektronicznych zostata uznana za skuteczng metod¢ w rozpoznawaniu wczesnych stadiow
zespotu zarostowego zapalenia oskrzelikow u biorcéw przeszczepoOw pluc 1 jest obecnie
standardem w monitorowaniu funkcji ptuc po transplantacji. Wyniki badan potwierdzaja duza
bieglos¢ pacjentow w wykonywaniu nat¢zonych manewrdw spirometrycznych w warunkach
domowych [49, 50].

Wczesne wykrywanie zaburzen czynnosci ptuc pozostaje rowniez istotnym wyzwaniem
w opiece nad pacjentami z p6znymi powiktaniami ptucnymi po allogenicznym przeszczepieniu
krwiotwdrczych komorek macierzystych. Takze w tej grupie pacjentow wykazano wysoka
zgodno$¢ wynikow spirometrii  domowej z wynikami uzyskiwanymi za pomoca
konwencjonalnych spirometrow [51]. Jest to szczegdlnie istotne z klinicznego punktu widzenia,

poniewaz prospektywne badania potwierdzaja, ze wczesna interwencja medyczna po
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rozpoznaniu zespotu zarostowego zapalenia oskrzelikow moze prowadzi¢ do poprawy funkcji

ptuc [52].

5.4. Osiagniecia naukowe kandydata na tle dotychczasowego stanu wiedzy

Temat przenosnych spirometrow w diagnostyce POChP zainteresowal mnie jeszcze
podczas studidéw, gdy pracowatem w Studenckim Kole Naukowym Alveolus dziatajacym przy
Klinice Chorob Wewnetrznych, Pneumonologii i Alergologii Warszawskiego Uniwersytetu
Medycznego. W 2016 r. w konkursowej sesji pulmonologicznej 12th Warsaw International
Medical Congress (mi¢dzynarodowy kongres studenckich kot naukowych z uczelni
medycznych) prezentowany przeze mnie plakat pt. The prevalence of airway obstruction
among smoking passers-by at the Eastern Warsaw Railway Station — pilot study zdobyt I
miejsce. Wyniki zaprezentowanego wowczas badania staly si¢ podstawa publikacji
zatytutowanej Public spirometry campaign in chronic obstructive pulmonary disease screening
— hope or hype?, ktorej jestem wspotautorem i ktora jest czgscig tej rozprawy doktorskiej.

Doniesienia z moim udziatem prezentowane na ERS International Congress 2020
(Screening for COPD with a portable spirometer among hospitalised smokers oraz Primary
care spirometry with a new mobile phone-linked spirometer — a feasibility study) wzbudzity
zainteresowanie w S$rodowisku naukowym zajmujacym si¢ nowatorskimi narzedziami
diagnostycznymi w POChP. Wyniki tych badan opublikowano jako druga i trzecig pracg
wchodzacg w sklad cyklu publikacji bedacych podstawa niniejszej rozprawy doktorskie;.

Ostatnia publikacja cyklu, sktadajacego si¢ na niniejsza rozprawe jest przegladem
systematycznym. Jest to wedlug mojej wiedzy pierwsza analiza oceniajaca mozliwos¢
zastosowania kieszonkowych spirometrow w badaniach przesiewowych w grupie ryzyka
POChP. Publikacja ta zawiera rowniez poréwnanie wynikow przesiewowych badan POChP z
uzyciem PS i urzadzen konwencjonalnych. Wnosi istotne informacje na temat skuteczno$ci PS
1 wpisuje si¢ w aktualng dyskusje nad ich rolg w diagnostyce POChP. Jednoczes$nie stanowi
przyczynek do dalszych badan nad wykorzystaniem nowatorskich urzadzen w rozpoznawaniu

Jjednej z najczestszych chorob cywilizacyjnych.
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6. Zalozenia i cele pracy

W obliczu czestosci wystepowania astmy i POChP oraz zwigzanych z tymi chorobami
wyzwan diagnostycznych, szybki rozwoj przenosnych spirometrow w ciagu ostatniej dekady
stat si¢ impulsem do przeprowadzania badan nad skutecznoscia tych urzadzen w diagnostyce
obturacyjnych chorob ptuc. Celem niniejszej pracy byto zbadanie efektywnosci przenosnych
spirometréw w diagnostyce obturacyjnych chorob ptuc, w szczegdlnosci POChP w populacjach
wysokiego ryzyka.

W szczeg6lnosci, praca miata na celu:

1. oceng skutecznosci proaktywnych strategii wykorzystujacych przenosny spirometr w
rozpoznawaniu POChP u 0s6b z grupy wysokiego ryzyka,

2. ocen¢ mozliwo$ci zastosowania przenosnego spirometru w réznych warunkach
klinicznych:

a) w podstawowej opiece zdrowotnej na skale krajows,

b) u pacjentow hospitalizowanych w oddziatach pulmonologii i kardiologii,
€c) w akcji badan spirometrycznych przeprowadzonych poza placéwkami
ochrony zdrowia.

3. oszacowanie czgstosci wystepowania POChP zdiagnozowanego za pomoca
przeno$nego spirometru u pacjentdOw z czynnikami ryzyka oraz poréwnanie tych wynikéw z
czgstoscig wystgpowania choroby, odnotowywang w badaniach z wykorzystaniem
konwencjonalnych spirometrow.

4. analiz¢ poprawnosci badan przeprowadzanych z uzyciem przeno$nego spirometru

oraz identyfikacje najczesciej popetnianych bledow.
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7. Material i metody

Na rozprawe doktorska sktada si¢ jeden systematyczny przeglad pismiennictwa i trzy
badania oryginalne. Celem przegladu systematycznego byla synteza dostepnych w bazach
publikacji medycznych badan dotyczacych zastosowania przeno$nego spirometru w ocenie
czestoSci wystepowania przewlektej obturacyjnej choroby ptuc (POChP). Trzy badania
oryginalne, ktore staly si¢ podstawg trzech publikacji miaty charakter prospektywny, a ich
celem byla ocena mozliwo$ci wykorzystania przeno$nego spirometru w ré6znych warunkach
klinicznych, takich jak miejsca publiczne (np. dworzec), przyldzkowa diagnostyka pacjentow
hospitalizowanych oraz gabinet lekarza pierwszego kontaktu. Badania te przeprowadzono

wsrod osob z czynnikami ryzyka obturacyjnych chorob ptuc.

7.1 Grupy badane

Ze wzgledu na charakter publikacji — obejmujacych zaréwno systematyczny przeglad
literatury, jak i badania prospektywne prowadzone u pacjentéw z czynnikami ryzyka POChP,
oraz zréznicowane warunki kliniczne, w ktérych oceniano osoby zagrozone POChP (pacjenci
hospitalizowani i ambulatoryjni), badana grupa cechuje si¢ znaczng heterogennos$cig.

Lacznie analizg objeto 33 781 pacjentdw. Zdecydowana wigkszos¢ (23 632 osoby)
stanowili uczestnicy badan uwzglednionych w systematycznym przegladzie literatury. Istotng
grupe¢ badanych (10 149 osob) stanowity natomiast osoby, ktore wziety udziat w badaniach, w
ktérych bezposredni udziat miat autor niniejszej rozprawy. Najliczniejsza grupe wsrdd tych
pacjentow stanowili uczestnicy ogolnopolskiego badania wieloosrodkowego (The use of a
mobile spirometry with a feedback quality assessment in primary care setting — A nationwide
cross-sectional feasibility study.), w ktorym przebadano 9 855 oséb. Spirometri¢ wykonywano
u nich na zlecenie lekarza pierwszego kontaktu, przy czym wskazania do badania byly
zroznicowane. Sredni wiek uczestnikow wynosit 47,8 + 16,3 lat, a 2 990 oséb (30,3%)
deklarowato aktywne palenie papierosoéw. Grupa ta byta zréznicowana rowniez pod wzgledem
miejsca zamieszkania — 58,1% spirometrii wykonano w miastach liczacych ponad 100 000
mieszkancow.

W przypadku dwoch pozostatych badan sktadajacych si¢ na niniejsza rozprawe — Public
spirometry campaign in chronic obstructive pulmonary disease screening — hope or hype? oraz
Active screening for COPD among hospitalized smokers — a feasibility study — uczestnicy
stanowili bardziej] homogenng grupe. Zaréwno osoby poddane badaniu spirometrycznemu w
miejscu publicznym, jak i pacjenci hospitalizowani byli osobami o podwyzszonym ryzyku
POCHP, spetiajacymi kryteria: wiek > 40 lat oraz wywiady aktywnego palenia papieroséw

wynoszace co najmniej 10 paczkolat. Srednia liczba paczkolat byta zblizona w obu badanych
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grupach — 28 (mediana: 18-38) w jednej grupie oraz 30 (mediana: 20—40) w drugiej. W
poréwnaniu z pacjentami hospitalizowanymi, uczestnicy badania przeprowadzonego w miejscu
publicznym (dworzec kolejowy) byli mtodsi — ich §redni wiek wynosit 56 lat (mediana: 48—61)

w porownaniu do 66 lat (mediana: 59—73) w grupie hospitalizowane;.

7.2 Metody

Ze wzgledu na réznorodny charakter badan sktadajacych si¢ na niniejsza rozprawe oraz
odmienne cele poszczegdlnych publikacji, zastosowana metodyka pracy cechuje si¢ znaczna

heterogennoscia.

Badanie w miejscu publicznym

Pierwsza publikacja, Public spirometry campaign in chronic obstructive pulmonary
disease screening — hope or hype?, dotyczyla badania przeprowadzonego na dworcu
kolejowym. Wszyscy uczestnicy wypehili autorski kwestionariusz zawierajacy m.in. dane
demograficzne oraz ilosciowg ocen¢ nasilenia objawow ze strony uktadu oddechowego (skale
CAT i mMRC). Ponadto, kazda osoba poddata si¢ badaniu spirometrycznemu z uzyciem

przeno$nego spirometru (MicroLab 3500, CareFusion, USA).

Na podstawie wynikéw spirometrii uczestnikow podzielono na trzy grupy:
1) Grupa N (no airflow limitation, n = 119) — osoby bez cech obturacji drég oddechowych
(FEV/FVC > 0,7) 1 bez objawdw ze strony uktadu oddechowego.
2) Grupa AO (airway obstruction, n = 22) — osoby ze spirometrycznymi cechami obturacji
(FEV/FVC <0,7).
3) Grupa PAO (possible airway obstruction, n = 37) — osoby zglaszajace objawy ze strony
uktadu oddechowego, ktore nie byly w stanie wykonaé spirometrii dobrej jakosci.
Wszystkie osoby z grup AO 1 PAO zaproszono do Pracowni Badan Czynno$ciowych
Uktadu Oddechowego Warszawskiego Uniwersytetu Medycznego celem weryfikacji obturacji
za pomoca konwencjonalnego spirometru, a w przypadku jej potwierdzenia — wykonania proby
rozkurczowe;j.
W analizie statystycznej zastosowano:
e Test chi-kwadrat — dla zmiennych kategorycznych.

e Testy U Manna-Whitneya oraz Kruskala-Wallisa — dla zmiennych ciagtych.

Badanie wsrod pacjentow hospitalizowanych

W kolejnej publikacji, Active screening for COPD among hospitalized smokers — a

feasibility study, badaniem objeto hospitalizowanych pacjentow. Podobnie jak w poprzednim

32



badaniu, uczestnicy wypetnili autorski kwestionariusz zawierajacy dane demograficzne oraz
oceng nasilenia objawow oddechowych (skale CAT i mMMRC). Spirometri¢ — zarowno badanie
wyjsciowe, jak i probe rozkurczowg w przypadku wykrycia obturacji — przeprowadzono przy
16zku pacjenta, wykorzystujac przenosny spirometr (AioCare®, HealthUp, Polska).
Analiza statystyczna obejmowala:

e Test chi-kwadrat lub test Fishera — dla zmiennych kategorycznych.

e Test U Manna-Whitneya —dla zmiennych ciaglych (szczegdtowy opis: rozdziat Patients

and Method, Statistical analysis, str. 45).

Badanie w podstawowej opiece zdrowotnej

Trzecia publikacja, The use of a mobile spirometry with a feedback quality assessment
in primary care setting — A nationwide cross-sectional feasibility study, przeprowadzona
zostata w wielu osrodkach podstawowej opieki zdrowotnej w Polsce. W ramach badania do
placéwek dostarczono przenosne spirometry (AioCare®, HealthUp, Polska), a personel
medyczny przeszedl dwugodzinne szkolenie z wykonywania spirometrii.

Spirometri¢ wykonywano u pacjentow zglaszajacych si¢ na wizyty kontrolne z
objawami ze strony uktadu oddechowego lub czynnikami ryzyka chordb obturacyjnych drog
oddechowych. Badanie uznawano za technicznie poprawne, jesli co najmniej trzy manewry
spetniaty kryteria akceptowalnosci i powtarzalnosci zgodnie z wytycznymi ATS/ERS.

W analizie statystycznej zastosowano krokowg regresje logistyczng w celu identyfikacji
czynnikéw wptywajacych na jakos¢ wykonania spirometrii (rozdziat Materials and Methods,

Statistical analysis, str. 56).

Systematyczny przeglad literatury

Ostatnia publikacja sktadajaca si¢ na rozprawe — How to enhance the diagnosis of early
stages of chronic obstructive pulmonary disease (COPD)? The role of mobile spirometry in
COPD screening and diagnosis — a systematic review — stanowi systematyczny przeglad
literatury, przeprowadzony zgodnie z wytycznymi PRISMA 2020. Protoko6t badania zostat
zarejestrowany w bazie PROSPERO (ID CRD42022337420).

Przeszukiwanie literatury objeto badania opublikowane w jezyku angielskim w okresie
od 1958 roku do 7 grudnia 2021 roku. Dane pozyskano z baz PubMed, Cochrane Central
Register of Controlled Trials oraz Embase, a wyszukiwanie przeprowadzono z wykorzystaniem
kombinacji stéw kluczowych zwigzanych z POChP, spirometrig i badaniami przesiewowymi.

Selekcja badan oraz zastosowane kryteria wiaczenia i wykluczenia zostaly szczegdtowo
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opisane w rozdziale Materials and Methods, Selection criteria, Study selection (str. 65-66) oraz
przedstawione na Ryc. 1, str. 66.
Na podstawie rodzaju spirometru uzytego w badaniach przesiewowych i

diagnostycznych wyrdzniono trzy grupy:

Grupa A — badania, w ktérych zaréwno spirometri¢ przed, jak i po podaniu leku

rozszerzajacego oskrzela wykonano za pomocg przeno$nego spirometru.

Grupa B — badania, w ktérych obie spirometrie wykonano za pomoca konwencjonalnego

spirometru.

Grupa C — badania, w ktorych wstepng spirometri¢ wykonano za pomocg przeno$nego

spirometru (lub urzadzenia przesiewowego, np. COPD-6), natomiast spirometri¢

potwierdzajaca przeprowadzono z uzyciem konwencjonalnego spirometru.
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Abstract

Introduction: Underdiagnosis of COPD seems to be a relevant clinical and social problem. We hypothesized that active public
spirometry campaign may help identify subjects with airflow limitation consistent with COPD.

The aim of the study was (1) to evaluate the willingness of random smokers to undergo public spirometry, (2) to assess the ability
to obtain an acceptable quality spirometry during a public campaign, and (3} to assess the relationships between the presence
and severity of respiratory symptoms and readiness to undergo spirometry.

Material and methods: Pedestrians aged = 40 years and a smoking history = 10 pack-years were recruited by medical students
to fill @ questionnaire and perform spirometry. Those with obstructive or borderline ventilatory insuffciency were invited and
encouraged to undergo stationary spirometry in a pulmonary outpatient department.

Results: Nine hundred and five subjects meeting the inclusion criteria were invited to the study. Only 178 subjects agreed to
complete the guestionnaire and undergoe spirometry. Ainway obstruction and borderline spirometry result (classified as possible
airway obstruction) were found in 22 and 37 subjects, respectively. Of these, only 15 patients attended follow-up wisit to verify
public spirometry results. Extrapolation of the limited data showed the incidence of newly diagnosed airway obstruction as 10.7%.
Conclusions: Public spirometry campaign does not seem to be an effective way of COPD screening. Smokers are reluctant to
undergo complimentary spirometry even in the presence of pronounced respiratory symptoms. Our observations may be helpful

in elaborating future screening programs for COPD.
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Introduction

Chronic obstructive pulmonary disease
(COPD) is a common entity characterized by per-
sistent airflow limitation and respiratory symp-
tome [1]. According to one recent meta-analysis
of 123 studies, the prevalence of COPD in people
aged 30 years or older was approximately 11.7%
(95% confidence interval [CI] 8.4-15.0%) [2]. With
more than 3 million people dving of COPD every
vear [3] the disease is currently the fourth world
leading cause of death and is estimated to become
the third in the next several vears [1].

Adv. Respir. Med. 2017; 85: 143-150

Polish epidemiological data on COPD are
consistent with those reported from other co-
untries. Three studies showed the prevalence
of COPD in Polish population aged = 40 years
ranging between 10.7 and 22.1% [4-6]. As in
other countries, an early diagnosis seems to
be one of the major issue in management of
COPD. Bednarek et al. [5] showed that in pri-
mary care setting only less than 20% of patients
with COPD had been diagnosed. Most of these
patients had severe and very severe airflow
limitation. Thus, it might be estimated that
about 80% of COPD patients in Poland suffered
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from mild or moderate disease and had been

underdiagnosed [7].

As smoking is a major risk factor for COPD, it
may seem that the identification of the population
at particular risk of COPD development should
be relatively simple. One recent Polish study
showed that approximately 30% of men and 21%
surveyed in 2014 were current smokers [8]. These
patients should probably be a target for screening
campaigns aimed at an early diagnosis of airway
ohsfruction and COPD. However, it has been well
documented that asymptomatic smokers or smo-
kers with mild symptoms only rarsly seek medical
attention. Moreover, primary care providers do
not always have access, enough time or adsquate
training to use spirometry, which is crucial for
diagnosis of persistent airflow limitation. Thus,
albeit early detection and proper intervention for
COPD could potentially slow the progression of
the disease and minimize its negative consequ-
ences [9], spirometry is probably still performed
too rarely to significantly increase the proportion
of patients diagnosed with early COPD stages. We
believe that social campaigns, including those
carried out by medical students, may increase
public awareness of COPD, contribute to more
effective smoking cessation and more effective
COPD diagnosis in patients with mild symptoms.

Therefore, we undertook a study aimed at:
1. The evaluation of willingness of random

smokers to undergo public spirometry.

2. The assessment of ability to obtain an accep-
table quality spirometry during a public cam-
paign, which could be a prerequisite for the
diagnosis of airway obstruction and COPD.

3. The assessment of the relationships between
readiness to undergo free of charge spirome-
trv and the presence and severity of respira-
tory symptoms.

Material and methods

Study design and patient characteristics
This prospective, cross-sectional study was
conducted hetween January and May 2016. The
recruitment to the study was performed at the
Warzaw East Railway Station and included pede-
strians who were asked and encouraged to parti-
cipate in the study. The specific inclusion criteria
were as follows: 1) age = 40 years; 2) a smoking
history = 10 pack-years; 3) consent to take part in
the study. Subjects with symptoms of acute respi-
ratory tract infection in the previous 6 weeks and
those who did not give their consent to participate
in the study were excluded. The participants who

were active smokers or who had quitted smoking
in the last 12 months were classified as current
smokers. Subjects who had a smoking history
= 10 pack-years but who had not smoked for more
than 12 months were classified as ex-smokers.

A stand was prepared and driven by the me-
dical students. The students actively searched
and recruited the study participants. All sub-
jects who met the inclusion criteria and signed
the informed consent to participate in the study
were asked to fill a questionnaire that contained
questions on demographic data, exposure to
active and passive smoking, comorbidities and
respiratory symptoms. Participants who agreed
to perform spirometry, but were non-smokers
or = 40 years of age were excluded from study.
Quantitative assessment of symptoms included
the COPD Assessment Test (CAT) and the modi-
fied Medical Research Council (mMRC) dyspnea
scale. Based on the results of the above tests, the
patients were classified as having low (mMRC
score 0-1 and CAT score < 10) or high level of
symptoms (mMRC = 2 or CAT score = 10, respec-
tively] [1]. A portable spiromester (MicroLab 3500,
CareFusion, San Diego, California) was used to
perform a public spirometry. The measurements
were performed by properly trained medical stu-
dents in accordance with the recommendations
of the European Respiratory Society (ERS) and
American Thoracic Society (ATS) [10, 11]. Re-
ference values published by the European Coal
and Steel Community (ECCS) were applied [12].

To simplify the assessment of public spiro-
metry fixed FEV,/FVC ratio below 0.7 was used
to diagnose airway obstruction. This approach
was concordant with GOLD recommendations [1].
However, to minimize the risk of false negative
diagnosis of airway obstruction, the spirometry
results with FEV,/FVC ratio 2 0.7 but only in sub-
jects with symptoms suggestive for COPD and at
the same time unable to perform good quality spi-
rometry were also considered as probable airway
obstruction. Thus, based on public spiromestry
the patients were classified as follows: no airflow
limitation group (N] characterized by FEV,/FVC
ratio = 0.7 and no respiratory symptomes, airway
ohstruction group [AQ) defined as FEV,/FVC ratio
< 0.7 and possible airway obstruction group (PAO)
defined as FEV,/FVC ratio = 0.7 and FEV /FVC
ratio z 0.7 and below LLN in symptomatic patients
unahle to perform spirometry of good quality.

In order to verify the results of public spiro-
mefry all participants from AO and PAO groups
were strongly encouraged to visit a Pulmonary
Function Test (PFT) Unit of the Medical Universi-
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ty of Warsaw in order to undersgo a free of charge
spirometry carried out by qualified medical staff
and to be seen by pulmonary specialist. The sub-
jects asked to consult the doctor at the medical
centre were inhabitants of the city, where the
test was performed. They initially declared the
responsible will to come for the check-up and
thev could select the appointment date. The au-
thors made every effort to motivate the planned
group to come for a control spirometry tests. In
patients who accepted the invitation, spirometry
with flow-volume curve was performed (Lungtest
1000, MES, Cracow, Poland) in accordance with
the recommendations of the ERS/ATS [10, 11]. In
case of airflow limitation (defined as FEV,/FVC
= LLN), the bronchial obstruction reversibility
test was performed according to the respective
guidelines [11].

The study was approved by the institutional
review board of the Medical University of Warsaw.

Data presentation and statistical analyses

Statistical analvsis was performed using
Statistica 12.5 (StatSoft Inc., Tulsa, OK, USA])
and MedCalc 13.2.2 (MedCalc Software bvba,
Ostend, Belgium) statistical software packages.
Data are expressed as medians and intergquartile
ranges (IQRs, 25" to 75% percentiles) or numbers
and percentages. The distribution of categorical
variables in the independent groups was com-
pared using Fisher's exact or Chi square tests.
The differences between continuous variables
in two or more groups were tested with the use
of nonparametric Mann-Whitney U-test or Kru-
skal-Wallis test with the subsequent use of the
post-hoc Dunn test (for multiple comparisons),
respectively. Statistical significance was accepted
at p-value less than 0.05.

Results

One thousand fifty five passers-by were asked
to participate in the study, 150 of them were
unsuitable (age under 40 years, non-smokers, no
answer]. Finally, nine hundred five persons who
were smokers and aged above 40 years were invited
to the study. One hundred seventy eight subjects
agreed to stop for a while to complete the question-
naire and undergo spiromefry. These patients
formed a baseline study group. The remaining 727
subjects (80%) refused to collaborate. A detailed
characteristic of the study group is presented in
Table 1. Based on the results of public spirometry
AOQO and PAO was diagnosed in 22 (12%) and 37
(21%6) patients, respectively. In the remaining 119

cases (67%), spiromefry showed normal results.
Comparative data of patients with normal spiro-
metry, AO and PAO are shown in Table 1.

Only 15 (25%) of 59 patients with AO and
PAO attended the vizit in the PFT Unit: 6 parti-
cipants from the AO group (27%) and 9 from the
PAD group (24%) (Fig. 1). In 5 patients from the
AOQ group (83%) and 2 patients from PAO group
(229%)] the airway obstruction was confirmed by
second spirometry. Thus, airway obstruction was
confirmed in 7/15 patients with positive screening
by public spirometry. All patients with confirmed
airflow limitation had persistent (“fixed”) airway
obstruction.

The participants who came for a check-up
visit were significantly older than subjects who
did not seek further medical attention. Also, the
percentage of ex-smokers was significantly higher
among patients attended follow up visit (Table 2).

In all 5 patients with known COPD, airway
obstruction was demonstrated in public spiro-
mefry. Two of these patients came for a second
assessment and persistent airflow limitation was
confirmed in a repeated spirometry. In 2 of 5
patients with known asthma, airway obstruction
was found in public spirometry, while 3 asthma-
tics had normal spirometry. One of them attended
the check-up vizit and had normal second spiro-
metry. Thus, 5 of 7 (71%) patients with confirmed
airflow limitation had newly diagnosed airway
obstruction consistent with diagnosis of COPD.

The similar severity of bronchial chstruction
in the public spirometry and stationary spirome-
try was ohserved. FEV, and FVC were not signifi-
cantly different during the test performed on the
railway station and in the PFT Unit (n = 15;p =
0.16 and 0.64, respectively).

Analysis of symptoms in the study group
Seventy one (40%) and 107 (60%)] patients
who underwent public spirometry had CAT score
2 10 and = 10 points, respectively. The propor-
tion of patients with CAT score = 10 points in AD
and PAO groups was significantly higher than in
N group (56% vs. 32%, respectively, p = 0.003]
(Fig. 2). Ten of 15 patients who attended follow
up visit and underwent second spirometry repor-
ted CAT score = 10 points, while the remaining
5 patients = 10 points (p = 0.381). Only 2 of
these 15 patients had severe dyspnea according
to mMRC scale. The differences between the
results of scoring patients with mMRC and CAT
are presented in Figure 3. Among AO and PAO
patients, the proportion of symptomatic patients
evaluated in CAT was significantly higher than
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Table 1. Comparison of study groups classified according to the results of public spirometry

All subjects N group AOD group PAD group p p for multiple
n=178 n=119 n=22 n=37 {Kruskal-Wallis comparisons:
or Ghi square N-AD (a),
test} N-PAOD (b},
AO-PAD (c)
Age (years) 56 (48-61) 55 (47-60) 60.5 (51-64) 59 (52-63) 0.022 0.08°, 1.0°,
013
Sex (FM) 65/113 49,70 115 9/28 0.157
BMI (kg/m’) 21.1 28.1 263 26.1 0.298
(24.6-30.5) (24.7-31.0) (22.5-30.0) (24.3-30.8)
FEV, (L) 2.70 2.89 204 2.44 0.000 0.015%, 016",
(2.14-3 34) (2.38—3.66b) (1.48-2 58) (2.02-3.05) =< 0.001°
FEV: (% of predicted) 91.5{76-103.5) 96 (B5-110) 71 (56-79) 82 (72-102) 0.000 0.01% 0.01°,
<0.001°
FVC (L) 378 384 373 3.65 0.406
(3.16—4.50) (3.16—4 80) (2. 504 26) (3.25—4.41)
FVC (% of predicted) 102 (91-1155) 104 (92-1186) 99 (90-102) 103 (87-120) 0.106
FEV,%FVC 73 (67-78) 76 (72-80) 56 (51-65) 69 (6670} 0.000 = 0.001°,
0.05°,
< 0.001°
Ex-smokers/ 397139 26/93 2720 11/26 0.179
Jeourrent smokers (n)
Pack-years 28 (18-38) 225 (15-30) 33.5 (30-40) 30 (22—-40) 0.003 0.01° 0.19°,
1.0¢
CAT (points) B({3-13) 6(3-12) 11(8-17) 9 (4-186) 0.013 0.43°, 0.52°,
0.0Z°
mMRC 0{o-1 0{0-1) 0.5(0-1) 0{0-1) 0.580
COPD n (%) 51(3) 0 5(23) oo 0.000
Asthma n (%) 5(3) 3(25) 2(9) 0 0.174
Hypertension m (%) 67 (39) 45 (38) 7132) 15 (40.5) 0.798
Ischemic heart disease n (%) 20 (12) 12 (10) 1(4.5) 7(19) 0.170

The rasults are presentad as madian (IQR] or numbers. For comparisons with no significance in the Kruskal-Wallis test, only one p-valua is shown, the left p column;
for comparisons with significance, p-waluas are shown for sach compared pair, the right p column: a [N vs AD); b (N vs PAD); ¢ [AD vs PAD).

AD — airway obstruction; BMI — body mass index; CAT — COPD Assessment Test; FEV., — forced expiratory valume at 1 sacond; FWC — forced vital capacity;
mMRC — Madical Resaarch Council scale of dyspnea; N — normal; PAD — possible airway obstruction

patients evaluated according to the mMRC dysp-
nea scale (p < 0.001).

Discussion

Our study is one of the few reports, which
show the results of public spirometry carried
out outside a health care setting. We demonstra-
ted that despite an active search for individuals
at risk, the readiness to take part in a simple
screening program that invelved a questionna-
ire and public spirometry reached only 20%. In
178 subjects who entered the screening program
realized by medical students trained to perform
and interpret spirometry, airway obstruction and
possible airway obstruction were found in 33% of
the respondents. Importantly, only 25% of thosze

who were informed about an abnormal spirometry
result, and were invited to a reference pulmonary
center to undergo stationary spirometry and to be
consulted by pulmonary specialist, attended the
visit. Those patients, who followed the students’
advice and came for a second assessment were
older and were ex-smokers rather than active
smokers. We did not demonstrate that the severity
of symptoms was associated with the attendance
at the follow-up visit in the reference health care
pulmonary center.

It seems that active campaigns including spi-
rometry screening in high risk populations might
help to manage the important problem of COPD
underdiagnosis and, in conssquence, to provide
amore efficient health care for COPD patients. We
found that our program not only allowed to assess
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Table 2. Comparison of the selected clinical data of patients with A0 and PAO found in public spirometry who underwent

and did not undergo follow up visit

Not attended follow up visit and spirometry Auended follow up visit and spirometry p
n =44 n=15
sex (F/M) 12/32 am 1.0
age (years) 57.0(515-615) 66.0 (51.0-70.0) 0.02
BMI (kg/m’) 26.1 (24.7-29.9) 26.9 (21.8-33.2) 094
FEV, (L) 24(18-28) 2.3(16-3.0) 0.65
FEV, (% of predicted) 76.0 (66.5-91.5) 78.0 (59.0-107.0) 055
FVC (L) 37(3.1-44) 36(26-44) 061
FVC (% of predicted) 99.0 (87.5-112) 98.5(88.0-124.0) 058
FEV,%FVC 66.5 (56.5-69.5) 65.0 (52.0-69.0) 0.65
Ex-smokers/smokers 8/36 5/10 < 0.001
Pack-years 31.0 (25.0-40.0) 30.0 (20.0-40.0) 0.52
CAT (points) 10.0 (45-16.5) 11.0(8.0-17.0) 039
mMRC 0.0(0.0-2.0) 0.0(0.0-1.0) 051
COPD n (%) 3(6.8) 2(133) 044
Asthma n (%) 1(23) 1(6.7) 042

The results are presented as median (IQR). Results were considerad statistically significant at p < 0.05. AD — airway obstruction; BMI — body mass index; CAT
— COPD Assessment Test; FEV, — forced expiratory volume at 1 second; FVC — forced vital capacity; mMRC — Medical Research Council scale of dyspnea; PAD

— possible airway obstruction
Patients asked to
participate in the study
n = 1055
1
[ 1 |
Consent for study Decline to parcitipate | | Unsuitable (non-smokers,
n=178 =721 age <40) n = 150
1
Il 1 1
E : Possible airway No airflow
Anrwaz :bszt;ucbon obstruction limitation
n =37 n=119
| |
Number of positive Number of positive
responders n = § respondersn = 9
—— ——
Obstruction Normal Obstruction Normal
n=>5 n=1 n=2 n=17

Figure 1. Flow chart presenting the number of patients and the resuits of spirometry in the subsequent phases of the study

symptoms and perform a screening spirometry,
but also to carry out an anti-tobacco educational
campaign and to discuss threats related to smo-
king. To our knowledge, most of the previous
studies were performed in primary care setting
with active patient recruitment through invitation
letters sent by post, telephone calls, advertise-
ments or encouragements during primary care
visits [13]. Different patient characteristics and
different model of screening can be responsible
for significant variability in the response rate

found in public campaigns and in screening
programs conducted in health care centers.
For example, approximately 70% of potentially
eligible participants were recruited by general
practitioners in one recent Croatian study aimed
at the evaluation of the diagnostic accuracy of
active screening for COPD [14], while the respec-
tive percentage in our public project conducted
by medical students was much lower and did
not exceed 20%. Acceptable response rates vary
depending on the method of recruitment applied.
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Participants with spirometry n = 178

Patients with airway obstruction
of possible airway ebstruction n = 59
[

CAT <10 CAT = 10
n=_26 n=33

Participants with no airflow limitation
n=11%
[

CAT = 10 CAT =10
n=81 n=38

Figure 2. Distribution of the analyzed group depending on the grade of the intensity of the symptoms evaluated in COPD Assessment Test

Ry Number
124 of patients

104

W CAT MRC

U. S
CAT < 10/MRC < 2 CAT = 10/MRC = 2

Figure 3. The differences between the results of symptoms scoring
with mMRC and CAT in 15 patients who attended follow-up visit

It is thought that 50% is an adequate response
rate in patients invited to participate by mail and
80% is considered satisfactory when the recruit-
ment is conducted on a phone call basis. When
face-to-face contact iz applied in the recruitment
phase, the expected response rate can be as high
as 80-85% [15]. Thus, it must be admitted that
our response rate of 20% was unexpectedly low.
This can be explained by several factors. First, the
passers-by recruited at the railway station repre-
sent a fairly specific study group, not necessarily
caring for their health. Second, the railway station
is a busy place, where the majority of people are
in hurry to catch their trains, trams and buses
and, therefore, they were reluctant to stop by in
spirometry stand. Third, voung medical students
might have been considered not competent eno-
ugh to perform spirometry screening. This might
have resulted in lower credibility of the campaign,
at least for some people who declined to join the
study. Finally, winter and spring months with
relatively low external temperature were probably
an unfavorable time to convince the passers-by
to participate in the project.

Low willingness to participate in scresning
programs is not a specific feature of patients with
hig

risk of pulmonary diseases. In one Polish
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study, only 169 of 850 (20%) patients with vario-
us gastrointestinal symptoms agreed to undergo
gastroscopy. The respective percentage was hi-
gher, but still relatively low (62%), in patients
with alarming symptoms [16]. As even the risk
of malignancy does not prompt patients to accept
screening tests, the response rate of 20% found
in our study performed in busy area might not be
as low as it seems at the first glance.

Numerous previous studies demonstrated
a high burden of COPD and emphasized the pro-
portion of undiagnosed patients. In a German co-
hort, the prevalence of COPD classified as GOLD
stage [ was estimated at 9%, but in the Hokkaido
cohort, this value reached even 26% [17, 18]. In one
recent study by Fu et al. [10] undiagnosed airway
obstruction was demonstrated in 14.6% of pa-
tients attending primary care, who had a positive
smoking history and were older than 30 vears.
Lokke ef al. [20] showed that 21.7% of 4049 sub-
jects at-risk had been newly diagnosed with COPD
in a primary care-setting and the majority of theze
patients had mild to moderate disease. In one ear-
lier Polish study that applied spirometry screening
to detect early stages of GOPD in high-risk po-
pulations (n = 11027), airway obstruction was
found in 30.6% of subjects aged = 40 years with
a smoking history of 10 pack-vears or longer [21].
In our study, the sample size was significantly
smaller, but the same inclusion criteria identify-
ing high risk population were applied. Excluding
5 patients with known COPD and 5 patients with
asthma and assuming 83% of correct diagnoses of
airflow limitation in AO group and 22% of correct
diagnoses in PAO group, it may be speculated that
simple public spirometry performed by medical
students can correctly identify 11-12% of subjects
in high risk population who had undiagnosed per-
sistent airway obstruction consistent with COPD.

Spirometry continues to be an underutilized
tool, despite its ease of use and increased ava-
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ilability in primary care. Portable spirometers
can be conveniently used during scresning pro-
grams and spirometry testing do not necessarily
need to be performed indoors [22]. The results
of previous studies pointed out that active case
finding in a population at risk for COPD should
be instituted, even using a pocket screening spiro-
meter/peak flowmeter [14, 23]. High correlations
between the results of pulmonary function me-
asured with Spirobank hand-held spirometer and
Jaeger MasterScope in a laboratory environment
were demonstrated [24]. Although the number
of patients who had undergone hoth screening
and stationary spirometry in our study was rsla-
tively low, the differences between FEV, and FVC
measured in these two different settings were
irrelevant, p = 0.30 and p = 0.79 respectively.
It is believed that spirometry used for screening
purposes requires a verification in a specialized
health center. In our study, such approach was
particularly important in patients with public
spirometry classified as possible airway obstruc-
tion. Airway obstruction was confirmed in only
22% of these patients. On the other hand, airflow
limitation was confirmed by stationary spirometry
in as many as 5/6 (83%) of patients whose earlier
public spirometry was classified as airway obs-
truction. These data show that public spirometry
performed with a portable spirometer might be
a reliable screening tool for patients with COPD.

Our results indicate that in the population
older than 40 years with a smoking history of =10
pack-years, extrapolated prevalence of airway
obstruction reaches 14.6%, whereas the percen-
tage of subjects with a new diagnosis of airway
obstruction is approximately 10.7%. Dgbrowiecki
et al. [25] found that airway obstruction is present
in 34% of the subjects participating in the Polish
Spirometry Day, a national multicenter campaign.
Such results point out a significant underestima-
tion of the number of patients with obstructive
lung diseases in clinical practice. Knowing how
low percentage of people are willing to perform
spirometry during a public campaign, it would
be advisable to search for more effective methods
to recruit high risk patients into spirometry
screening programs.

In our study, subjects with airway obstruc-
tion or possible airway obstruction had a signifi-
cantly higher CAT score than those with normal
spirometry results. We have also shown that
a significantly higher percentage of symptomatic
patients were identified with the use of the CAT
compared to the use of the mMRC scale. This mi-
ght be easily explained in the light of the results

www _journals viamedica.pl

of earlier studies that found a relatively weak
correlation between mMRGC and CAT [26, 27]
and demonstrated that the CAT score correlates
much better with St. George’s Respiratory Qu-
estionnaire (SGR(Q)) [26]. Disagreement between
CAT and mMRC results is not surprising because
these two instruments differ in their purpose and
symptom areas that ars covered. CAT score and
its items “breathlessness” and “phlegm” were
significantly related to spirometric diagnosis
of COPD in a population-based sample of 532
participants [28].

We are aware about some limitations of
the study that should be mentioned. The major
limitation is probably one of the study results,
i.e. the low percentage of passers-by who agreed
to participate in the study. A similar statement
refers to the low percentage of patients who
attended follow-up visit and underwent statio-
nary spirometry verifving the results of public
spirometry. The low number of patients in whom
reliable conclusion from pulmonary function te-
sting could have been established (certain airflow
limitation or normal spirometry) did not allow to
draw any reliable epidemiological conclusions.
Possible causes of this situation have already
been presented when discussing the low response
rate in our study. Complex diagnostic criteria for
airway obstruction, with patients classification as
having airway obstruction or possible airway ob-
struction, may be considered as one of the study
limitations. We realize that the quality of public
spirometry may be suboptimal and the results of
FEV,/FVC = 0.7 in symptomatic patients unable
to perform spirometry of good guality should
be a subject of particular concern. Hence, these
cases were classified as possible airway obstruc-
tion and were to be verified during the second
phase of the study. Unfortunately, the percentage
of patients who responded to our invitation to
perform high quality stationary spirometry was
surprisingly low.

Conclusions

The limited willingness of subjects at risk
for COPD development to participate in public
spirometry campaign may indicate that this is not
an effective form of COPD screening. Smokers are
rather reluctant to undergo complimentary spiro-
mefry and pulmonary consultation, even in the
presence of pronounced respiratory symptoms.
Nevertheless, the study showed the incidence
of non-diagnosed airway obstruction in smokers
aged > 40 years 10.7%. We also demonstrated

149

41



Advances in Respiratory Medicine 2017, vol. 85, no. 3, pages 143-150

that a short training performed by experienced

technicians

seems sufficient for persons who are

not healthcare providers to perform quality spiro-
metry and to obtain reliable results. Our ocbserva-
tions may be helpful in elaborating screening
programs for COPD.
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Abstract

Background: Spirometry is a primary tool for early chronic obstructive pulmonary disease
[COPD] detection in patients with risk factors, for example, cigarette smoking. The aim of this
study was to evaluate the strategy of an active screening for COPD among smokers admitted

to the pulmonary and cardiology department.

Methods: This prospective study was conducted between February and March 2019. All
hospitalized smokers aged 40years and older completed an original questionnaire and had
spirometry measurement with a bronchial reversibility test (if applicable] performed by

medical students using a portable spirometer.

Results: One hundred and eighty-eight patients were eligible to participate in the study.
Seventy [37%] subjects refused to participate. Eventually, 116 [62%)] patients were included
in the final analysis and 94 (81%) performed spirometry correctly. In total, 32 (34 %] patients
were found to have COPD. Nine [28%) of these patients were newly diagnosed, 89% of

them had mild-te-moderate airway obstruction. Patients with newly diagnosed COPD were
significantly younger [age 63 [56-64) versus 69 [64-78] years], had a longer smoking-free
period [17 (13-20] versus 9 (2-12] years], had fewer symptoms and had a better lung function
compared with patients with a previous diagnosis of COPD (p < 0.05 for all comparisons].
Conclusion: The proposed diagnostic strategy can be successfully used to improve COPD
detection in the inpatient setting. The majority of the newly diagnosed COPD patients had
mild-to-moderate airway obstruction. Patients who should be particularly screened for COPD
include ex-smokers with less pronounced respiratory symptoms.

Keywords: chronic obstructive pulmonary disease, fixed airway obstruction, misdiagnosis,

portable spirometry, screening
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Introduction

Although chronic obstructive pulmonary disease
(COPD) affects approximately one-fourth of the
population of smokers aged 40 years and older,! most
of the affected subjects are unaware of having the dis-
ease.>? This 1s, at least partally, related to the fact
that even 80% of undiagnosed subjects have mild-to-
moderate disease.>® In particular, early COPD,
which is often mildly symptomatic,* can hinder
patents from seeking medical help and receiving
treatment. Underdiagnosis and undertreatment of

COPD 15 cnucally important as the disease is pro-
gressive and leads to continuous lung function
decline. It is hypothesized that the annual loss of
forced expiratory volume in the first second (FEV) is
more pronounced in earlier stages of the disease.®®
Moreover, early COPD does not exclude the possi-
bility of an exacerbation, which 1s an important cause
of hospital admission and death.” Therefore, diag-
nosing and treating patients with COPD, especially
in early stages, can lead to improvement in their
health status.®
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Study Algorithm
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Figure 1. Study algorithm.

COPD, chronic obstructive pulmonary disease.

The gold standard for COPD diagnosis and mon-
itoring is spirometry. Although it is an easy and
low-cost method for basic lung function assess-
ment, spirometry is frequently underused both in
general practce and hospital settings, leading to
underdiagnosis or overdiagnosis of COPD,*1!
especially in patients with dyspnea related to car-
diovascular diseases.!? In a study by Spero et al.,
only 8.4% of patients admitted to hospital with a
diagnosis of COPD had a spirometry performed
at discharge and in more than 30% of these
patients spirometry did not confirm the diagnosis.
We believe that accessibility to spirometry can be
improved by the use of portable devices. It has
been shown that portable spirometers linked to a
mobile phone could be used as an alternative to
laboratory spirometry and performed in the office
or at bedside prior to discharge.!*!7 In this study,
We propose an active screening strategy for hospi-
talized smokers to improve the diagnosis of
COPD, especially when there is limited accessi-
bility to laboratory spirometry. Briefly, all hospi-
talized patients with risk factors for COPD
(smokers aged =40 years) admitted to the pulmo-
nary and the cardiclogy departments were ques-
tioned on their symptoms and comorbidites and
underwent spirometry with the use of a portable

spirometer. The choice of these two departments
was based on the common risk factor of respira-
tory and cardiovascular diseases, that is, cigarette
smoking. In this study we aimed to evaluate the
feasibility of the proposed strategy to assess the
prevalence of COPD and to identify under- and
overdiagnosed patients with COPD among smok-
ers aged 40years and older admitted to the pul-
monary and the cardiology departments.

Patients and methods

General study design

This was a prospective, cross-sectional study per-
formed at the Central Teaching Hospital of the
Medical University of Warsaw, Poland. All
patients admirtted to the pulmonary and the cardi-
ology departments between February and March
2019 were screened for eligibility to participate in
the study. Patent recruitment was performed by
trained medical students who were guided on the
study algorithm (Figure 1) by an interactive elec-
tronic questionnaire (KoBoToolbox, Harvard
Humanitarian Initatve, Cambridge, MA, USA)
and were working under the supervision of two
pulmonologists. The questionnaire consisted of
45 questions on demographic data, smoking his-
tory, respiratory symptoms, comorbidities, medi-
cations, contraindications to perform spirometry
and World Health Organization (WHO) perfor-
mance status (see Supplemental Matenal).
Patients who met the inclusion criteria (see below)
underwent spirometry with a portable spirometer.
In both departments, spirometry was carried out
by the same group of students. Patients who were
hospitalized because of acute medical conditions
had spirometry after stabilization, whereas patents
who were stable and admitted to perform planned
procedures had spirometry on admission. The
study project was approved by the Insttutional
Review Board of the Medical University of
Warsaw, Warsaw, Poland (KB/232/2018) and
was performed in accordance with the principles
stated in the Declaration of Helsinki. All enrolled
patients gave their written informed consent to
participate in the study. All data were anonymized
and treated with confidentiality according to
Good Clinical Practice guidelines.

Study participants
The two major inclusion criteria were age =40 years
and smoking history of at least 10 pack-years.

journals.sagepub.com/home/iaj
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Exclusion criteria comprised contraindications to
perform spirometry and refusal or inability to give
a written informed consent to participate in the
study.

Spirometry and definitions

A portable AioCare® spirometer (HealthUp,
Poland) with a wireless connection (wvia
Bluetooth) to a dedicated software running on
mobile phone operating systems was used to per-
form spirometry. The AioCare® spirometer
meets all performance criteria described in inter-
national standards.'® The device measures all
commonly used spirometry parameters including
forced wvital capacity (FVC), FEV, and peak
expiratory flow. The measurements were per-
formed in a sitting position with a nose clip
clamping the nostrils. In this study, spirometry
was defined as a complete spirometry test con-
sisting of at least three maneuvers with the meas-
urement of FVC. If a maneuver was not in line
with American Thoracic Society/European
Respiratory Society (ATS/ERS) spirometry qual-
ity criteria, automatic feedback was provided to
the medical students responsible for conductng
the test. Spirometry quality assessment and inter-
pretation of the results was performed by two
pulmonologists according to the ATS/ERS
guidelines.!®2" In patients with baseline airway
obstruction [FEV /FVC < lower limit of normal
(LLLLN) according to the Global Lung Initartive
reference values], a reversibility test with 400ug
salbutamol wia a pressurized metered-dose
inhaler with a spacer was performed. In patents
who received a short- or a long-acting bronchodi-
lator within 6 or 24 h, respectvely, before the test
was performed, the spirometry was considered a
post-bronchodilator examination and a reversi-
bility test was not conducted. COPD diagnosis
was made when the post-bronchodilator FEV/
FVC was below the LLN after the exclusion of
other reasons for fixed airway obstruction.?! The
severity of airway obstruction was graded accord-
ing to Global Initiative for Chronic Obstructive
Lung Disease (GOLD) recommendations.??
COPD overdiagnosis was considered when the
study participant reported a diagnosis of COPD,
but there was no fixed airway obstruction (post-
bronchedilator FEV/FVC = LLN). COPD
underdiagnosis was defined as the presence of
irreversible airway obstruction in a patient with-
out an earlier diagnosis of COPD,?

Statistical analysis

Estimation of the sample size was based on the
prevalence of COPD in the Polish population
aged =40years and among smokers, estimated
to be 9.3%% and 22.95%,' respectively. We
assumed that the COPD prevalence in our
study would be 25% lower than that found in
the above cited literature data. Assuming the
power of 80% and the significance level of 5%,
the sample size was estimated as 92 subjects
(46 in the pulmonary and 46 in the cardiology
department).

Continuous data are expressed as medians and
interquartile ranges (25th to 75th percentiles)
and categorical data are presented as numbers
and percentages. Statistical analysis was per-
formed wusing Srtatistica 13.3 (StatSoft Inc.,
Tulsa, OK, USA). The differences between
continuous variables in two groups were tested
using the non-parametric Mann -Whitney
U-test. The categorical variables were compared
using chi-squared test or Fisher’s exact test.
The statistical significance was accepted at a
p-value less than 0.05.

Results

Patient characteristics

Four hundred and eighty-five patents were
screened and 188 were eligible to participate in
the study. Seventy (37%) subjects refused to par-
ticipate in the study. The data on patent inclu-
sion are presented in Figure 2. Uldmately,
116/188 (62%) padents (51 and 65 in the pulmo-
nary and in the cardiology department, respec-
tively) were included in the analysis. The
characteristics of the study group are presented in
Table 1. There were no differences in age, body-
mass index, smoking history or WHO perfor-
mance status between patents from the two
departments. The cardiology group was charac-
terized by a higher proportion of men compared
with the pulmonary group (p=0.03). In the pul-
monary group, more subjects had had spirometry
in the past and had a shorter time interval since
the last spirometry compared with the cardiology
group (p=0.00%). In the whole cohort, 92%
padents had cardiovascular diseases and 22% had
diabetes. Overall, 94 (81%) spirometry measure-
ments were performed correctly and were used
for analysis.
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Patients admitted to hospital

n=485
* Patients discharged
before the study
n=31
+ Patients who did not ||
meet inclusion
criteria n=265
Eligible patients
n=188
= Refusals n=70 }.7
Study group
n=118
| * Incomplete data n=2 |«

Subjects included in the analysis
n=116

Figure 2. Flow diagram of the subjects screened and
included in the full cohort.

Prevalence of COPD and detection of new cases

of COPD

Fixed airway obstruction consistent with the diag-
nosis of COPD was found in 32 (34%) patents:
23/46 in the pulmonary and 9/48 in the cardiology
department, respectively, p=0.019 (Figure 3). Of
those, nine (28%) (four in the pulmonary and five
in the cardiology department, respectively) sub-
jects were newly diagnosed with COPD. The pro-
portion of newly diagnosed COPD patents to
non-COPD patients was numerically higher in the
pulmonary than in the cardiology department but
the difference was not statistically significant (17%
versus 10%, respecuvely, p=0.72)).

Five of the nine newly diagnosed COPD patients
had had spirometry in the past (three within the
previous year, two more than 1year prior to the
study). Patients with newly diagnosed COPD
were significantly younger [age 63 (56-64) versus
69 (64-78) years], had a longer smoking-free

period [17 (13-20) versus 9 (2-12) years], had
fewer symptoms and had better lung function
compared with patients with earlier COPD diag-
nosis (Table 2) (p<<0.05 for all comparisons).
Figure 4 presents the prevalence of COPD and
airway obstruction severity according to GOLD
in the pulmonary and in the cardiology depart-
ment. The underdiagnosis rate in patients with
different airway obstruction severity grades was as
follows: 80% for mild, 25% for moderate, 0% for
severe and 33% for very severe (Figure 5). In 3/30
(10%) patents (one in the pulmonary and two in
the cardiology department) who had reported an
earlier COPD diagnosis, there was no fixed air-
way obstruction and the diagnosis of COPD was
excluded. Two of these patients had no airway
obstruction in the post-bronchodilator spirome-
try and one had a normal spirometry without
prior bronchodilator intake. All of the overdiag-
nosed patients had had a spirometry performed in
the past.

Acceptability of spirometry examinafions in the
pulmanary and the cardiology departments and

in patients with different performance status

A larger proportion of patients hospitalized in the
pulmonary department could perform a spirom-
etry meeting the quality standards compared with
the patients treated in the cardiology department:
46 (90%) versus 48 (74%) respectvely, p=0.014.
The subjects who performed a quality spirometry
were significantly younger and had had spirome-
try more recently compared with those who did
not (Table 3). There were no differences in the
smoking history or the WHO performance status
between the groups.

We found no difference in the percentage of qual-
ity examinations berween patients with good
(WHO 0-1) and poor (2-4) WHO performance
status, 81% wversus 80%, p=0.76. As there were
only one and two patients with WHO perfor-
mance status 3 and 4, respectively, we could not
reliably assess and compare the ability to perform
spirometry in those patients. Out of these three
patients, only one performed spirometry which
met the quality standards. The other two patients
failed to perform any correct maneuver.

Discussion
The present study showed that active COPD
screening in the Inpatient setting is feasible. We

journals sagepub.comfhome/taj

46



K Mycroft, P Korczynski et al.

Table 1. Characteristics of the study population.

All Pulmonary Cardiology p
N=116 department department

n=51 n=65
Age, years 46 [59-73] 66 [59-73) b4 (59-73] 0.76
Male gender 79 [68%] 29 (57%) 50 [77%) 0.03
BMI, kg/m? 27.4 (24.2-30.8] 27.3(23.4-32.0] 27.4 [24.8-29.7] 0.75
Current smoker/ex-smoker 33 [30%]/81 [70%] 18 [35%)/33 (65%] 17 [26%]/48 [74%)] 0.31
Pack-years 30 [20-40) 30 [20-40) 30 [20-40) 0.58
Years free from smoking 13 (4-25] 12 (3-22) 14.5 (4-25] 0.60
Spirometry in the past 87 (75%] 45 [B8%I 42 [65%) 0.005
Months since the last 9 [1-40) 11(0-4] 48 (12-168] <0.001
spirometry
Performance status according to the WHO
Grade 0 54 [46%] 22 [43%) 32 [49%) 0.33
Grade 1 43 (37%) 18 [35%) 25 (38%)
Grade 2 16 [14%) 9 [18%] 7[11%)
Grade 3 111%) 0 [0%] 1(2%]
Grade 4 2 (2%) 2 [49%) 0 [0%]
Previous diagnosis of obstructive lung disease
COPD 30 [26%] 21 [41%) 9 [14%] <0.001
Asthma 10 [9%] 6 [12%)] 4 [6%)
None 76 [65%) 24 [47%) 52 (80%)
Comorbidities
Cardiovascular diseases 102/111 [92%) 39/44 (85%] 63/65 (97%] 0.031
Diabetes 240111 (22%) 7146 [19%]) 17/65 (26%) 0.241

Data are presented as median [interguartile range] or n [%].

BMI, body mass index; COPD, chronic obstructive pulmonary disease; WHO, World Health Organization.

found that the medical students’ involvement
allowed to achieve spirometry of sufficient quality
and to detect irreversible airway obstructon,
which is crucial for COPD diagnosis. Patients
with newly diagnosed COPD have mainly mild-
to-moderate airway obstructon. Of note,
although our study was addressed to hospitalized
patients with COPD risk factors, a significant
proportion of these patients were unwilling to

perform spirometry. Our results demonstrated
that COPD screening should be considered not
only for active smokers bur also for subjects who
have a long smoking-free period and report mild
OF No respiratory symptoms.

To our knowledge, this is one of the few studies in
which all patients with COPD risk factors visiting
a health center were included in the COPD
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Pulmonary department

Confirmed previous COPD diagnosis

Mo COPD reparted, new fixed airvay obstrection
Reported COPD, no fixed airway obstruction
Reported COPD, poor spirometry quality

Ne COPD reparted, no fixed airway obstrustion
No COPD reported, poor spiromatry guality

Cardiology departmeant

@ Confirmed previous COPD diagnosis
@ No GOPD reparted, new fiwed airway obstruction
@ Reported COPD, ne fixed airway oDstruction
@ Reported COPD, poor spirometry quality

No COPD reportad, no foved aireay obstroction
@ No COPD reponted, poor spirometry quality

Figure 3. Results of screening for chronic obstructive pulmonary disease [COPD] in the pulmonary [A] and the

cardiology (Bl departments.

detection program and had spirometry with
reversibility test performed. There are stll no sys-
tem solutions which would reduce the COPD
underdiagnosis and overdiagnosis rate. It has
been shown that active screening for COPD
allowed to detect mew cases in 22% patients,
whereas in the standard care strategy only in 3%
of patients could a new diagnosis of COPD be
established.?®* Some authors have suggested
implementing questionnaires which would help
to select at-risk patients for spirometry examina-
ton.2%2% A proposal of an active COPD case-
finding strategy for primary care with the use of
portable spirometers was presented in a study by
Kim er al.?” The authors found that the strategy

was feasible in a primary clinical setting and
should also include asymptomatic smokers aged
=40 years. In another study, a targeted spirome-
try screening program was implemented within
the presurgical clinic and included smokers with
respiratory symptoms and patients with a history
of COPD or asthma.?® Although in both of these
studies the reversibility test, which is crucial for
diagnosis of COPI,22 was not performed, it was
shown that about 25% of smokers had newly
diagnosed airflow limitation.?~8

We identified COPD in 34% of the evaluated
patients. The prevalence of COPD in our study
was higher than previously reported (22.1-24.3%)
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in the Polish population with risk factors.!-2¥ Such
a high prevalence of COPD in our study could be
related to several factors. Almost half of the study
participants were hospitalized in the pulmonary
department, where the prevalence of COPD was
significantly higher compared with the cardiology
department. Moreover, smokers requiring hospi-
talization are a specific group of patients, proba-
bly in a worse health condition than healthy
smokers. It has been shown that the COPD pop-
ulation has a significant rate of comorbidity.?®
COPD, especially in more severe stages, is char-
acterized by systemic inflammation and the con-
currence of COPD and cardiovascular diseases
was shown to be independent of smoking his-
tory.*! Of note, it has been shown that congestive
heart failure might cause airway obstruction in
patients without COPD and, therefore, poses a
diagnostic challenge.??** Brenner er al. have dem-
onstrated that in up to 50% of patents, airway
obstruction resolved after 6 months of treatment
for heart failure.?? In our study, we found that
10% of the patents who had declared having
COPD did not have fixed airway obstructon.
Owerdiagnosis of COPD should be considered as
a serious issue as it 1s associated with unnecessary
and ineffective treatment and might delay the
correct diagnosis. On the other hand, patients
without fixed airway obstruction could sull be at
risk of developing COPD in the future and should
be, similarly to COPD patients, educated on the
harmful effects of smoking, advised on smoking
cessation to avoid or delay lung function decline
and be regularly followed up to assess lung
function.

It is estimated that even 67-81%2%2% of COPD
patients are undiagnosed. In our study, the under-
diagnosis rate was considerably lower, as 28% of
COPD subjects were newly diagnosed. We may
assume that a number of patients remained undi-
agnosed, as a significant proportion of subjects
who are at risk of COPD declined participation in
the study. Interestingly, the proportion of newly
diagnosed to all non-COPD patents was similar
in both the pulmonary and cardiclogy depart-
ments. Patients with newly diagnosed COPD had
better lung function and reported fewer respira-
tory symptoms (in particular, less pronounced
dyspnea) than those with an earlier diagnosis of
COPD, which is consistent with findings from
other studies.’™ We also found that newly diag-
nosed COPD patents had a longer smoking-free

Table 2. Comparison of patients with a previous versus n

ew COPD diagnosis.

Previous diagnosis  New COPD p

of COPD diagnosis

n=23 n=9
Age, years 69 [64-78] 63 [56-64] 0.005
Male gender 11 [48%] 7 [78%) 0.23
BMI, kg/m? 24.7 (21.8-29.7] 25.8 [24.7-28.3] 0.52
Pack-years 40 [30-50] 31 (20-44) 0.32
Years free from 9(2-12] 17 [13-20) 0.03
smoking
WHO 1(0-2) 0 (0-1] 0.06
mMRC 21-3] 1[0-1.5] 0.03
CAT score 20 (14-23) 6.5 (5.5-9] 0.001
Cough 210-3) 21-3] 0.78
Phlegm 201-3) 110.5-2] 0.14
Chest tightness 0.510-2 0[o-1] 0.26
Breathlessness 4 [2-5) 0 [0-1] 0.004
Activities 3(2-4) 0 [0-1] 0.003
Confidence 2.5(0-4 0 [0-1] 0.01
Sleep 2.5(0-4) 0011 0.044
Energy 3(3-3) 101-2] 0.002
% predicted FEV, 51 [40-64] 72.1[55.9-85) 0.01
% predicted FVC 79 [67-94) 93.9 [77-102.4) 0.14
GOLD 1/2/3/4, % 4/52/35/9 44/44/0/12 0.02
GOLD A/B/C/D, % 9/36/9/46 50/13/0/37 0.08

Data are presented as median [interquartile range| or n (%).

BMI, body mass index; CAT, COPD Assessment Test scale; COPD, chronic obstructive

pulmonary disease; FEV,, forced expiratory volume in 1s; FVC,
mMRC, modified Medical Research Council scale; WHO, World

forced vital capacity;
Health Organization.

period compared with patents with an earlier
diagnosis of COPD. All these factors could have
contributed to the fact that some of the underdi-
agnosed patients had not been 1dentified earlier.
Panents with mild COPD are often unidentified,
as the symptoms often do not interfere with their
daily activity* and are accepted as a consequence
of smoking and aging and, therefore, these
patients do not seek medical advice.’” In our
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Pulmonary department

mAsthma w Mo OOPDorasthma wmGOLDLl wGOLDZE = GOLD3 GOD 4

Cardiclogy department

mEHD1 =GOD2

GOLD 3

mAsthma  m Mo COPD or asthma GOLD 4

Figure 4. Prevalence of chronic obstructive
pulmonary disease ([COPD) and airway obstruction
severity according to Global Initiative for Chronic
Obstructive Lung Disease (GOLD] in the pulmonary
[A] and the cardiology [B] departments.

study, 80% of patients with mild COPD were
previously undiagnosed. Therefore, we believe it
is important to actively search for patients with
COPD risk factors and make the COPD diagno-
sis early to prevent further lung function deterio-
ration and exacerbations and to maintain good
quality of life.

18
16
14
12

10

Mumber of cases

COPD severity grade GOLD 1 GOLD 2

W previous diagnosis of COPD

The high COPD under- and overdiagnosis rate in
the general population could be associated with
the poor accessibility to spirometry and the reluc-
tance of smokers to undergo screening. In a study
performed outside a healthcare setting aimed to
offer spirometry to smoking pedestrians, only
20% agreed to partcipate.®® In the present study,
the patients’ willingness to undergo bedside
COPD screening was substantially higher, as
62% of eligible subjects participated in the study.
It is likely that hospitalized patients are more will-
ing to participate as they already have other sig-
nificant comorbidities and a greater health
awareness and spirometry is an additional test
performed during their hospitalization.

Spirometry of an adequate quality is critical for
diagnosing airway obstruction. In our study 19%
of participants were unable to perform spirometry
of an adequarte quality. It cannot be excluded that
some of those patients could also suffer from
COPD and, therefore, should have spirometry
repeated. In our study, patients with poor quality
spirometry were older than those who performed
spirometry with good quality standards. Based on
other reports, the quality of spirometry in elderly
patients was found to be similar to that in younger
adults.*® The inability to perform the test could
be associated with the deterioration of cognitive
funcrion, which, however, was not assessed in this
study. On the other hand, it has been shown that
the quality of spirometry depends mainly on the
skills of the person conducting the examination.
In our swmudy, spirometry was conducted by

GOLD 3 GOLD 4

new diagnosis of COPD

Figure 5. Number of patients with new and previous diagnosis of chronic obstructive pulmonary disease [COPD)
according to the Global Initiative for Chronic Obstructive Lung Disease [GOLD] airway obstruction severity grade.
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Table 3. Comparison of patients who performed technically correct spirometry and those who did not.

Patients who performed
technically correct spirometry

Patients who did not perform  p
technically correct spirometry

n=94 n=22
Age, years 65 (59-T1] 77 [67-83] <0.001
Male gender b4 [67%] 15 (71%] 0.80
BMI, kg/m? 27.0(24.3-31.2) 27.7 [24.0-30.5) 0.94
Current smokers 29 (31%] 6 (29%I] 1.00
Pack-years 30 (20-40] 30 (20-52.5] 0.79
Years free from smaking 12 [3-25) 15 [7-30] 0.22
Previous diagnosis of an obstructive lung disease 34 (36%] 6 (27%] 0.47
Spirometry in the past T4 [78%]) 13 [62%] 0.16
Months since the last spirometry 3.5 (D-48) 36 [24-84) 0.04
Performance status according to the WHO 0(0-1] 1(0-1) 0.13

Data are presented as median [interguartile range) or n (%).
BMI, body mass index; WHO, World Health Organization.

trained medical students with little experience
and this could have impacted the poor gquality of
some examinations. It has been shown that
repeating spirometry by the person conducting
the examination resulted in improvement of the
quality of spirometry.*! However, the fact that
medical students obrained 81% of spirometry
examinations of an adequate quality suggests that
portable spirometers can be successfully used by
operators with very limited experience and we
believe that the device should be considered for
the outpatient setting to improve detection of
COPD. Moreover, we believe that the standardi-
zation of COPD screening during medical stu-
dents’ education may increase the early detection
of COPD patients.

We are aware of several limitations in our study.
The study group was relatively small; however, it
must be emphasized that all patients admitted
the two departments during the study period were
included in the analysis and the number of par-
ticipants was based on the sample size estimation.
The study was conducted only in the pulmonary
and cardiology departments. The choice of the
departments, however, was based on the fact that
cigarette smoking is a major risk factor for respir-
atory and cardiovascular diseases and we aimed
to compare the prevalence of undiagnosed COPD

in these two departments. Furthermore, in this
study, we did not compare the effect of portable
spirometry on COPD detection with standard
laboratory spirometry. However, it must be
emphasized that the device we used was wali-
dated,'® whereas the access to laboratory spirom-
etry can be limited and our target to examine all
eligible patients would not be met. We are aware
that some of the patients, especially those with
airway diseases, for example, asthma, might have
suffered from an exacerbation. Therefore, lung
function of these patients at the time of spirome-
oy could be deteriorated and could potentially
cause COPD overdiagnosis. Moreover, in some
padents taking inhaled medication, we did not
perform pre-bronchodilator spirometry and,
therefore, we could not assess whether these
patents had pre-bronchodilator obstruction and
whether they were at risk of developing COPD.
Also, we did not perform any additonal invest-
gations, for example, chest computed tomogra-
phy scan, exercise tests to assess whether patients
with newly diagnosed COPD presented with
signs of early disease. Finally, we have no infor-
mation on the reasons for refusal to participate in
the study.

In conclusion, COPD detection strategy with
the use of a portable spirometer is feasible in
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the inpatient setting and should be also consid-
ered in the outpatient setting as it allows to
detect patients with COPD under- or overdiag-
nosis. Patients with newly diagnosed COPD
have mainly mild-to-moderate airway obstruc-
von. However, a significant proportion of
patients with COPD risk factors were unwilling
to perform spirometry.
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ARTICLEINFO ABSTRACT

Keywaords: Objectives: Mobile phone-linked pertable spirometers are light-weight, easy te use and low cost, with new soft-
COFD ware to facilitate data collection. In this study we investigated the feasibility of the AieCare® mobile spirometry
ﬂ:i.n:vay obstruction in primary care.

za.mma] scale Metheds: In thiz nationwide, cross-sectional study, AloCare® spirometers (HealthUp, Poland) were distributed
Porm‘ble #j.mmeter among primary healthcare centres across Poland. Operators (primary care profeszionals) received a 2-h training
Primary care seszion, after which spirometry was performed in patients attending routine visits with respiratory svmptoms or

nisk factors for obstructive airway dizcasecz. Spirometry was considered technically correct when at least three
manoeuvres met ERS/ATS acceptability and repeatability eriteria. The most common spirometry £rrors were
asseszed and stepwise logistic regression was applied to identify factors associated with technically correct
cpirometry. Airway obstruction was defined as FEV/FVC below the lower limit of normal. A restrictive pattern
was defined as FVC below the lower limit of normal.

Resultz: Between 1 September 2018 and 1 September 2019, 10,936 spirometry examinations were performed in
0555 patients by 673 operators. 5347 (49%) spirometry examinations met both acceptability and repeatability
criteria. The most common error was plateau error (17.7%). Operater age >40 years (OR 1.49, 95% CI
1.35-1.64) and repetition of the examination at the same visit (OR 1.90, 95% CI 1.66-2.16) increased the
likelihood of a technieally ecorreet sxamination. Airway obstruetion was found in 17% of correctly performed
spirometry examinations.

Conclusions: Our natienwide study suggests that use of the AloCare® mobile spirometer in primary eare could be
feazsible. More intenzive and continual training cshould be implemented to improve the guality of spirometry
examinations.

1. Introduction poor awareness of the condition [5-7], under-recognition of early

symptoms among the general public [2] and poor access to spirometry,

The role of spirometry in diagnosing and monitoring chronic
obstructive airway diseases is well established. Demonstration of irre-
versible airway obstruction is crucial for the diagnosis of chronic
obstructive pulmonary disease (COPD), which is the third leading cause
of death worldwide according to WHOQ [1]. It is estimated that up to
67-81% [2-4] of patients with COPD remain undiagnosed. This is due to

especially in rural areas [9]. Spirometry may also be useful in asthma
diagnosis, as variable airway obstruction in spirometry is a key feature
of the disease [10]. Diagnosis of asthma based on clinical symptoms
alone can drive underdiagnosis or overdiagnesis, leading to delays in
correct diagnosis and ineffective treatment [11,12]. Moreover, spirom-
etry can be used to predict the risk of asthma exacerbation [13].

Abbreviationa: AUC, area under the curve; ATS, American Thoracic Society; BEV, back extrapolated volume; BMI, body-mass index; CI, confidence interval; COPD,
chronic obstructive pulmonary disease; ERS, European Respiratory Society; FEV1, forced expiratory volume in 1 5; FET, forced expiratory time; FVC, foreed wital
capacity; GP, general practitioner; IQR, interquartile range; PEF, peak expiratory flow; ROC, receiver operating characteristic; OR, odds ratic; 5D, standard deviation.
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However, even when spirometry is available in primary care, clini-
cians frequently miss opportunities to perform it [14]. This could be due
to a shortage of time, a lack of adequate training, technical problems (i.
e. lack of a regularly serviced and calibrated spirometer) and reluctance
to perform a test that does not fulfil the American Thoracic Soci-
ety/European Respiratory Society (ATS/ERS) standardisation criteria
[15]).

Rapid technical progress in the 21st century has enabled the devel-
opment of portable diagnostic tools, which are lightweight, easy to use
and low cost. Mobile phone-linked spirometers can be used almost
anywhere - at small primary healthcare centres or even at the patient’s
home. Improved access to these tools could lead to earlier diagnosis of
COPD and asthma, resulting in earlier therapeutic intervention and
suppression of disease progression [16]. Early detection and treatment
can decrease the number of disease exacerbations, which has a positive
medical and economic impact. New software on the devices facilitates
data collection from every test and allows disease progression to be
monitored.

A new AioCare® portable spirometer was reported to be effective for
home self-monitoring in patients with asthma [17]. Up to 96% of par-
ticipants used the device correctly (ie. in line with the ATS/ERS
acceptability and repeatability criteria) at least once. Our recent study
showed that the AioCare® mobile spirometry system can also be used at
the bedside to detect airway obstruction in hospitalised patients without
the need to transport them to the lung function laboratory [18]. The
device measures all commonly used spirometry parameters including
forced vital capacity (FVC), forced expiratory volume in 1 & (FEV}) and
peak expiratory flow (PEF). The spirometer communicates wirelessly
with the mobile device application via Bluetooth. Here we present
complete results of the abovementioned study, which aimed to: 1) assess
the feasibility of use of the AioCare® mobile spirometry system in pri-
mary care on a national scale; 2) evaluate the acceptability of the per-
formed tests and identify the most common errors; 3) evaluate factors
associated with technically correct spirometry examinations; and 4)
assess the prevalence of airway obstruction in patients undergoing
spirometry in primary care.

2. Materials and methods

2.1. Overall study design

This nationwide, cross-sectional, observational study was conducted
in the primary healthcare setting in Poland between 1 September 2018
and 1 September 2019. Mobile spirometers were distributed among
primary health centres across Poland that did not have a lung function
laboratory and agreed to take part in the project. Devices were distrib-
uted with respect to population density (one spirometer for every
100,000 citizens) among the primary healthcare centres that were the
first to respond and agree to collaborate. Spirometers were used by
healthcare professionals in patients attending routine visits. General
practitioners (GPs) were instructed to order spirometry according to the
Recommendations of the Polish Society of Lung Diseases [19]. The study
was approved by the Institutional Review Board of the Medical Uni-
versity of Warsaw, Poland (AKBE/159/2020).

2.2. Equipment and usage

A total of 382 mobile phone-linked spirometers (AioCare®, Health
Up, Poland) (Fig. S1) were distributed throughout Poland (Fig. 52).
Spirometry was performed by a specially trained nurce, technician or
GP. A 2-h training session was held by representatives of the company
that distributed the spirometers. All operators were trained not only in
conducting spirometry examinations according to the ATS/ERS criteria,
but also in the practical application of the mobile spirometer and the
connected mobile device (smartphone or tablet). If a manoeuvre was not
in line with ATS/ERS spirometry quality criteria [15] automatic

(=]
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feedback in the form of messages was provided to the operator (Fig. S1).
Data were stored on the mobile device and accessed via a web-based
platform.

2.3. Spirometry and definitions

A spirometry examination was deemed technically correct if at least
three manoeuvres fulfilled acceptability and repeatability criteria ac-
cording to the ATS/ERS recommendations [15] (Table 1). The incidence
and types of the most common spirometry errors were assessed. Airway
obstruction was defined as FEV,/FVC below the lower limit of normal
and the severity of airway obstruction was evaluated according to the
ATS/ERS spirometry interpretative strategies [20].

2.4. Statistical analysis

Statistical analysis was performed with statistical software package R
(Foundation for Statistical Computing, Vienna, Austria). The normality
of data distribution was tested using a Shapiro-Wilk test. Normally
distributed data are presented as mean + standard deviation (SD), and
non-normally distributed data as median (interquartile range, IQR).
Categorical data are presented as n (%). The differences between vari-
ables in two different groups were evaluated using a Student’s t-test
(normally distributed data) or Wilcoxon rank sum test (non-normally
distributed data). Categorical data were compared using a Chi-square
test.

The percentage of acceptable and repeatable examinations by oper-
ator was calculated for each spirometer use. A Chi-square test was used
to assess the significance of differences in the percentages of acceptable
and repeatable examinations between the first and subsequent (i-th)
uses of spirometry.

Stepwise logistic regression was used to identify factors with the
greatest impact on achieving a technically correct spirometry exami-
nation. One-way analysis was performed for 14 variables: user's age >40
years old and gender (male/female), patient’s age >40 years old, pa-
tient’s gender (male/female), patient’'s smoking status (smoker), pa-
tient's body-mass index (BMI) > 25 kg/mz, occurrence of back
extrapolated volume (BEV) error, FET<6s, cough error and plateau error
in at least one examination, number of manoeuvres in examination >4
(binary variable), patient’s visit number (1 or 2) and repetition of ex-
amination during the same visit. Odds ratios (ORs) were calculated for
each factor in the final model. The level of fit of the model was assessed
using the v-cross validation method (v = 10) and the area under the
curve (AUC) calculated from the receiver operating characteristic (ROC)
curve. The Hosmer-Lemeshow test was performed to verify the fit of the
model. All P-values were two-tailed and P < 0.05 was considered

Table 1
Spi try errors identified and reported by the portable spirometer.

Type of error Definition

Acceptability
erTors

BEV error BEV value exceeds 5% of the FVC or 0.150
L, whichever is greater

The volume-time curve shows a change in
volume less than 0.025 L in the last | s of
expiration

Duration of the forced expiratory time is less
than 62

Cough recorded during the expiration
manoceuvre

Less than three spirometry manoeuvres

Plateau error

FET<6s

Cough error

erTors P
The difference between the largest and the
next largest FVC is > 0.150 L (AFVC)

The difference between the largest and the
next largest FEV, iz > 0.150 L (AFEV;)

AFVC

AFEV,

BEV - back extrapolated volume, FVC - forced vital capacity, FET - forced
expiratory time, FEV, - forced expiratory volume in | =.
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statistically significant.
3. Results

3.1. Study population

A total of 10,936 examinations were performed in 9855 patients
(aged 47.8 = 16.3 years, 5094 (52%) women) by 673 operators (aged
46.8 + 10.3 years, 404 (60%) women). The mean BMI of patients was
26.55 + 5.02 kg/mz, and 2990 (30.3%) patients were current smokers.
The majority (58.196) of examinations were performed in towns with
more than 100,000 inhabitants (Table 2.). Operators performed a me-
dian of 9 (IQR 3-31) spirometry examinations.

3.2. Acceptability and repeatability of spirometry

Of 10,936 spirometry examinations, 5347 (49%) met both accept-
ability and repeatability criteria (Fig. 1). In 12.8% of examinations less
than three acceptable manoeuvres were performed. Among all spirom-
etry manoeuvres the most common errors were plateau error (17.7%),
followed by BEV error (16.5%) and FET<6s (14.3%). The percentage of
acceptable and repeatable examinations by operator declined with the
increasing number of performed tests, with the difference compared to
the first examination reaching statistical significance from the 16th ex-
amination (Fig. 2).

3.3. Factors influencing technically correct spirometry

Examinations conducted by an operator >40 years old more often
met acceptability and repeatability criteria than those performed by
younger operators (<40 years) (Fig. 3A, operator-associated factors,
shown in green). Patient-dependent factors that negatively affected the
OR of achieving acceptable and repeatable tests were: current smoking
and male sex (Fig. 3A, patient-dependent factors, shown in orange).

Among technical factors, the occurrence of plateau error in at least
one manoeuvre had the greatest effect on the acceptability and repeat-
ability of the whole examination (OR 0.28, 95% CI 0.25-0.31) (Fig. 3A,
technical factors, presented in blue). The of FET<6s or BEV
error in at least one manoeuvre also significantly impacted the accept-
ability and repeatability of the examination. Repetition of the spirom-
etry examination at the same visit, after rest, significantly increased the
chance of meeting acceptability and repeatability criteria.

Spirometry examinations in female and non-smoking patients were
more likely to be affected by BEV error (Fig. 3B). Plateau errors occurred
more often in male patients and in patients > 40 years old (Fig. 3C). Male
and older (>-40 years old) operators were more likely to avoid this error.
Smoking patients, and operators and patients >40 years old, were also
less likely to have an FET<6s (Fig. 3D).

Respiratory Medicine 184 (2021) 106472

3.4. Spirometry results

Mean spirometry values were: FEV; (% of predicted) 91.1 + 25.3%
and FVC (% of predicted) 97.1 + 23.4%. Airway obstruction was found
in 930 (1796) correctly performed spirometry examinations, with
severity graded as follows: mild (46.9%), moderate (17.4%), moderately
severe (12.8%), severe (15.69%) and very severe (7.3%). Airway
obstruction was more prevalent in smokers than in non-smokers (23.8%
vs. 14.5%, p < 0.001) (Table 3). In patients >40 years airway obstruc-
tion was observed in 26.8% of smokers versus 14.2% of non-smokers (p
< 0.001). The prevalence of airway obstruction was higher among res-
idents of towns with fewer than 40,000 inhabitants than in bigger towns
(27.1% vs. 17.3%, p < 0.01). A restrictive pattern was observed in 918
(17%) correctly performed examinations.

4. Discussion

Our study demonstrated that portable, mobile phone-linked spi-
rometers can be successfully applied in primary healthcare centres that
do not have access to a lung function laboratory, across all regions of
Poland. We found that 49% of 10,936 performed tests fulfilled accept-
ability and repeatability criteria. The most common spirometry errors
were plateau and BEV errors, followed by FET<6s. Multiple logistic
regression showed that the most important factors that positively
impacted the acceptability of spirometry were the operator’s age (>40
years old), and patients’ smoking status (non-smoking patients) and sex
(female). Airway obstruction was found in 17% of correctly performed
spirometry examinations, whereas the prevalence of airway obstruction
among smokers >40 years was almost 27%.

To our knowledge, this is the first study to address the usefulness of a
mobile phone-linked spirometer on a national scale. The results of
several studies assessing the quality of portable spirometry examinations
performed in primary care have previously been reported. The portable
spirometers used in these studies were not mobile phone-linked and
were larger than the pocket-sized spirometer used in our study. The
studies differ in population characteristics and size, and not all were
nationwide. Importantly, as the ATS and ATS/ERS standardisation
criteria have changed over time, there are also differences in spirometry
quality criteria among studies. The percentage of tests that fulfilled all
ATS/ERS criteria in these studies ranged between 3.5 and 80% [21-29]
(Table 4). According to previous studies, the percentage of tests per-
formed in the pulmonary function laboratory that fulfilled all ATS/ERS
criteria was definitely higher and amounted to 90% of all tests [30].

Analysis of data from previous studies demonstrated that the
following factors are the most important in ensuring good-quality
spirometry examinations in primary care: 1) duration of spirometry
training, 2) follow-up training and 3) instructor’s experience. A 2-h
training session was insufficient to achieve a high rate of quality

Table 2
Demographic data for all patients included in the study and a parison b patients who performed ptable and repeatable spi try vs. those who did not.
Variable Patients P-value
All(n= Spi v ting ptability and Spi y not ting ptability and
9855) repeatability criteria (n = 4864) repeatability criteria (n = 4991)
Age (years) 478+ 479 =157 478= 168 0.880
16.3
Female sex, no. (%) 5094 (52) 2649 (54) 2445 (49) <0.001
BMI (kg/m?) 265+50 266=50 265=51 0.304
Smokers, no. (%) 2990 (30) 1338 (28) 1652 (33) <0.001
Place of <10 000 inhabitants, no. (%) 522 (5.3) 268 (5.5) 255 (5.1) 0.469
residence 10,000-39,999 inhabitants, 1951 214 (18.9) 1028 (20.6) 0.076
no. (%) (19.8)
40,000-100,000 inhabitants, 1656 851(17.5) 809 (16.2) 0.185
no. (%) (16.2)
>100,000 inhabitants, no. 5726 2831 (58.2) 2899 (s8.1) 0.96
(%) (s8.1)
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spirometry examinations in several studies [21,24]. Only 13.5% [21]
and <349% [24] of tests performed by family physicians who underwent
a 2-h training session fulfilled all ATS/ERS acceptability and reproduc-
ibility criteria in New Zealand and Switzerland, respectively. By
contrast, studies that incorporated intensive training lasting >3 h
demonstrated that acceptable spirometry could be obtained in over half
of patients [25-29]. Interestingly, we found a relatively high percentage
of acceptable spirometry examinations despite a short 2-h training

examinations by operator. A cignificant ch
pqrm!othe lnlmeofthe:puom:ﬁernmnrkgdwnhambox. (For interpretation of the references to colour in this figure 1

Awof 'LI r- try e

in com-
I to the

in the per

course. This might be associated with the technical properties of the new
mobile phone-linked spirometer and its software, which serves as a
guide in performing spirometry and provides real-time messages on
technical errors.

Follow-up training and instructor’s experience were not assessed in
our project. However, in studies in which follow-up training was
applied, technically correct examinations were found in most patients
[25,26,28]. Similarly, all except one study [21] in which spirometry
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A. Acceptable and repeatable B. BEV error
OR (95%C) OR {75%LN
Operator’s age —0- 1.49(1.35-164) -
Operator’s gender: male I 0.99 (0.91-1.08) © 0.87 (0.81-0.94)
of perft d sp y>16 0.96 (0.87-1.05) - 1.01 {0.93-1.11)
Patient’s age > 40 y 4> 1.05 (0.96-1.15) O 1.10 (1.02-1.19)
Patient’s gender: male - 0.85 (0.77-0.93) © 0.86 (0.80-0.93)
Patient’s BMI > 25 kg/mA2 -@- 1.10 (1.00-1.20) o 0.78 (0.73-0.84)
Patient’s smoking © 0.86 (0.78-0.94) < 0.80 (0.74-0.86)
ey~ - - 1.08 (0.96-1.19)
Repetition of spirometry during a visit i 1.90 (1.66-2.16) -
Plateu error L 0.28 (0.25-0.31) -
BEV error “ 0.45 (0.41-0.50)
FET<6s e 0.40 (0.36-0.44) @ 1.17 (1.06-1.28)
Cough L 2 0.59 (0.52-0.68) —— 1.10 (0.97-1.25)
No. of manoeuvre where BEV error/
Plateau error/FET<6 s occured 7 P 1.04 (1.02-1.05)
00 0 0% 0% 108 125 150 17 200 22 2900 025 0% O 100 13 L% 1Y 200 MM 1%
C. Plateau error D. FET<6s
OR {8%01) OR (95%C1)
Operator's age - 1.31(1.22-1.41) - 0.88 (0.81-0.95)
Operator’s gender: male & 0.91 (0.85 0.98) o 0.91 (0.850.98)
Number of performed spirometry > 16 @ 1.22(1.11-1.38) @ 0.83 (0.76-0.91)
Patient’s age > 40y <O 145(1.34-156) o 0.89 (0.82-0.96)
Patient’s gender: male - 1.57(1.46-1.69) e 0.84 (0.78-0.91)
Patient’s BMI > 25 kg/m*2 & 0.3 (0.87-1.00) O~ 1.10(1.02-1.19)
Patient’s smoking < 1.15 (1.08-1.24) < 0.97 (0.89-1.05)
Number of manoeuvres (in one
examination) > 4 ~ 2
Repetition of spirometry during a visit
Plateu error - o 0.83 (0.76-0.91)
BEV error - 1.04 (0.95-1.14) - 1.17 (1.06-1.28)
FET<Bs N 0.89 (0.80-0.98)
Cough -~ 0,75 (0.65-0.86) 495(4.47-547) @
No. of manoeuvre where BEV error,
Plateau error/FET<6 s occure‘ q 0.97(0.96-0.99) ’ 0.59 (0.97-1.00)
00 025 050 O 100 125 10 L7 200 228 29000 025 0S50 025 100 135 150 175 200 225 250 5M
Fig. 3. Factors that affected the achie t of ptable and repeatable cpirometry examinations and different errors expressed az odds ratios (ORz) and 95%
confidence intervals (95% Clz). A. Factors associated with the likelihood of obtaining acceptable spirometry examinations. B. Factors affecting the occurrence of back
extrapolated volume (BEV) error. C. Fact iated with plat, error. D. Factore influencing a forced expiratory time of less than 6 ¢ (FET<6¢). In column A
values of OR>] indicate factors that increase the probability of obtaining a technically pL try ination ( ting ptability and repeatability
iteria). In col B-D, values of OR>> | indicate factors that i the probability of individual errors. Operator-dependent factors are marked in green, patient-
I dent factors are highlighted in orange and fact iated with technical ptability criteria are marked in blue. (For inter ion of the ref to

colour in this figure legend, the reader is referred to the Web version of this article.)
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Table 3 training courses were conducted by respiratory healthcare professionals
Comparicon of patients with and without airway obstruction. achieved relatively high rates of technically correct examinations
Variable Patients Pralos [21-29]. This might be because experienced clinicians can pass on their
clinical knowledge from years of practice.
With airway Without airway i ge o o
hatraction (n s B14)/  obatiactian (o 306E) Surprisingly, we observed a negative correlation between the num-
ber of spirometry tests performed by operators and the quality of con-
Age (years) 492 =180 47.7+ 15.2 0.022 ducted t Thisi bablybec all " . ived
Female sex, 444 (55) 2152 (54) 0.975 R ause all operators in our study recei
number (%) spirometry training only once, without follow-up training. A decreasing
BMI (kg/m?) 262+51 267+ 4.9 0.006 enthusiasm and excitement about the novel device may also have
Smokerz, 314 (39) 1003 (25) <0.001 contributed to this relationship. Previous studies report contradictory
p——% findings regarding the relationship between the number of performed
FEV, (% 685 <231 063+ 228 <0.001 2 x : : >
peedictad) procedures and their quality. An inverse relationship was reported in
FVC % 9572 253 97.4+ 229 0.072 two previous studies [24,29]; however, in the study by Leuppi et al. the
predicted) ability to perform technically correct spirometry initially increased with
FRV/RVC 057 £032 D790 % 0007 <000 the first 30 examinations [24]. No ‘leaming curve' was observed in other
BMI - Body-mass index, FEV, - forced expiratory volume in | ¢, FVC - foreed vital studies [22,23,31].
capacity. An inability to meet the end-of-test criteria was the most frequent
reason for spirometry failure in the present study and in previous studies
23,29,32,33]. In the Polish study in patients aged >70 years a lack of
Table 4
Quality of spirometry in the primary care setting in the present and previously publiched studies in relation to provided spirometry training.
Eaton 1999, de Hei 2020°, Leuppl
Hegewald Burten 2004, | Borg 2010, Yawn Bellia
New Zealand [21) the 2010, Jankowski Zanconato
2016, USA Australia Australia | 2007, USA 2000, italy
Gkconad Traiad Netherlands Switzerland | 2020°, Poland 2005, Italy [28)
T . [23) [25] 26] 127) (29)
group group lzzl lz"
% of tests that 62%
13.5% (at 57%
fulfilied all ATS or 35% 13.5% 2% 34% 49% (at o™ 71% 78% 80%
127 week) {at 87 week)
ATS/ERS' criteria month)
Number of
1012 149 153 29,817 10,936 141 50 168 109 1622
tests
Training time None 2h None None 12h 2h 34h 14h 2days 5h 15h
Repetition of nfa None** n/a nfa None None Every week yes (at5,7 None yes (at week 12) None
and 9th of
training
month)
Splrometry rep. of the
Experienced Experienced | Experienced
sales company which 3rveStudy Study
Instructor n/a respicatory n/a nfa respitatory respiratory Pulmonologists
company distributed authors authors
sclentists sclentists sclentists
rep, spirometers
Current pts >7 y.0 Children 6-15
ps>18y.0,
smokers pts with chinical | Respiratory Naive with yo
Population pts with clinical with clinical | pts >10y.0. 265 y.0.
aged >40 indications pts >7T y.0. subjects asthma or | with asthma or
indications indication
years coed persistent cough

A bold line underlines the threshold of 50% of correctly performed tests according to ATS or ATS/ERS criteria. pts - patients, y.o. - years old. *ATS/ERS criteria. **The foliow-

up training was organised after data collection,
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plateau occurred nearly 4 times more often than in our study (60.1% vs.
17.7%) [32]. In another study performed in patients with airflow limi-
tation, plateau error was found in 59.5% of spirometry examinations
[29]. Most of the previously published papers did not assess BEV error.
In some studies, a common term for both BEV error and time to
PEF>0.3s was used, making it impossible to evaluate the occurrence of
BEV error alone [22]. In the study by Bellia et al. BEV error was the least
common error (13.4-18.2% of all tests) [29]. By contrast, although
plateau error was the most common error in all performed examinations
in our study, BEV error was the most frequent error among spirometry
examinations that met both the acceptability and repeatability criteria
or that met acceptability criteria alone.

Although the mobile phone-linked spirometer could be considered
easier to use by younger adults, operators >40 years old obtained better
quality examinations than their younger colleagues. This is probably
because portable spirometers are easy to use regardless of age and more
experienced operators are able to obtain more valuable results. Our
finding that spirometry was of higher quality in female patients than in
male patients has been documented in previous studies [32]. Spirometry
examinations were of lower quality in current smokers than in
non-smokers, which was also observed in a previous study [34], in
which current smoking among women was a key determinant of test
failure. However, a few studies have reported higher failure rates in
non-smokers than in current smokers [30,35]. Repetition of spirometry
during a single visit increased the probability of achieving a technically
correct examination. This finding is consistent with the results of pre-
vious studies. Perez-Padilla et al. reported that the quality of spirometry
improved after repeating the examination on either the same or a
different day, supporting the need to perform multiple examinations in
some patients [36].

In all technically acceptable tests, the prevalence of airway
obstruction among smokers 40 years old was 26.8%. The findings of
our study concur with those reported in similar studies [24,37,38].

4.1. Limitations

Our study has several limitations. The device software used at the
beginning of the study was less advanced than at present, which resulted
in some missing patient data (e.g. comorbidities, previous diagnosis of
COPD or asthma). Furthermore, we had no information about whether
spirometry tests were used before or after bronchodilator examinations,
which made it impossible to use the results in the context of COPD
screening. Although this might be considered an important shortcoming,
the main aim of this project was to verify that the new spirometry
software can be used efficiently on a national scale. Therefore, we
concentrated only on the raw spirometry data. Furthermore, we did not
compare the results of spirometry examinations with those of the follow-
up examinations, which could provide information about the diagnostic
utility of portable spirometry in primary care. Nevertheless, many of
these limitations can be easily eliminated with new software that is
going to be prepared based on this experience. Therefore, our report
provides the incentive to introduce mobile spirometers into general
practices on a broad scale and will be used to improve the quality of
spirometry examinations in primary care. Moreover, we believe that
these mobile devices could counteract the reduced availability of
spirometry in the outpatient setting during the COVID-19 pandemic, as
they have disposable filters, can be easily disinfected and connect via
Bluetooth, ensuring the safety of both operators and other patients.

5. Conclusions

A portable, mobile phone-linked spirometer can be successfully
implemented as an effective tool for lung function testing in the primary
care setting on a national scale. Easy-to-use, operator friendly and
guiding software can help to obtain a considerable percentage of tech-
nically correct spirometry examinations, even by healthcare

Respiratory Medicine 184 (2021) 106472

professionals who have undergone only one short-course spirometry
training session. However, more intensive and continued operator
training is probably needed to achieve fully satisfactory spirometry ex-
aminations. The most common spirometry error was plateau error.
Older operator age, patient’s non-smoking status and female sex, as well
as repeated examination during the same visit were associated with
better spirometry quality. Airway obstruction is a common finding in
primary care, present in almost 27% of smokers >40 years old in the
study.
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Highlights:

What are the main findings?

+  Portable spirometers are only slightly less efficient in diagnosing COPD than traditional spirometers
*  The highest COPD prevalence was demonstrated when well-selected high-risk patients were tested

What is the implication of the main finding?

»  Portable spirometers are useful in the early diagnosis of COPD
+  Portable spirometers enable bedside COPD diagnosis

Abstract: COPD is the third leading cause of death worldwide. Its diagnosis can be made with
spirometry, which is underused due to its limited accessibility. Portable spirometry holds promise for
enhancing the efficacy of COPD diagnoses. The study aimed to estimate COPD prevalence diagnosed
with a portable spirometer in high-risk patients and compare it with COPD prevalence based on data
from conventional, on-site spirometry. We also evaluated the strategy of a proactive approach to
identify COPD in high-risk individuals. We conducted a systematic review of original studies on
COPD targeted screening and diagnosis with portable and conventional spirometers selected from
8496 publications initially found in three databases: Cochrane, PubMed, and Embase. The inclusion
criteria were met by 28 studies. COPD prevalence evaluated with the use of portable spirometers
reached 20.27% and was lower compared to that estimated with the use of conventional spirometers
(24.67%). In 11 included studies, postbronchodilator tests were performed with portable spirometers,
which enabled a bedside COPD diagnosis. Portable spirometers can be successfully used in COPD
targeted screening and diagnosis and thus enhance the detection of COPD at early stages.

Keywords: COPD; spirometry; portable spirometer

1. Introduction

Chronic obstructive pulmonary disease (COPD) is highly prevalent; itis estimated that
its affects around 7.6-10.3% of the worldwide population aged 30-79 years [1]. Although in
early stages, the disease is mildly symptomatic [2] and approximately 80% of the affected
subjects are unaware of its presence [3], COPD is a progressive and fatal disease. In 2019,
COPD was the third leading cause of death worldwide [4].

A COPD diagnosis can be made in subjects with a significant exposure to risk factors
(e.g., cigarette smoke) when fixed airway obstruction in spirometry is found [5]. Although
spirometry is easy and inexpensive, it is largely underused [6]. This is probably due to the
limited accessibility to office spirometry, lack of properly trained personnel, and physicians’
fear of potential misinterpretation. Moreover, patients with COPD are a psychologically
difficult population, reluctant to undergo appropriate diagnostics. This group is often

Aduv. Respir. Med. 2024, 92, 158-174. https:// doi.org/ 10.3390/ arm92020018
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unwilling to seek medical assistance; difficulty in traveling to health care centers may also
be a contributing factor [7]. On the other hand, the timely diagnosis and treatment of
COPD are crucial in slowing down the progression of the disease, given that the decline
in the forced expiratory volume in the first second (FEV1) tends to be more significant
in the initial stages of the condition. [8]. Exacerbations of COPD can also manifest in its
early stages, potentially resulting in hospitalization and increasing the risk of mortality [9].
Consequently, identifying and managing individuals with COPD, particularly in its early
phases, can result in enhancements to their overall health conditions [10].

There are many different spirometers, ranging from advanced conventional devices
used in well-equipped pulmonary function test laboratories in tertiary hospitals, to small-
size spirometers used in primary care settings (most often desktop spirometers). For several
years, portable easy-to-use spirometers have been available on the market. Importantly, the
accuracy of such devices has been proven to be comparable to that of spirometers used in
pulmonary function testing laboratories [11].

Small spirometers that can be connected to a smartphone via Bluetooth seem to
bring significant technological progress to modern pulmonology. Nowadays, portable
spirometers are used at patients” homes to assess the control of asthma [12]. Portable
spirometry can also be performed and supervised remotely in cystic fibrosis patients to
monitor disease progression [13,14]. Other examples of the use of small spirometers also
include spirometry at home to assess the efficacy of pirfenidone in patients with lung
interstitial diseases [15] or the early detection of pulmonary complications in an allogeneic
hematopoietic cell transplant recipients [16].

Portable spirometers can also be used in COPD diagnosis and follow-up. Previous
articles that have examined the use of portable spirometers in patients with COPD focused
mainly on the reliability of baseline spirometry and their use in population screening
and targeted screening actions [17]. Some publications also assessed the possibility of
using devices other than spirometers in COPD screening, e.g., the COPD-6 device [158] or a
handheld expiratory flow meter [19].

Many past studies did not specify the tested populations, failing to differentiate among
screening in asymptomatic patients at risk, true population health screening, and testing
symptomatic individuals (diagnostic spirometry). In our work, we aimed to distinguish
studies that focused on specific subpopulations of patients. Future publications concerning
the effectiveness of portable spirometry should strive to distinguish the device's effective-
ness in screening actions in the general population, as well as in diagnostic spirometry.

There is only scarce data on the true diagnostic capabilities of portable spirometers.
Thus, the authors decided to conduct a systematic review of the available articles that
concerned COPD diagnosis in patients at risk using various types of spirometers, including
portable devices.

The specific objectives of this systematic review were:

1. To estimate COPD prevalence diagnosed with a portable spirometer in high-risk
patients and compare it with the disease prevalence reported in the studies that used
conventional spirometers;

2 Toevaluate strategies of proactive approaches to identify COPD in high-risk individuals.

2. Materials and Methods
2.1. General Study Design

This was a systematic review of previously published original papers. The authors
followed the recommendations of the PRISMA 2020 [20]. The protocol of this systematic
review was registered in the PROSPERO registry (ID CRD42022337420).

2.2. Definitions
2.2.1. Types of Screening

In line with the recommendations of the U.S. Preventive Services Task Force, the rou-
tine screening of asymptomatic patients for COPD is not advised due to its ineffectiveness.
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The diagnosis of COPD is instead recommended for individuals presenting respiratory
symptoms, such as chronic cough, sputum production, difficulty breathing, or wheez-
ing [21]. This type of COPD testing, focused on symptomatic individuals, is referred to as
diagnostic spirometry.

Only a subset of the publications included in our systematic review met the criteria
for diagnostic spirometry. However, we limited our focus to publications concerning
individuals at an increased risk of COPD, with a minimum cumulative cigarette smoke
exposure of 10 pack-years. Consequently, all included papers adhere to the definition of
targeted screening as adopted by the UK National Screening Committee [22].

2.2.2. Types of Spirometers

Spirometers differ in size, ranging from compact devices that fit in a pocket and can
be easily connected to a smartphone (hand-held spirometers), to slightly larger models
suitable for placement on a desk (desktop spirometers), and and culminating in spirometers
utilized within pulmonary function test laboratories (conventional spirometers). However,
in our paperwork we decided to apply a purely practical approach, classifying spirometers
into 2 groups:

1. Portable spirometers—small/ pocket devices, easily moved from room to room (also
desktop spirometers), often connected to a smartphone, which can measure basic
spirometric parameters (at least FEV1, FVC, and FEV/FVC).

2 Conventional spirometers: a certified spirometer used in the pulmonary test labora-
tory that cannot be moved easily, usually used in the same office.

We believe that this this categorization enables the assessment of the feasibility of

spirometers that can be used in active COPD diagnosis even outside healthcare facilities, as
part of various spirometfry initiatives.

2.3. Search Strategy

A systematic search of the literature was carried out to identify relevant, English
language studies, published between 1958 and 7 December 2021. Pubmed, the Cochrane
Central Register of Controlled Trials, and Embase databases were used as the source
of the data. The keywords for our search included a combination of terms related to
COPD (“obstructive pulmonary disease” [tiab] OR “obstructive lung disease” [tiab] OR
“obstructive airway disease” [tiab] OR “airway or airflow obstruction” [tiab] OR “chronic
bronchitis and pulmonary emphysema”), spirometry and screening (diagnosis [tiab] OR
“case finding” [tiab] OR prevalence [tiab] OR “early detection” [tiab]) (Table 51). The wide
search, including terms related not only to portable spirometers but to all of its types
(including conventional spirometers), was performed in order to not miss any important
study concerning targeted screening actions performed to detect COPD.

The reference lists of the selected articles were subjected to a hand search to identify
additional articles.

2.4. Selection Criteria
Studies were eligible for inclusion if they met the PICOS criteria, namely the following:

1.  Population: subjects aged = 35 years with a history of smoking (=10 pack-years).

2 Intervention: baseline spirometry performed with a portable device /conventional
spirometer and a postbronchodilator test performed to confirm the COFD diagnosis
(defined as FEV1/FVC < 0.7 [5] or <LLN [23]).

3. Comparison: n/a.

4. Qutcome: prevalence of irreversible airway obstruction (i.e., airflow limitation not
reversible after inhaled bronchodilator).

5. Study design: cross-sectional/ cohort studies.

We excluded studies published in languages other than English, as well as non-
original papers.
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2.5. Study Selection

Relevant articles to be included in this review were identified and assessed indepen-
dently by K.M. and PJ. All studies from the databases were screened by title and abstract.
Irrelevant or clup]icate articles were excluded, and all remai.m'ng articles were subjected
to full-text screening. Differences between the reviewers in the inclusion of articles were
resolved through discussion and consensus between all authors. Using the Joanna Briggs
Institute critical appraisal tools for conducting JBI systematic reviews, studies underwent
an evaluation to assess their methodological quality [24] (Table 52). Each study was as-
signed a score of either present (1) or absent (0), which was then aggregated to determine
a final value. A significant risk of bias was identified when the percentage of positive
responses was 49% or less. A moderate risk of bias was indicated when the percentage
ranged between 50% and 69%. Conversely, a low risk of bias was detected when the
percentage of positive responses exceeded 70%. Both reviewers (K.M. and I'].) achieved
consensus on the quality assessment outcomes through discussion. Figure 1 depicts the
process of screening and including articles and lists the reasons for excluding articles. In
the case of articles including no information about the spirometer’s type, an email was sent
to the corresponding author with request to deliver the needed data. When no answer was
received an article was excluded.

| Identification of studies via databases and registers

Records identified through
database searching Records removed before screening:
{n = B496)
Diatabases (n = 3) —*| duplicate reconds removed
Pubmes: n = 3954 (n = 2355)
Embase: n = 4301
Tha Cochrana Liorary:
n=24
e
Racords scrooned Records excluded sfier absiract screening
in=5141) I {n= 55?-5]:
»  illegible (nol refaled 1o dagnosing
CORDY
= noboriginal shadies ! nol Rull-bexl studies
+  duplicate records
Full-text anticles assassed Fulltext articles excludad (n = 53€),
_E far eligibility —— | with reasons
{n = 566) = indusion critera not defined (n=34)
= indusion critera
{= 35 y.o. & = 10 py} not fulfiled
{n = 387)
»  antides nal in English (n = 30)
= nobronchoditalor lest performed (51)
« not known type of spiromatar {n = 56)
= duplcaled dala (n = 3)
& arway obstructon not defined as
FEVWFVC <07 or<LLM (n=5)
: L

Studies included in review Group A {n = 1)

(n=28) sdies, 0 whch  bolh  pre-  and
postbronchodilatar spirometry were performed
with a poriehle sprometer
Group B (n = 11)

] gludies, 0 wheh balh e ared
3 posttronchodilatar spiromelry were performed
2 with & corveniicnal sprometer
Group € [n = 6): artides, where screening
spirametry was performed with a portaole
spirameter [or a partable device, for instance
COPD-6), but the confirmatory spirometry was
performid with a conventional spiromter

Figure 1. The process of screening and including articles for this systematic review; py—pack-years.
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During the study selection, we observed that screening strategies could be categorized
into three groups based on the type of spirometer employed (see: Data extraction). Studies
included in the review, depending on the adopted strategy, are listed in Tables 1-3.

The whole process is pictured in the PRISMA flow diagram (Figure 1).

Table 1. Studies conducted with a portable spirometer.
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CSC: clinical study center; DM: diabetes mellitus; GF: general population; HO: hospitalized; HS: hospital; HTN:
hypertension; I[HD: patients with ischemic heart disease; MENT: patients with severe mental illness; NI no data
available; OSC: outpatient specialty clinic; PC: primary care; FPHA: pharmacy; PY: pack-years. ! Studies in which
respiratory symptoms were one of the subject’s inclusion criteria; 2 data are presented as the median (interquartile
range) or 3 range; 4 not known if patients with previously diagnosed COPD were excluded.
Table 2. COPD diagnostic studies performed with conventional spirometers.
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: 1 : truction
1 Stay, 2007 [34] Tarasl cg:"“'rm 1058 (25) G (NDY) 4575 =20 ND ND ND ik 17.2
Biogmedical
2 Yawn, 2009 [37] =T Systems 1201 (NIY GP (ND41%:) =40; =10 ND ND PC <07 261
Cm"pw.rtaﬁm'l
3 M"““ﬁ;’"{" a4 France J;."”““"E: 336 (17) HIV (NDY) =40; =20 50 (46-53) 2 30 25-38) 2 HS o7 18,9
I Lee, 2015 [39] Canada  Winspiro (MIK) 11 (NI GP (224,51.2) »75; =20 ND ND PC ik 3641
5"“’“‘i'_fn’]' s Mexico Sengormedics 24 (50.1) GP{ND) =40; =10 518 (10.5) 1950 {10-33) 2 PC LLN 1141
& 5"“’“‘i'_ﬁ]’]' s Mexico Sengormedics 3T (52 GP{ND) =40; =10 1963 (11.3) 17.00 (8-28) 2 PC LLN 57
7 Labor W16[41]  Croatia cﬁﬂm 277 (506} G (NDY) di-65; =20 525 (68) o (17.4) PC ik 189
ino Medics
& Su, 2014 [42] Taiwan Su;dmm 2130 301 (4.7) PULMO (NI =40; =20 707 (13.7) 54(5.0) HS ik rol
(SensorMedics)
H ir
9 Tean, 2020 [34]  Australia Cmm':m 33 {42.4) HO» (21,58) =40 =10 B3 (6.8) 187 (.3 HS o7 a2l
(Meadisoft)
10 [']wal'l’i']mu m L:J;‘."‘“ﬁ‘-‘t:f' 290 (NI} GP(NDY =40; =10 £31 (100 L6 (200 HS 07 Lol
11 Y‘“’iﬂ]wj Tunisia Q&ﬁ‘gﬂ: 122 (1.7} HD 557467)  »40; =10 59.3 (9.5) 52.3 (28.3) Hs oF 139

DM: diabetes mellitus; GP: general population; HIV: HIV-infected patients; HS: hospital; HTN: hypertension;
IHD: patients with ischemic heart disease; LLN, lower limit of normal; NI no data available; FC: primary care;
PULMO, patients from pulmonary outpatient clinics; P, pack-years. ! §pudies in which respiratory symptoms
were one of the subject’s inclusion criteria; ? data are presented as the median (interquartile range).
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Table 3. COPD diagnostic studies: baseline spirometry performed with a portable spirometer or
COPD-6 device; confirmatory with a conventional spirometer.

Population FEV/FVC ;
Year of ountry) vice cipants: (Prevalence of Criteria: (Mean: Settin ut off Value o i

First Authorg c / Devi Partici P le § Inclusion PY (M. Cut off Val % Newly
PubHeation Region (Manufacturer) * n (%F) Comorbidities: 40"y (SD) 8 Jfor Airway OFD

1 Thom, 2012 [45] Sweden COPD-6 305 (567) GP (ND) S 303 (11.5) PC 0.7 2522

2 Ching, 2014 [45] Malaysia COPD-6 416 (0.2) GP (ND; 46.2) :;':g; 20.4(18) PC 0.75/0/74% 19

3 Kim, 2016 [&7]  South Korea COPD-6 190 (ND) GP (17.8; 40) ;‘{8‘ 28.5 (14.6) PC 077/074 2371
Korezyraki, Microlab 3500, - - >40; 7

4 2017 [48) Poland CareFusion 178 (36.5) GP (NDD; 67) 210 28 RS 0.7 28

s Liang, 2018 [49] Australia COPD-6 1045 (ND) GP (ND) f;'}g; ND PC 075/074 17.6

6 Lin, 2021 [50] Taiwan Spircbank Smart 370 (5.7) GP (ND) ::{g; 426 (28.3) PC 07 27.81

DM: diabetes mellitus; GP: general lpopulation; HTN: hypertension; ND: no data available; PC: primary care;
PY: pack-years; RS: railway station. * Studies in which respiratory symptoms were one of the subject’s inclusion
criteria; ? not known if patients with previously diagnosed COPD were excluded; * postbronchodilator spirometry
was performed with a conventional spirometer; 4 the first value shows the FEV/FEV cut-off value for airway
obstruction for the COPD-6 device, and the second value shows the FEV/FVC cut-off value for airway obstruction
for the conventional spirometer.

2.6. Data Extraction

The following information was extracted from the included studies by two authors:
(1) authors and year of publication; (2) country /region where the study was conducted;
(3) spirometer type (portable or conventional); (4) number of participants; (5) inclusion
criteria (6) baseline participants” characteristics; (7) results, % of newly detected COPD
cases (Tables 1-3).

In total, 28 studies were taken into consideration. The selected articles were classified
into 3 categories depending on the type of the spirometer used to screen for and to diagnose
COPD (Figure 2):

1. Studies in which both pre- and post-bronchodilator spirometry were performed with

a portable spirometer (Group A, Table 1);

2. Studies in which both pre- and post-bronchodilator spirometry were performed with

a conventional spirometer (Group B, Table 2);

3. Articles in which baseline spirometry was performed with a portable spirometer

(or a portable device, for instance COPD-6), but the confirmatory spirometry was

performed with a conventional spirometer (Group C, Table 3).

14,586

Prevalence of newly di

2504

Prevalence of newly diagnosed COPD Prevalence of newly diagnosed COPD

24.7% 16.5%

Figure 2. Comparison of distinguished publication groups.
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In one study [34], both portable and conventional spirometers were used to screen
for COPD, and hence, we included the data from this study in two groups: Aand B. In
another paper [40], two different subgroups of patients were included (with and without
respiratory symptoms), so we analyzed these subgroups separately.

2.7. Statistical Analysis

Statistical analysis was performed using MedCalc® Statistical Software version 20.218
(MedCalc Software Ltd., Ostend, Belgium; https:/ /www.medcalc.org; 5 Januray 2024). A
p-value of <0.05 was considered statistically significant. The primary outcome was the
diagnostic yield with the 95% confidence interval (CI), which was calculated by dividing
the number of successful diagnoses by the percentage of newly diagnosed COPD cases.
Study heterogeneity was assessed using the Cochran Q test (x2 test) and quantified based
on the IZ index [51]. Statistical heterogeneity was indicated in cases of p < 0.01 with a ¥ test,
and an I? index value of >50% was considered significant heterogeneity [52]. Random-effect
models with the inverse variance method were applied to reflect the variability of effect
sizes among included studies with diversity in adjunctive modalities [53]. Publication bias
was evaluated using funnel plot asymmetry based on both the Egger’s and Begg tests.

3. Results
3.1. Overview of Included Publications

The 28 publications included in our systematic review exhibited significant hetero-
geneity (Tables 1-3). Beyvond the three categories highlighted according to the type of
spirometer used, the included publications differed in terms of patients’ symptoms and the
setting where the spirometry was performed.

3.1.1. Risk of Bias

The majority of publications demonstrated a low risk of bias, indicating a high percent-
age of positive responses to the questions in the JBI tool (Table 52). In 6 out of 28 included
studies, the risk of bias was evaluated as moderate. The risk of bias reached 50% in only
one of the included papers [36], where the study subjects and the setting were not described
in detail, and the outcomes were not measured in a valid manner.

3.1.2. Symptomatic Patients

Out of the 28 selected publications, 12 studies focused on the diagnostic testing of
COPD (Table 53). In these studies, patients with at least one respiratory symptom were
eligible for spirometry. In the group of publications where respiratory symptoms were one
of the inclusion criteria, there were four studies that used portable spirometers [25,30,31,34],
six studies that used conventional spirometers [34,37,39,40,42 43], and two studies where
the initial spirometry was performed using a portable spirometer or COPD-device and
confirmed using a conventional spirometer [47,50].

In most publications, participants completed the COPD Assessment Test (CAT), the
Modified Medical Research Council Dyspnea Scale (mMRC), or custom questionnaires,
including, age, sex, smoking status, and the presence of respiratory symptoms, such as
cough, phlegm, wheezing, and shortness of breath. In most cases, an individual was
considered symptomatic if they exhibited at least one of the aforementioned symptoms. In
some publications, the criterion regarding symptoms was more precise, as in the case of the
paper by Yawn [37], in which patients were recruited for the study based on self-reported
symptoms of chronic bronchitis, defined as the presence of a productive cough for at least
three consecutive months in each of two successive years.

3.1.3. Setting

The heterogeneity of the publications included in our systematic review is also evident
in the setting where COPD targeted screening was conducted. In the majority of the studies,
spirometry was performed in primary care settings. For some publications, volunteers
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were invited to undergo pulmonary function testing at a hospital. One described study
was partially conducted at a railway station [48]. Two of the studies included by us were
conducted on hospitalized patients [33,34].

3.2. Portable Spirometers

Eleven studies using portable spirometers in the COPD-targeted -screening process
met the predefined criteria (Group A, Table 1) [25-35]. In all selected articles, a portable
spirometer was used both for the baseline spirometry and in the postbronchodilator testing.
The included studies differed in the study population’s size, airway obstruction criteria,
and setting. The percentage of newly found COPD cases among studies using portable
spirometers ranged from 6.6% to 41%, with the proportion (random effects) of 21.5%
(95% CI 16.4-27.2) (Figure 3A). There was substantial heterogeneity across studies with
12 97.3% (95%CI 96.6-98.1), p < 0.0001. Egger's and Begg's tests excluded publication
bias with p = 0.34 and p = 0.81, respectively. Importantly, some of the selected articles
included only subjects with respiratory symptoms [25,30,34]. In those studies, average
COFD detection was higher (29.08%) than in the remaining studies (15.43).

The largest smoker populations were analyzed in two studies [29,32] that used the
portable spirometer EasyOne (NDD Medical Technologies). The Canadian study by Ma-
mary et al. [32] was conducted on the general smoker population (11 = 8872) in the primary
care sefting and reported an incidence of newly diagnosed COPD of 16.3%; 20% of the previ-
ously undetected COPD patients had been already diagnosed with asthma. A higher COPD
incidence (21.2%) was reached in the European study by Frannsen and colleagues. In this
study, a pulmonary function test was performed on patients (1 = 2730) burdened with ischemic
heart disease (IHD) attending cardiology outpatient clinics. Only patients with an established
IHD diagnosis were included, irrespective of their reported pulmonary symptoms.

The efficacy of spirometry perfomed with a portable device in COPD targeted screen-
ing was also confirmed in a study conducted in patients with severe mental disorders,
such as schizophrenia or bipolar disease [35]. Only patients without a prior lung disease
diagnosis were included. COPD was detected in almost one of four patients studied, with
the vast majority (78%) presenting with moderate or severe disease stages (GOLD II and
I). According to the study results, in most cases (85%), COPD was clinically indolent.

In two of the included studies, baseline spirometry was performed for hospitalized
smokers at bedside [33,34]. The complete COPD diagnostic process (both pre- and post-
bronchodilator spirometry) proved successful without the need to transport the patients
to a pulmonary test laboratory. Small spirometers (MicroLab and AioCare) were used
with a COPD detection rate of 27% (patients hospitalized due to productive cough and
dyspnea [25]) and 7.6% (inpatients of pulmonary and cardiclogy departments meeting the
criteria for age and smoking history [33]). Hospitalized smokers from these studies were
the oldest population tested with the use of a portable spirometer among studies included
in our review, with the average patient age above 65 years.

The other spirometry targeted screening action performed in the hospital setting
(however not among inpatients) was performed in Turkey [26]. Volunteers aged above
40 years with a smoking history of more than 10 pack-years who visited the hospital for
any reason had spirometry performed in the hospital’s garden with the use of a portable
spirometer; 17% of the participants were newly diagnosed with COPD.

The highest incidence (>30% of patients) of newly diagnosed COPD was achieved
in studies conducted in the primary care setting [25,28,30]. The studies by Kotz and col-
leagues [25] and Represas-Represas [30] enrolled only smokers with respiratory symptoms.
In the study performed in China [27], older (=50 years of age) smokers with increased
exposure to tobacco smoke (=20 py) were recruited, which could possibly result in a higher
positive COPD prevalence (38.8%). It is also not clear whether patients with previously
detected and treated COPD were excluded from the analysis.
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Figure 3. Overall diagnostic yield of spirometers in the detection of new COPD cases shown as
the weighted summary proportion (expressed as a percentage), with their 95% Cls, found in the
individual studies included in the systematic review [25-50]. The size of the square corresponds to
the size of the studied population. Section (A): publications that used portable spirometers. Section
(B): publications that used conventional spirometers. Section (C): publications that used a double-step
strategy, using a portable spirometer or a COPD-6 device for baseline spirometry and a conventional
spirometer for the postbronchodilator test.
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The youngest smokers (of at least 35 years of age) were invited to the COPD targeted
screening programs in two studies performed in Middle East countries [27,31]. Both studies
were conducted in the primary care setting with the use of handheld spirometers (Discovery
2 and FlowscreenCT). In the study by Al Lami et al., spirometry was performed only among
smokers with respiratory symptoms, which can explain the higher prevalence of newly
diagnosed COPD compared with the second above-mentioned study (16.7% vs. 6.6%).

3.3. Conventional Spirometers

We identified 11 studies that utilized conventional spirometers for conducting COPD
targeted screening actions (Group B, Table 2) [34,36,40-44].

The detection of new COPD cases among studies using conventional spirometers
ranged from 11.4% to 47.8%, with the proportion (random effects) of 23.7% (95% C1 16.8-31.4)
(Figure 3B). There was substantial heterogeneity with 12 97.5% (95% CI 96.7-98.2), p < 0.0001.
Egger's and Begg's test excluded publication bias with p = 0.17 and p = 0.31, respectively.

As anticipated, the highest incidence of newly diagnosed COPD was achieved in
studies that included only subjects presenting with respiratory symptoms [37,39,42 43]. In
two of the above studies [42,43], nearly half of the patients (47.9%) were newly diagnosed
with COPD. Both studies were performed at hospitals. The study by Su et al. [42] was
conducted in Taiwan on patients referred to hospitals from pulmonary outpatient clinics.
Relevantly, the investigated group consisted of well-selected patients with a history of a
minimum of 20 pack-years and the average age of above 70 years. In the study conducted
by Hwang et al. [43], COPD targeted screening was performed in the South Korean ter-
tiary hospitals on patients presenting with respiratory symptoms, such as dyspnea or a
productive cough.

A high rate of newly detected COPD cases (36.4%) was also achieved in the study
by Lee [39], in which a very small population of elderly patients (>75 yrs.) with a history
of a minimum of 20 pack-years was recruited. This study was performed in the primary
care setting,

Two of 11 studies, which used laboratory spirometers for COPD targeted screening
action, were conducted on a specific group of smokers—infected with HIV [38] and with
ischemic heart disease [44]. The higher incidence of newly recognized COPD cases was
achieved in the study with an inclusion criterion of a more relevant smoking history (min.
20 pack-years in the study by Makinson et al. [35] vs. 10 pack-years in the study by
Yangui et al. [44]).

In our analysis of COPD targeted screening actions utilizing conventional spirometers,
we treated the article by Sansores et al. [40] as comprising two independent studies. This
approach was applied because the study examined two distinct patient subpopulations:
individuals with respiratory symptoms and those without. By implementing more precise

inclusion criteria, the study revealed a significant increase in the incidence of newly detected
COPD cases (11.4% vs. 5.7%).

3.4. Baseline Testing with a Portable/COPD-6 Device, Confirmatory Spirometry with a
Conventional Spirometer

We found six studies in which a COPD diagnostics were performed in two steps with
the use of two different spirometer types (Table 3) [45-50]. In all of these studies, the first
step the baseline spirometry was either performed with a portable spirometer [48,50] or
with the use of a COPD-6 device [45-47,49]. Confirmatory spirometry leading to a COPD
diagnosis was performed with a conventional spirometer.

The detection of new COPD cases among studies using both types of spirometers ranged
from 1.9% to 27.8"%, with the proportion (random effects) of 14.6% (95% CI 6.4-25.3) (Figure 3C).
There was substantial heterogeneity across studies with 2 97.7% (95% CI 96.5-98.5), p < 0.0001
Egger's and Begg's test excluded publication bias with p = 0.82 and p = 0.85, respectively.

As in the previously described groups, the highest incidence of newly detected COPD
was found in the studies, which recruited patients with at least one respiratory symptom
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(27.8%) [50]. In this study, performed in the primary care setting, all eligible participants
underwent the targeted screening spirometry with the hand-held spirometer Spirobank
Smart and, regardless of its results, the confirmatory postbronchodilator spirometry with
the diagnostic spirometer.

A similar approach was applied in the study by Kim et al. [47]. Only subjects com-
plaining of respiratory symptoms were enrolled. Regardless of the result of FEV1/FEV
measured with the COPD-6 device in the primary care setting, all study participants were
then reffered for laboratory spirometry conducted in tertiary hospitals. The COPD detection
rate was 23.7%.

Also in the study by Thorn et al. [45], irrespective of the results of the initial test
performed using the COPD-6 device, all participants underwent confirmatory spirometry
with a COPD detection rate of 25.2%.

Other targeted screening methods were applied in the studies performed in Poland [45]
and in Malaysia [46]. The first study was conducted in an unusual setting. Medical
students recruited smoking passengers (min. 10 pack-years) at a railway station. A baseline
spirometry was performed with the use of a portable spirometer MicroLab 3500 (Care
Fusion). Among all participants, only those with airway obstruction were encouraged to
undergo stationary spirometry in a pulmonary department. The low incidence of newly
detected COPD patients (2.8%) was probably due to the very low response rate—only 15
out of 37 participants with airflow obstruction came forward for confirmatory spirometry.

In the study conducted in a primary care setting in Malaysia [46], an inifial test was
performed with a COPD-6 device. Only subjects with the suspicion of airflow limitation
(FEV1/FEVy < 075) were asked to return for formal spirometry testing. Similarly to
the study by Korczyrniski et al. [45], only a few participants attended a confirmatory test,
resulting in a low incidence of newly detected COPD (1.9%).

A higher rate of successful COPD targeted screening was achieved in the study by
Liang et al. [49] (17.6%), where confirmatory spirometry was performed at the same place
(general practice clinics in Australia) directly succeeding the baseline test (conducted with

a COPD-6 device).

3.5. Incidence of COPD

The incidence of newly detected COPD cases with the use of different spirometer
types is shown in Figure 4. In all groups (A—C), the incidence of newly diagnosed COFPD
cases was higher in studies in which only subjects presenting with respiratory symptoms
were included.

35%
305
25%
2066
15%
1086
5%
0%
Portable (Group A) Conventional (Group B) Screening spirometry -
portable,
confirmatory - conventional
(Group C)

m All studies u Studies only with subjects with respiratory symptoms

Figure 4. Incidence of newly detected COPD cases with the use of different spirometer types (average;
%), All studies: blue; studies that included only subjects with respiratory symptoms: orange.
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4. Discussion
4.1. Principal Findings

To our knowledge, this is the first systematic review to assess the feasibility of using
small, handheld, or pocket—sized spimmeters for COPD targe ted scneening and detection,
in addition to comparing the results of portable and conventional spirometry targeted
screening actions.

Our study shows that portable spirometric tools are slightly less efective in the COPD
targeted screening actions as traditional, laboratory spirometers. This type of spirometer
is not only useful for pre-bronchodilator testing, but can be considered a reliable tool
when performing postbronchoedilator spirometry and thus in confirming an irreversible
airflow limitation, which in smokers, is equivalent to a COPD diagnosis. In a few studies
analyzed in our systematic review, a handheld, mobﬂe—phone linked spircnmeter pn::-ved
advantageous for COPD targeted screening at the bedside of hospitalized patients not
capable of being transported to a pulmonary function testing laboratory.

According to this systematic review, diagnostic COPD spirometry is more effective
than screening asymptomatic individuals. A higher rate of COPD diagnoses was achieved
in studies that included older participants with respiratory symptoms and a history of
many pack-years.

Moreover, if a targeted screening action is to be successful, the postbronchodilator test
has to be performed on site, directly succeeding the baseline test. Among over 500 excluded
studies, the lack of a postbronchodilator test was the third cause of exclusion after not
meeting the age criterion and the lack of information about the type of spirometer.

4.2. Methodology

A precise methodology has to be established to obtain a good-quality study and
reliable evidence. Our aim was to find as many studies in which portable spirometry was
used in a COPD targeted screening action as possible. Our general approach was to search
only for studies that ended in a disease diagnosis. We are convinced that we achieved
this goal. Secondly, we aimed to make our study clear and easy to read. To achieve this,
we used a PRISMA 2020 flow diagram added as a methodology figure. Furthermore, we
rejected a significant number of studies (over 8450). It is well-known that a proper review
needs to be double-checked. Therefore, two of the authors performed the rejection process
twice separately to be sure that none of the appealing studies had been missed.

4.3. Strong Points of the Study

To our knowledge, the current study is the first systematic review to examine the
feasibility of spirometry perfomed with portable spirometers in COPD targeted screening.
It has to be emphasized that all studies included in our review led not only to the detection
of airflow limitation, but directly to a COPD diagnosis, as in all found studies a post-
bronchodilator test was p-erformed. Beyond the scientific value, the finclings of our research
have clinical importance, as we proved that with the help of a portable spirometer, a proper
COPD diagnosis can be made and an appropriate treatment can be launched. It is widely
known that treating patients with COPD, especi,a].ly in the early stages, can lead to an
improvement in their health status [10].

An additional advantage of our work is the fact that we have applied very strict
inclusion criteria. Only publications confirming persistent obstruction were considered as
indicaﬁng COPD, with the exclusion of studies where individuals with asthma were part
of the study population.

Another advantage of this systematic review is that studies from all over the world
have been selected (Figure 5). According to the results of the study, the countries of
North America and the Far East have the greatest effectiveness in diagnosing COPD in
spirometry actions.
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Figure 5. World map with countries, where studies included in this systematic review were performed
(all types of spirometers). Different colors depict the % of newly diagnosed COPD (green color: high
rate of newly detected COPD cases; red color: low rate). If in one country more than one study was
performed, the study with the highest rate of newly detected COPD cases was selected.

4.4. Potential Confounding Aspects and Limitations of the Study

This systematic review has some limitations. Although the number of records identi-
fied through the database search was considerable, the rigorous inclusion criteria to select
papers evaluating the use of a portable spirometer for the diagnosis of COPD resulted in
relatively few matching papers ultimately being included in this systematic review remain-
ing. Firstly, we excluded studies in which a postbronchodilator test was not performed. We
also excluded papers in which it was not clear what type of spirometer was used for the
COPD targeted screening action and the corresponding author of the paper did not provide
a response to our inquiry. Secondly, in two included studies from two different groups
(A and C) [28,45], it was not known if patients with previously diagnosed COPD were
excluded from the studied pnpulaﬁon. In this case, it may have led to an overstatement of
newly detected COPD cases and the effectiveness of COPD targeted screening actions.

Thirdly, despite our initial exclusion criteria of publications where individuals with
previously diagnosed asthma were part of the study population, it is possible that some
smokers with persistent obstruction were actually suffering from this condition. It is clear
that in distinguishing between COPD and asthma, clinical symptoms are important, not
just the results of additional tests, such as spirometry. Unfortunately, clinical symptoms
were not reported in all included publications, which could result in an overestimation of
COPD prevalence.

Another limitation of our study was the fact that we decided to include studies that were
not conducted with the help of a portable spirometer, but a COPD-6 device. This tool is not
capable of measuring the FEV1/FVC, but can measure an alternative FEV1/FEV6. However,
in studies included in group C, a confirmatory spirometry leading to COPD detection was
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always conducted with a confirmatory spirometer. Lastly, the included studies exhibited
significant heterogeneity. Selected publications differed, among other factors, in the criteria
used for patient selection (e.g., various questionnaires assessing patients’ symptoms). Only
a few analyzed studies assessed the quality of spirometry tests performed. Furthermore,
included studies employed different spirometry criteria for diagnosing COPD. The most
commonly used criterion was the one recommended by GOLD (FEV1/FVC < 0.70 in the
postbronchodilator test) [5], followed by <LLN [24]. The included papers also varied in terms
of the adopted technical standards for conducting spirometry tests and spirometry reference
values. Although we are aware that reference values likely varied as well, partly due to the
time span and geographic scope of the analyzed publications (2007-2021), almost none of the
cited publications provided information on this topic.

Unfortunately, not all included papers provided data on the coexistence of other
chronic diseases, such as diabetes or arterial hypertension. Only in isolated cases did the
included publications contain data on the coexistence of congestive heart failure, which
undoubtedly could have affected the results of spirometry.

The analyzed studies also do not include data on the time and quality of training of
individuals performing spirometry, both for portable spirometers, as well as conventional
ones, which could have influenced the results. According to the results of the Chinese meta-
analysis [14], the effectiveness of portable spirometers in diagnosing airway obstruction,
among other factors, depended on the proper technical execution of spirometry. As demon-
strated in previous publications [54]; the percentage of correctly performed spirometry
tests leading to the diagnosis of airway obstruction using a portable spirometer increased
with the experience of the person conducting the test and the duration of training. Future
analyses comparing the effectiveness of using portable and conventional spirometers in
diagnosing COPD should be designed in such a way that the individuals conducting the
tests are properly and uniformly trained. This will result in the achievement of reproducible
tests and likely in a higher prevalence of COPD.

4.5. Comparison with Other Studies

Our review provides the first comprehensive summary of up-to-date evidence on
the feasibility of portable spirometers for the targeted screening and, simultaneously, the
diagnosis of COPD. This systematic review included 28 articles, of which 11 concerned
COPD targeted screening with the use of portable spirometers. To compare, in their meta-
analysis, Zhou et al. [14] identified 31 studies that systematically evaluated the diagnostic
value of portable spirometers for detecting COPD. However, a different aim of this study
was chosen and a different approach was applied, as in included articles, portable devices
were used to determine airway obstruction, not necessarily a COPD diagnosis. Only in one
study [25], which was also included in our systematic review, was a post-bronchodilator test
conducted using a portable spirometer (Datospir 120, Sibelmed), which led to confirmed
COPD diagnoses in over 31% of cases. The same study [30] was also found in the systematic
review published in 2021 [55]. Also in this review, it was the only included study in which
a portable spirometer was used to perform a post-BD spirometry. The other 12 identified
articles measured the sensitivity and specificity of the portable devices (mainly COPD-6) in
diagnosing airway obstruction, which were not used to conduct the post-BD test.

4.6. Benefits of Portable Spirometers

According to the results of our systematic review, the diagnostic value of portable
spirometers for COPD targeted screening is slightly lower than that of conventional spirom-
eters. Asindicated above, this could be attributed to various factors, including significant
heterogeneity among the included publications. However, the numerous advantages of
the portable spirometer make its use in COPD testing worthy of further investigation,
preferably with consideration given to the appropriate design of the study. Important
advantages of portable spirometers include, among others, the ability to examine pa-
tients at their hospital bedside, as well as cost-effectiveness. Studies have shown that
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portable-spirometer-targeted screening is cost-saving in primary care patients presenting
with respiratory symptoms compared with questionnaire screening and no screening [56].

4.7. Minimal Standards of Portable Spirometers

A portable spirometer should meet basic standards. Although it has been demon-
strated that the FEV1/FEV6 can be regarded as a viable surrogate indicator for diagnosing
COPD [14], a portable spirometer, according to its definition, must be able to measure at
least FEV1, FVC, and FEV1/FVC. Portable spirometry also needs to be performed under
strict quality control. To achieve consistent results, it is important to emphasize proper
training for individuals conducting spirometry using portable devices. Spirometry per-
formed using these devices should adhere to applicable technical standards and current
reference norms.

5. Conclusions

Present studies suggest that portable spirometers are only slightly less efficient in diag-
nosing COPD compared to traditional spirometers. Future spirometry targeted screening
for the diagnosis of COPD, in order to increase its effectiveness, should be considered in
selected symptomatic subjects.
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9. Podsumowanie wynikow

W badaniach, ktore stanowig podstawe publikacji sktadajacych si¢ na niniejsza
rozprawg doktorska wykazano skuteczno$¢ przenosnego spirometru jako narzedzia
diagnostycznego u chorych znajdujacych si¢ w grupie ryzyka POChP.

W badaniu, w ktérym stosowano PS do wykrywania obturacji drog oddechowych w
miejscu publicznym (dworzec kolejowy) wykazano niewielka gotowos¢ osob z czynnikami
ryzyka rozwoju POChP (wywiady nikotynizmu >10 paczkolat) do uczestnictwa w publicznej
akcji spirometrycznej. Jedynie 19,6% sposrod wszystkich zaproszonych osob, ktore spetniaty
kryteria wigczenia do badania, zgodzito si¢ wzig¢ w nim udziat. Nawet w przypadku wykrycia
obturacji oskrzeli lub wyniku na dolnej granicy normy w pierwotnym badaniu
spirometrycznym wykonanym na dworcu kolejowym, jedynie 25,4% pacjentdw zgtosito si¢ na
wizyte kontrolng do stacjonarnej pracowni spirometrycznej w celu potwierdzenia wyniku.
Jednoczesnie wykazano uzyteczno$¢ wykorzystania przenosnego  spirometru  do
przeprowadzenia badania przesiewowego zorganizowanego w miejscu publicznym (dworzec
kolejowy), w czasie ktorej mozna byto wykry¢ de novo obturacje u 10,7% uczestnikow badania.

Inne badanie potwierdzito, ze zastosowanie przeno$nego spirometru umozliwia
skuteczne przeprowadzenie pelnej diagnostyki POChP bezposrednio przy t6zku chorego u
pacjentow z czynnikami ryzyka hospitalizowanych na oddziatach kardiologii i pulmonologii.
Mobilne wurzadzenie pozwolito nie tylko na wykonanie poczatkowego badania
spirometrycznego, ale réwniez na przeprowadzenie proby rozkurczowe] bez potrzeby
transportowania chorego do pracowni spirometrycznej. W grupie chorych z rozpoznaniem
POChP 28% pacjentow miato rozpoznang chorobg po raz pierwszy. Wigkszo$s¢ nowych
przypadkoéw charakteryzowala si¢ fagodnym lub umiarkowanym ograniczeniem przeptywu
powietrza. Wyniki badania sugerujg, ze taka strategia wykonywania badan spirometrycznych
moze znaczaco zwiekszy¢ wykrywalnos¢ POChP w $rodowisku szpitalnym, szczegdlnie w
grupie bylych palaczy z tagodnymi objawami choroby.

Duze, ogoélnopolskie badanie wykazato, Zze przenos$ny spirometr z mozliwoscia
automatycznej kontroli jakos$ci badan moze by¢ wykorzystany na skalg krajowa w warunkach
podstawowej opieki zdrowotnej. Sposréd wszystkich 10 936 przeprowadzonych badan
spirometrycznych, 49% spetniato kryteria akceptowalno$ci 1 powtarzalnosci wedtug
wytycznych ATS/ERS. Najczestszymi btgdami stwierdzanymi podczas badan byty kolejno:
nieuzyskanie plateau w koncowej fazie wydechu (17,7%), przekroczenie dopuszczalnej
objetosci wstecznie ektrapolowanej (ang. BEV, back extrapolated volume) (16.5%) oraz zbyt
krotki czas natezonego wydechu (ang. FET, forced expiratory time) (14.3%). Czgstos¢
wystgpowania obturacji byta cz¢stsza u mieszkancéw miast z mniej niz 40 000 mieszkancow

80



niz w duzych miastach (27,1% vs. 17,3%, p < 0.01). W publikacji przeanalizowano dane z
wczesniejszych badan dotyczacych oceny bledow spirometrycznych w  warunkach
podstawowej opieki zdrowotnej. Wykazano, ze kluczowe dla zapewnienia wysokiej jakosci
badan spirometrycznych sg takie czynniki, jak czas trwania szkolenia z zakresu spirometrii,
regularne szkolenia uzupetniajace oraz doswiadczenie instruktora. Wyniki badania sugeruja, ze
przenosne spirometry moga by¢ skutecznie wykorzystywane w podstawowej opiece
zdrowotnej. W celu poprawy jakosci badan konieczne jest wprowadzenie intensywniejszych i
regularnych szkolen dla personelu medycznego.

Przeprowadzony systematyczny przeglad piSmiennictwa pozwolil na dokonanie
rzetelnej oceny czestosci wystgpowania POChP zdiagnozowanego przy uzyciu przeno$nych
spirometréw u pacjentow z grupy wysokiego ryzyka. Ponadto, wyniki dla PS poréwnano z
danymi uzyskanymi za pomocg konwencjonalnych spirometrow. Sposrod 8496 ocenianych
publikacji ostatecznie uwzgledniono 28 artykutow, ktore spetnialy przyjete kryteria wigczenia.
Publikacje uwzglednione w przegladzie wykazywaly znaczng heterogenicznoéé. Srednia
czestos¢ wystepowania POChP przy zastosowaniu przeno$nych spirometréw wynosita 20,27%,
co bylo nieco nizszym wynikiem w pordwnaniu z tradycyjnymi spirometrami (24,67%).
Wyniki przegladu systematycznego wskazuja, ze przenosne spirometry charakteryzuja si¢
jedynie nieznacznie nizszg skutecznoscig w przesiewowym wykrywaniu POChP w poréwnaniu
z spirometrami tradycyjnymi. Tego typu urzadzenia mogg stanowi¢ wiarygodne narzedzie
diagnostyczne, umozliwiajace przeprowadzenie proby rozkurczowej 1 potwierdzenie
nieodwracalnego ograniczenia przeplywu powietrza, ktére u osob palacych jest podstawa

rozpoznania POChP.

81



10. Whioski

W oparciu o wyniki publikacji sktadajacych si¢ na niniejszg rozprawe doktorskg mozna
sformutowac nastepujace wnioski:

1. przenosne spirometry moga by¢ skutecznie wykorzystywane w proaktywnych
strategiach diagnostycznych, ukierunkowanych na wykrywanie POChP u o0s6b z grupy
wysokiego ryzyka;

2. przeno$ne spirometry moga by¢ z powodzeniem stosowane w diagnostyce POChP w
réznych warunkach klinicznych, w tym w podstawowej opiece zdrowotnej, u pacjentow
hospitalizowanych oraz w ramach badan przesiewowych prowadzonych poza placowkami
medycznymi;

3. czestos¢ wystgpowania POChP, zdiagnozowanego za pomocag przenosnego
spirometru u pacjentow z czynnikami ryzyka wynosi okoto 20% i jest jedynie nieznacznie
nizsza niz odsetek rozpoznan uzyskiwanych przy uzyciu konwencjonalnych spirometrow;

4. analiza najczgsciej popetnianych btgdow w badaniach spirometrycznych wykazata,
ze kluczowym czynnikiem wptywajacym na jako$¢ wynikoéw jest odpowiednie przygotowanie
techniczne oraz do$wiadczenie personelu medycznego. W celu poprawy precyzji pomiarow

konieczne jest wprowadzenie regularnych szkolen oraz procedur kontrolnych.

82



11. Opinia Komisji Bioetycznej

Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57 - 20 -303 ul. Zwirki i Wigury nr 61
Fax: 022/57 - 20 -165 02-091 Warszawa

e-mail: komisja.bioetyczna@wum.edu.pl
www.komisja-bioetyczna.wum.edu.pl

; \4“\7\/‘? Warszawa, dn. 01 grudnia 2015r.
fUmE \

Dr n. med. Piotr Korczynski,

Katedra i Klinika Chor6b Wewnetrznych
Pneumonologii i Alergologii ,

ul. Banacha 1a,

02-007 Warszawa

OSWIADCZENIE

Niniejszym oswiadczam, ze Komisja Bioetyczna przy Warszawskim
Uniwersytecie Medycznym w dniu 01 grudnia 2015 przyjeta do wiadomosci
informacje na temat badania pt. ,, Mozliwosci rozpoznania POChP przez

studentéw medycyny w ramach edukacyjnych i spirometrycznych akcji
ulicznych.” oraz nie zglasza zastrzezen.

Zastepca Przewodniczacej
Komisji Bioetycznej

Do O(w(\,;u@‘@

/Prof. dr hab. Barbara Gajkowska/
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Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57 - 20 -303 ul. Zwirki i Wigury nr 61
_ Fax: 022/57 - 20 -165 02-091 Warszawa
.\ .."
\87( L 809 \C,Yg) e-mail: komisja.bioetyczna@wum.edu.pl
T1 pusv www.komisja-bioetyczna.wum.edu.pl

kB3¢ 12018

Komisja Bioetyczna przy Warszawskim Uniwersytecie Medycznym
w dniu 10 grudnia 2018 r. po zapoznaniu si¢ z wnioskiem:

Dr hab. n. med. Katarzyna Goérska
Katedra i Klinika Chor6b Wewnetrznych, Pneumonologii i Alergologii
ul. Banacha 1a, 02-097 Warszawa

dotyczacym: wyrazenia opinii w sprawie badania pt :,,Zastosowanie przenosnego spirometru W
diagnostyce przewleklej obturacyjnej choroby ptuc u pacjentéw hospitalizowanych na oddziatach
internistycznych”

wyraza nastepujjca
opinig
- stwierdza, ze jest ono dopuszczalne i zgodne z zasadami naukowo-etycznymi*.

5 HE

Uwagi Komisji — verte

Komisja dziala na podstawie art.29 ustawy z dnia 5.12.1996r. 0 zawodzie lekarza /Dz.U.nr 28/97
poz.152 wraz z pézn.zm./, zarzadzenia MZiOS z dn.11.05.1999r. w sprawie szczegélowych zasad
powolywania i finansowania oraz trybu dzialania komisji bioetycznych /Dz.U.nr 47 poz.480/,
Ustawy prawo farmaceutyczne z dnia 6 wrzesnia 2001r. (Dz.U.Nr 126, poz. 1381 z pézn. zm.) oraz
Zarzadzenie nr 56/2007 z dnia 15 pazdziernika 2007r. w sprawie dzialania Komisji Bioetycznej
przy Warszawskim Uniwersytecie Medycznym /Regulamin Komisji Bioetycznej przy
Warszawskim Uniwersytecie Medycznym/.

Komisja dziala zgodnie z zasadami GCP .

W zatgczeniu: sktad komisji oraz lista obecnosci

Przewodniczgca Komisji Bioetycznej

/////ﬂu - /Q)Zv/z e

Prof. dr hab. n. med. Magdalena Kuzma-Kozakiewicz

*niepotrzebne skresli¢
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Komisja wyraza pozytywna opini¢ w sprawie przeprowadzenia wnioskowanych

badan- na warunkach okreslonych we wniosku oraz dodatkowo zastrzegajac:

1/ obowigzek przedstawienia Komisji:

- wszystkich zmian w protokole majgcych wptyw na przebieg oraz ocen¢
badania,

- wszystkich przypadkéw zdarzen niepozadanych,

- zawiadomienia o przyczynach przedwczesnego zakoriczenia badania,

- sprawozdania w toku przeprowadzonych badan-za sze$¢ miesiecy,

- raportu koncowego.
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strona podpisowa do uchwaly Komisji B}oetycznej przy Warszawskim
Uniwersytecie Medycznym nr KB/......%: 3Z.......z dnia 10 grudnia 2018r.

1. Prof. dr hab. n.med. Magdalena Kuzma —Kozakiewicz

2. Dr hab. n. med. Tomasz Grzela

3. Dr hab. n. med. Andrea Horvath-Stolarczyk
4. Prof. dr hab. n. med. Pawe! Pigtkiewicz

5. Dr hab. n. med. Marek Postuta

6. Dr hab. n. med. Marcin Ufnal

7. Dr hab. n. med. Katarzyna Kosinska-Kaczynska
8. Dr hab. n. farm. Sylwia Flis

9. Dr n. med. Agnieszka Serafin

10. Ks. Pawet Smierzchalski

11. Prof. dr hab. Maria Boratynska
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Komisja Bioetyczna
przy Warszawskim Uniwersytecie Medycznym

Tel.: 022/57 - 20 -303 ul. Zwirki i Wigury or 61
Fax: 022/57 - 20 -165 02-091 Warszawa

e-mail: komisja.bioetyczna@wum.edu.pl
www.komisja-bioetyczna.wum.edu.pl

Warszawa, dnia 14 wrze$nia 2020r.
AKBE/ /54 12020

Dr hab. n. med. Katarzyna Gérska
Katedra i Klinika Choréb Wewngtrznych,
Pneumonologii i Alergologii,

ul. Banacha 1a,02-097 Warszawa

OSWIADCZENIE

Niniejszym o$wiadczam, ze Komisja Bioetyczna przy Warszawskim Uniwersytecie
Medycznym w dniu 14 wrzesnia 2020 r. przyjeta do wiadomosci informacje na temat
badania pt.:’Ocena przydatnosci przenosnego spirometru oraz jakosci badan
spirometrycznych w warunkach podstawowej opieki zdrowotnej.” Przedstawione badanie
nie stanowi eksperymentu medycznego w rozumieniu art. 21 ust. 1 ustawy z dnia 5
grudnia 1996 r. o zawodach lekarza i lekarza dentysty(Dz.U. z 2018 r. poz. 617) i nie
wymaga uzyskania opinii Komisji Bioetycznej przy Warszawskim Uniwersytecie
Medycznym, o ktérej mowa w art. 29 ust. 1 ww. ustawy.
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12. Oswiadczenia wspolautoréw publikacji

Warszawa, 09.03.2025 r.

Lek. Piotr Jankowski

OSWIADCZENIE

Jako wspotautor pracy pt. Public spirometry campaign in chronic obstructive
pulmonary disease screening - hope or hype? (doi:10.5603/ARM.2017.0024) o$wiadczam, ze
moéj wklad merytoryczny w powstanie tej pracy obejmowat opracowanie koncepcji badania,
rekrutacje pacjentw, interpretacje wynikow badan oraz pracg nad tekstem manuskryptu. Méj
udzial procentowy w przygotowanie publikacji wynosit 30%.

Jako wspdtautor pracy pt. Active screening for COPD among hospitalized smokers - a
Seasibility study. (doi:10.1177/2040622320971111) oswiadczam, ze moj wklad merytoryczny
w powstanie tej pracy obejmowal opracowanie koncepcji badania, rekrutacje pacjentow,
analize wynikow badan oraz prace nad tekstem manuskryptu. M¢j udzial procentowy w

przygotowanie publikacji wynosit 20%.

Jako wspbtautor pracy pt. The use of a mobile spirometry with a feedback quality
assessment in primary care setting - A nationwide cross-sectional feasibility study.
(doi:10.1016/j.rmed.2021.106472) o$wiadczam, ze moéj wkiad merytoryczny w powstanie tej
pracy obejmowat opracowanie koncepcji badania, interpretacje wynikow badan oraz pracg nad

tekstem manuskryptu. M6j udziat procentowy w przygotowanie publikacji wynosit 50%.

Jako wspdlautor pracy pt. How to enhance the diagnosis of early stages of chronic
obstructive pulmonary disease (COPD)? The role of mobile spirometry in COPD screening
and diagnosis - a systematic review. (doi:10.3390/arm92020018) o$wiadczam, ze méj wklad
merytoryczny w powstanie tej pracy obejmowat opracowanie koncepcji badania, przeglad
pismiennictwa, selekcjg badan zgodnie z ustalonymi kryteriami wigczenia i wylgczenia,
analize zebranych danych oraz ich opracowanie graficzne, a takze prac¢ nad tekstem

manuskryptu. M6j udziat procentowy w przygotowanie publikacji wynosit 60%.

88




Warszawa, 21.02.2025 1.

Prof. dr hab. n. med. Rafal Krenke

OSWIADCZENIE

Jako wspotautor pracy pt. Public spirometry campaign in chronic obstructive
pulmonary disease screening - hope or hype? (doi:10. 5603/ARM.2017.0024) o$wiadczam, ze
m6j wklad merytoryczny w powstanie tej pracy obejmowat pracg nad tekstem manuskryptu

oraz merytoryczne poprawki. M6j udzial procentowy w przygotowanie publikacji wynosit 5%.

Jako wspétautor pracy pt. Active screening for COPD among hospitalized smokers - a
feasibility study. (doi:10.1177/2040622320971111) o$wiadczam, Ze moj wkiad merytoryczny
w powstanie tej pracy obejmowat analiz¢ wynikow badan, prace nad tekstem manuskryptu oraz

merytoryczne poprawki. M¢j udzial procentowy w przygotowanie publikacji wynosit 6%.

Jako wspotautor pracy pt. The use of a mobile spirometry with a feedback quality
assessment in primary care setting - A nationwide cross-sectional feasibility study.
(doi:10.1016/j.rmed.2021.106472) o$wiadczam, ze moj wkiad merytoryczny w powstanie tej
pracy obejmowal interpretacje wynikéw badan, prac¢ nad tekstem manuskryptu oraz

merytoryczne poprawki. M¢j udzial procentowy w przygotowanie publikacji wynosit 10%.

Jako wspélautor pracy pt. How to enhance the diagnosis of early stages of chronic
obstructive pulmonary disease (COPD)? The role of mobile spirometry in COPD screening
and diagnosis - a systematic review. (doi:10.3390/arm92020018) o$wiadczam, ze mdj wklad
merytoryczny w powstanie tej pracy obejmowal opracowanie koncepcji badania, analize
zebranych danych, prace nad tekstem manuskryptu oraz merytoryczne poprawki. M¢j udzial

procentowy w przygotowanie publikacji wynosit 10%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w prac jako czgsci rozprawy

doktorskiej lek. Piotra Jankowskiego.

(podpis oSwiadczajgcego)
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Warszawa, 21.02.2025 r.

Dr hab. n. med. Katarzyna Goérska

OSWIADCZENIE

Jako wspélautorka pracy pt. Public spirometry campaign in chronic obstructive
pulmonary disease screening - hope or hype? (doi:10.5603/ARM.2017.0024) oswiadczam, ze
moj wkiad merytoryczny w powstanie tej pracy obejmowal opracowanie koncepcji badania,
interpretacje wynikow badan oraz prace nad tekstem manuskryptu. Méj udzial procentowy w

przygotowanie publikacji wynosit 23%.

Jako wspotautorka pracy pt. Active screening for COPD among hospitalized smokers
- a feasibility study. (doi:10.1177/2040622320971111) o$wiadczam, ze méj wklad
merytoryczny w powstanie tej pracy obejmowal opracowanie koncepcji badania, analize
wynikow badan, prace nad tekstem manuskryptu oraz merytoryczne poprawki. M6j udziat

procentowy w przygotowanie publikacji wynosit 15%.

Jako wspétautorka pracy pt. The use of a mobile spirometry with a feedback quality
assessment in primary care setting - A nationwide cross-sectional feasibility study.
(doi:10.1016/j.rmed.2021.106472) oswiadczam, ze méj wkiad merytoryczny w powstanie tej
pracy obejmowal opracowanie koncepcji badania, interpretacje wynikéw badan, prace nad
tekstem manuskryptu oraz merytoryczne poprawki. Méj udzial procentowy w przygotowanie

publikacji wynosit 12,5%.

Jako wspétautorka pracy pt. How to enhance the diagnosis of early stages of chronic
obstructive pulmonary disease (COPD)? The role of mobile spirometry in COPD screening
and diagnosis - a systematic review. (doi:10.3390/arm92020018) oswiadczam, ze mdj wkiad
merytoryczny w powstanie tej pracy obejmowat opracowanie koncepcji badania, interpretacije
wynikow badan oraz pracg nad tekstem manuskryptu. M6j udziat procentowy w przygotowanie
publikacji wynosit 15%.

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w prac jako czedci rozprawy

doktorskiej lek. Piotra Jankowskiego.

(podpis oswiadczajgcego)
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Warszawa, 21.02.2025 r.
Dr hab. n. med. Piotr Korczynski

OSWIADCZENIE

Jako wspotautor pracy pt. Public spirometry campaign in chronic obstructive
pulmonary disease screening - hope or hype? (doi:10.5603/ARM.2017.0024) oswiadczam, ze
mo6j wklad merytoryczny w powstanie tej pracy obejmowal opracowanie koncepcji badania,
pracg nad tekstem manuskryptu oraz merytoryczne poprawki. M6j udzial procentowy w
przygotowanie publikacji wynosit 25%.

Jako wspdlautor pracy pt. Active screening for COPD among hospitalized smokers - a
Seasibility study. (doi:10.1177/2040622320971111) oswiadczam, ze moéj wkiad merytoryczny
W powstanie tej pracy obejmowat opracowanie koncepcji badania, analize wynikéw badan,
pracg nad tekstem manuskryptu oraz merytoryczne poprawki. M¢j udzial procentowy w

przygotowanie publikacji wynosit 10%.

Jako wspotautor pracy pt. The use of a mobile spirometry with a feedback quality
assessment in primary care setting - A nationwide cross-sectional feasibility study.
(doi:10.1016/j.rmed.2021.106472) o$wiadczam, ze m6j wkiad merytoryczny w powstanie tej
pracy obejmowal interpretacj¢ wynikéw badan, pracg nad tekstem manuskryptu oraz

merytoryczne poprawki. Moj udzial procentowy w przygotowanie publikacji wynosit 12,5%.

Jako wspélautor pracy pt. How to enhance the diagnosis of early stages of chronic
obstructive pulmonary disease (COPD)? The role of mobile spirometry in COPD screening
and diagnosis - a systematic review. (doi:10.3390/arm92020018) o$wiadczam, ze méj wklad
merytoryczny W powstanie tej pracy obejmowat opracowanie koncepcji badania, interpretacje
wynikéw badan, prac¢ nad tekstem manuskryptu oraz merytoryczne poprawki. Méj udzial

procentowy w przygotowanie publikacji wynosit 10%.

Jednoczednie wyrazam zgod¢ na wykorzystanie w/w prac jako czesci rozprawy

[ foeeeer

(podpis oswiadczajgcego)

doktorskiej lek. Piotra Jankowskiego.
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Warszawa, 21.02.2025 r.
Lek. Katarzyna Mycroft-Rzeszotarska
OSWIADCZENIE

Jako wspotautorka pracy pt. Active screening for COPD among hospitalized smokers
- a feasibility study. (doi:10.1177/2040622320971111) o$wiadczam, ze moj wklad
merytoryczny w powstanie tej pracy obejmowatl opracowanie koncepcji badania, rekrutacje
pacjentéw, analiz¢ wynikéw badan oraz prace nad tekstem manuskryptu. Méj udziat

procentowy w przygotowanie publikacji wynosit 20%.

Jako wspotautorka pracy pt. The use of a mobile spirometry with a feedback quality
assessment in primary care setting - A nationwide cross-sectional feasibility study.
(doi:10.1016/j.rmed.2021.106472) o$wiadczam, ze moj wklad merytoryczny w powstanie tej
pracy obejmowal interpretacje wynikow badan oraz prace nad tekstem manuskryptu. Moj

udzial procentowy w przygotowanie publikacji wynosit 5%.

Jako wspotautorka pracy pt. How to enhance the diagnosis of early stages of chronic
obstructive pulmonary disease (COPD)? The role of mobile spirometry in COPD screening
and diagnosis - a systematic review. (doi:10.3390/arm92020018) oswiadczam, ze moj wkiad
merytoryczny w powstanie tej pracy obejmowal przeglad pismiennictwa, selekcje badan
zgodnie z ustalonymi kryteriami wiaczenia i wylaczenia oraz analize zebranych danych. M¢j

udzial procentowy w przygotowanie publikacji wynosit 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w prac jako czesci rozprawy

doktorskiej lek. Piotra Jankowskiego.

X

1
......... SEEEEE S O Rk L
/

(pocéﬁs oSwiadczajgcego)
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Warszawa, 22.02.2025 r.

Prof. dr hab. n. med. Lukasz Koltowski

OSWIADCZENIE

Jako wspotautor pracy pt. Active screening for COPD among hospitalized smokers
- a feasibility study. (doi:10.1177/2040622320971111) o$wiadczam, ze mdj wklad
merytoryczny w powstanie tej pracy obejmowal opracowanie koncepcji badania oraz

merytoryczne poprawki. Moj udzial procentowy w przygotowanie publikacji wynosit 5%.

Jako wspotautor pracy pt. The use of a mobile spirometry with a feedback quality
assessment in primary care setting - A nationwide cross-sectional feasibility study.
(doi:10.1016/j.rmed.2021.106472) oswiadczam, ze mo6j wktad merytoryczny w powstanie
tej pracy obejmowal opracowanie koncepcji badania. Mo6j udzial procentowy w

przygotowanie publikacji wynosit 3%.

Jednocze$nie wyrazam zgode na wykorzystanie w/w prac jako cze$ci rozprawy

doktorskiej lek. Piotra Jankowskiego.

Digitally signed by
: Lukasz Nikodem
slev Kottowski
AT Date: 2025.02.22
< 11:37:26 CET

(podpis oswiadczajgcego)
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Warszawa, 25.02.2025 r.

Dr nauk fizycznych inz. Mateusz Solinski

OSWIADCZENIE

Jako wspotautor pracy pt. The use of a mobile spirometry with a feedback quality
assessment in primary care setting - A nationwide cross-sectional feasibility study.
(doi:10.1016/j.rmed.2021.106472) oswiadczam, ze moj wktad merytoryczny w powstanie
tej pracy obejmowal przeprowadzenie analizy statystycznej oraz opracowanie grafik
ilustrujacych wyniki badan. M6j udziat procentowy w przygotowanie publikacji wynosit

7%.

Jednocze$nie wyrazam zgode na wykorzystanie w/w prac jako cze$ci rozprawy

doktorskiej lek. Piotra Jankowskiego.

MATEUSZ
SOLINSKI

2502
okurm
podpist

5:44 [GMT+1

sany elektronicznie

(podpis oswiadczajgcego)
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Warszawa, 16.02.2025 r.

Lek. Jakub Kosinski

OSWIADCZENIE

Jako wspotautor pracy pt. Public spirometry campaign in chronic obstructive
pulmonary disease screening - hope or hype? (doi:10.5603/ARM.2017.0024) oswiadczam,
ze mdj wklad merytoryczny w powstanie tej pracy obejmowat rekrutacj¢ chorych oraz prace

nad tekstem manuskryptu. Mdj udzial procentowy w przygotowanie publikacji wynosit 5%.

Jednocze$nie wyrazam zgodg na wykorzystanie w/w prac jako czgsci rozprawy
doktorskiej lek. Piotra Jankowskiego. .

podpis oswiadczajgcego)
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Warszawa, 16.02.2025 r.

Lek. Agata Kudas

OSWIADCZENIE

Jako wspotautorka pracy pt. Public spirometry campaign in chronic obstructive
pulmonary disease screening - hope or hype? (doi:10.5603/ARM.2017.0024) o$wiadczam,
ze mo6j wklad merytoryczny w powstanie tej pracy obejmowat rekrutacj¢ chorych. M6j udziat
procentowy w przygotowanie publikacji wynosit 4%.

Jednoczes$nie wyrazam zgodg na wykorzystanie w/w prac jako czgsci rozprawy
doktorskiej lek. Piotra Jankowskiego.

..... i WW

(podpis oswiadczajgcego)
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Warszawa, 28.02.2025 1.

Lek. Katarzyna Sutek

OSWIADCZENIE

Jako wspotautorka pracy pt. Public spirometry campaign in chronic obstructive
pulmonary disease screening - hope or hype? (doi:10.5603/ARM.2017.0024) oSwiadczam,
ze moj wklad merytoryczny w powstanie tej pracy obejmowat rekrutacj¢ chorych. M6j udzial
procentowy w przygotowanie publikacji wynosit 3%.

Jednocze$nie wyrazam zgode na wykorzystanie w/w prac jako czgsci rozprawy
doktorskiej lek. Piotra Jankowskiego.

o .

@(QI-Z(\A ...
(podpis oswiadczajgcego)
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Warszawa, 16.02.2025r.

Lek. Maria Jankowska

OSWIADCZENIE

Jako wspolautorka pracy pt. Public spirometry campaign in chronic obstructive
pulmonary disease screening - hope or hype? (doi:10.5603/ARM.201 7.0024) o$wiadczam,
ze moj wkiad merytoryczny w powstanie tej pracy obejmowat rekrutacj¢ chorych. Méj udziat
procentowy w przygotowanie publikacji wynosit 2%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w prac Jjako czgsci rozprawy
doktorskiej lek. Piotra Jankowskiego.

................................

(podpis gswiadczajgeego)
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Warszawa, 16.02.2025 r.

Lek. Kaja Jaskiewicz

OSWIADCZENIE

Jako wspotautorka pracy pt. Public spirometry campaign in chronic obstructive
pulmonary disease screening - hope or hype? (doi:10.5603/ARM.2017.0024) o$wiadczam,
ze m6j wklad merytoryczny w powstanie tej pracy obejmowatl rekrutacje¢ chorych. Moj udziat

procentowy w przygotowanie publikacji wynosit 3%.

Jednocze$nie wyrazam zgode¢ na wykorzystanie w/w prac jako czgséci rozprawy
doktorskiej lek. Piotra Jankowskiego.

(podpis oswiadczajgcego)
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Warszawa, 21.02.2025 r.

Lek. Mikolaj Kutka

OSWIADCZENIE

Jako wspotautor pracy pt. Active screening for COPD among hospitalized smokers -
a feasibility study. (doi:10.1177/2040622320971111) os$wiadczam, ze mo] wkiad
merytoryczny w powstanie tej pracy obejmowal opracowanie narzedzi umozliwiajgcych
zbieranie danych od pacjentéw, w tym zaprojektowanie kwestionariuszy oraz przygotowanie

platformy cyfrowej. M6j udziat procentowy w przygotowanie publikacji wynosit 10%.

Jednocze$nie wyrazam zgodg na wykorzystanie w/w prac jako czesci rozprawy

doktorskiej lek. Piotra Jankowskiego.
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merytoryczny w powstanie tej pracy obejmowat rekrutacje pacjentéw. M6j udziat procentowy

w przygotowanie publikacji wynosit 3%.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w prac jako czesci rozprawy doktorskiej
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merytoryczny w powstanie tej pracy obejmowal rekrutacj¢ pacjentow. M6j udziat procentowy

w przygotowanie publikacji wynosit 3%.
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Jako wspotautorka pracy pt. Active screening for COPD among hospitalized smokers
- a feasibility study. (doi:10.1177/2040622320971111) os$wiadczam, ze modj wkiad
merytoryczny w powstanie tej pracy obejmowat rekrutacjg pacjentow. M6j udziat procentowy

w przygotowanie publikacji wynosit 3%.

Jednoczesénie wyrazam zgode na wykorzystanie w/w prac jako czgsci rozprawy
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Jako wspotautor pracy pt. Active screening for COPD among hospitalized smokers - a
Seasibility study. (doi:10.1177/204062232097111 1) o$wiadczam, ze mdj wkiad merytoryczny

W powstanie tej pracy obejmowat opracowanie koncepcji badania oraz merytoryczne poprawki.

MGj udziat procentowy w przygotowanie publikacji wynosit 2%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w prac jako czesci rozprawy
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105



13. PiSmiennictwo

1.

10.
11.

12.

13.

14.

15.

16.

Kouri A, Dandurand RJ, Usmani OS, Chow CW. Exploring the 175-year history of
spirometry and the vital lessons it can teach us today. Eur Respir Rev.
2021;30(162):210081.

Hutchinson J. On the capacity of the lungs and on the respiratory functions, with a view
of establishing a precise and easy method of detecting disease by the spirometer. Med
Chir Trans. 1846;29:137-252.

Tiffeneau R, Pinelli A. Air circulant et air captif. Paris Med. 1947;37:624-628.
Kowalski J, Radwan L. Diagnostyka czynno$ciowa pluc w Polsce — rys historyczny.
Pneumonol Alergol Pol. 2009;77:487-493.

Morris JF, Koski A, Johnson LC. Spirometric standards for healthy nonsmoking adults.
Am Rev Respir Dis. 1971;103:57-67.

Renzetti AD. Standardization of Spirometry. Am Rev Respir Dis. 1979;119:693-694.
Miller MR, Hankinson J, Brusasco V, et al. Standardisation of spirometry. Eur Respir
J. 2005;26:319-338.

Graham BL, Steenbruggen I, Miller MR, et al. Standardization of spirometry 2019
update. An official American Thoracic Society and European Respiratory Society
technical statement. Am J Respir Crit Care Med. 2019;200:e70—e88.

Quanjer P. Standardized lung function testing. Bull Eur Physiopath Resp. 1983;19(suppl
5):1-95.

Laszlo G. Standardised lung function testing. Thorax. 1984;39:881-886.

Roca J, Burgos F, Sunyer J, et al. References values for forced spirometry. Eur Respir
J. 1998;11:1354-1362.

Degens P, Merget R. Reference values for spirometry of the European Coal and Steel
Community: time for change. Eur Respir J. 2008;31:687-688.

Pellegrino R. Interpretative strategies for lung function tests. Eur Respir J.
2005;26:948-968.

Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference values for spirometry
for the 3-95-yr age range: the global lung function 2012 equations. Eur Respir J.
2012;40:1324-1343.

Rebuck DA, Hanania NA, D'Urzo AD, et al. The accuracy of a handheld portable
spirometer. Chest. 1996;109:152-157.

Ferguson GT, Enright PL, Buist AS, Higgins MW. Office spirometry for lung health
assessment in adults: A consensus statement from the National Lung Health Education

Program. Chest. 2000;117:1146-1161.

106



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

Bolton CE, lonescu AA, Edwards PH, et al. Attaining a correct diagnosis of COPD in
general practice. Respir Med. 2005;99:493-500.

Johns DP, Burton D, Walters JAE, et al. National survey of spirometer ownership and
usage in general practice in Australia. Respirology. 2006;11:292—-298.

Exarchos KP, Gogali A, Sioutkou A, et al. Validation of the portable Bluetooth® Air
Next spirometer in patients with different respiratory diseases. Respir Res.
2020;21(1):79.

Das N, Topalovic M, Janssens W. Artificial intelligence in diagnosis of obstructive lung
disease: current status and future potential. Curr Opin Pulm Med. 2018;24:117-123.
Kottowski 1., Basza M, Bojanowicz W, et al. Remotely supervised spirometry versus
laboratory-based spirometry during the COVID-19 pandemic: a retrospective analysis.
Respir Res. 2024;25(1):39.

Xiao S, Wu F, Wang Z, et al. Validity of a portable spirometer in the communities of
China. BMC Pulm Med. 2022;22(1):80.

Boros PW, Maciejewski A, Nowicki MM, Wesotowski S. Comparability of portable
and desktop spirometry: A randomized, parallel assignment, open-label clinical trial.
Adv Respir Med. 2022;90:60-67.

Swiatowa Organizacja Zdrowia (WHO). Astma. https://www.who.int/news-room/fact-
sheets/detail/asthma. (dostep 3 stycznia 2025 r.)

Bostantzoglou C, Louis R, et al. Clinical asthma phenotypes in the real world:
opportunities and challenges. Breathe. 2015;11(3):186-193.

Global Initiative for Asthma (GINA). Global Strategy for Asthma Management and
Prevention. Aktualizacja 2024. https://ginasthma.org/reports/. (dostgp 3 stycznia 2025
r.)

Louis R, et al. European Respiratory Society guidelines for the diagnosis of asthma in
adults. Eur Respir J. 2022;60(3):2101585.

Aaron SD, Vandemheen KL, Boulet LP, et al. Reevaluation of diagnosis in adults with
physician-diagnosed asthma. JAMA. 2017;317:269-279.

Aaron SD, Boulet LP, Reddel HK, Gershon AS. Underdiagnosis and overdiagnosis of
asthma. Am J Respir Crit Care Med. 2018;198(8):1012-1020.

Korczynski P, Basza M, Gorska K, et al. 30-day spirometry holter method design and
prospective observational study. Sci Rep. 2024;14(1):26204.

Bindler R, Haverkamp HC, O'Flanagan H, et al. Feasibility and acceptability of home
monitoring with portable spirometry in young adults with asthma. J Asthma.
2023:60(7):1474-1479.

107



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Kupczyk M, Hofman A, Kottowski L, et al. Home self-monitoring in patients with
asthma using a mobile spirometry system. J Asthma. 2021;58(4):505-511.

Adeloye D, Song P, Zhu Y, et al. Global, regional, and national prevalence of, and risk
factors for, chronic obstructive pulmonary disease (COPD) in 2019: A systematic
review and modelling analysis. Lancet Respir Med. 2022;10:447—458.

Bednarek M, Maciejewski J, Wozniak M, et al. Prevalence, severity and underdiagnosis
of COPD in the primary care setting. Thorax. 2008;63:402—407.

Swiatowa Organizacja Zdrowia (WHO). Przewlekla obturacyjna choroba ptuc
(POChP). Aktualizacja: 6 listopada 2024 r. https://www.who.int/news-room/fact-
sheets/detail/chronic-obstructive-pulmonary-disease-(copd) (dostgp: 3 stycznia 2025
r.).

Global Initiative for Chronic Obstructive Lung Disease (GOLD). Globalna strategia
diagnostyki, leczenia i prewencji przewlektej obturacyjnej choroby ptuc: aktualizacja
2024. https://www.goldcopd.org (dostep: 4 stycznia 2025 r.).

Fu SN, Yu WC, Wong CK, et al. Prevalence of undiagnosed airflow obstruction among
people with a history of smoking in a primary care setting. Int J Chron Obstruct Pulmon
Dis. 2016;11:2391-2399.

Shipman C, White S, Gysels M, White P. Access to care in advanced COPD: Factors
that influence contact with general practice services. Prim Care Respir J. 2009;18:273—
278.

Wedzicha JA, Brill SE, Allinson JP, Donaldson GC. Mechanisms and impact of the
frequent exacerbator phenotype in chronic obstructive pulmonary disease. BMC Med.
2013;11:181.

Lin CH, Cheng SL, Wang HC, et al. Novel app-based portable spirometer for the early
detection of COPD. Diagnostics (Basel). 2021;11(5):785.

US Preventive Services Task Force (USPSTF), Siu AL, Bibbins-Domingo K, et al.
Screening for chronic obstructive pulmonary disease: US Preventive Services Task
Force Recommendation Statement. JAMA. 2016;315:1372-1377.

Yawn BP, Martinez FJ. POINT: Can screening for COPD improve outcomes? Yes.
Chest. 2020;157:7-9.

Martinez FJ, O'Connor GT. Screening, case-finding, and outcomes for adults with
unrecognized COPD. JAMA. 2016;315:1343-4.

Hatziagorou E, Sopiadou A, Kogias C, et al. Feasibility of telehealth spirometry for
patients with cystic fibrosis in a regional setting. Eur Respir J. 2022;60(suppl S66):2628.

108



45.

46.

47.

48.

49.

50.

51.

52.

Berlinski A, Leisenring P, Willis L, King S. Home spirometry in children with cystic
fibrosis. Bioengineering. 2023;10:242.

Wijbenga N, Hoek RAS, Mathot BJ, et al. Evaluation of a home monitoring application
for follow up after lung transplantation—A pilot study. J Pers Med. 2020;10:240.

Ili¢ M, Javorac J, Milenkovi¢ A, et al. Home-based spirometry in patients with
interstitial lung diseases: A real-life pilot "FACT" study from Serbia. J Pers Med.
2023;13(5):793.

Maher TM, Corte TJ, Fischer A, et al. Pirfenidone in patients with unclassifiable
progressive fibrosing interstitial lung disease: a double-blind, randomised, placebo-
controlled, phase 2 trial. Lancet Respir Med. 2020;8(2):147-157.

Bjertuft O, Johansen B, Boe J, et al. Daily home spirometry facilitates early detection
of rejection in single lung transplant recipients with emphysema. Eur Respir J.
1993;6(5):705-708.

Morlion B, Knoop C, Paiva M, Estenne M. Internet-based home monitoring of
pulmonary function after lung transplantation. Am J Respir Crit Care Med.
2002;165(5):694-697.

Cheng GS, Campbell AP, Xie H, et al. Correlation and agreement of handheld
spirometry with laboratory spirometry in allogeneic hematopoietic cell transplant
recipients. Biol Blood Marrow Transplant. 2016;22(5):925-931.

Williams KM, Cheng GS, Pusic I, et al. FAM therapy treatment for new onset
bronchiolitis obliterans syndrome after hematopoietic cell transplantation. Biol Blood
Marrow Transplant.2016;22(4):710-716.

109



