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1. POPIS OZNAKA I KRATICA

MARKO: MArkeri Ranog otkrivanja KOPB-a

KOPB: Kroni¢na opstruktivna pluéna bolest

PKY': Broj godina pusenja (cigareta dnevno x godine puSackog staza/20)

GOLD (Global Initiative for Chronic Obstructive Lung Disease): Globalna inicijativa za KOPB

SGRQ (St. George's Respiratory Questionnaire): St. George respiratorni upitnik za procjenu

kvalitete Zivota

CAT (COPD Assessment Test): Upitnik procjene kontrole KOPB-a

FVC: Forsirani vitalni kapacitet

FEV: Forsirani izdahnuti volumen u prvoj sekundi

FEVs: Forsirani izdahnuti volumen tijekom prvih 6 sekundi

EBT (Exhaled Breath Temperature): Temperatura izdahnutog zraka

ERS (European Respiratory Society): Europsko respiratorno drustvo

ATS (American Thoracic Society): Americko torakalno drustvo

mMRC (Modified Medical Research Council Dyspnea Scale): Modificirana ljestvica zaduhe Vije¢a

za medicinska istraZivanja

AUC (Area Under the Curve): PovrSina pod krivuljom

LLN (Lower Limit of Normal): Donja granica referentnih vrijednosti

CI (Confidence Interval): Interval pouzdanosti

PRISm (Preserved Ratio Impaired Spirometry): Spirometrijski poremecaj s o€uvanim omjerom
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2.1.UVOD

Kroni¢na opstruktivna pluéna bolest (KOPB) jedan je od glavnih uzroka pobolijevanja i smrtnosti u
svijetu 1 zahvaca oko jedne desetine odrasle (ili 1/20 svjetske) populacije, oko 400 milijuna ljudi (1).
Kao uzrok smrti nalazi se na treCem mjestu uz tendenciju daljeg porasta u slijede¢em desetljecu (2).
Svjetska zdravstvena organizacija definira problem rane dijagnostike i lijecenja KOPB-a kao jednu

od znacajnih otvorenih potreba zdravstvenog sustava (3).

Mortalitet od KOPB-a je nizak u mladoj Zivotnoj dobi do 45. godina starosti, ali naglo raste nakon
65-te godine (4). Tezina bolesti, akutna pogorSanja (egzacerbacije) te ucestali komorbiditeti imaju
znacajan ekonomski 1 javno-zdravstveni utjecaj. Najznacajniji ¢cimbenik rizika za nastanak KOPB-a
je pusenje, ali samo oko 1/3 pusaca razvije KOPB tijekom zivota. Zbog svojeg progresivnog tijeka,
KOPB dovodi do rane pojave invalidnosti i skra¢enja zivotnog vijeka. Zaustavljanje ili usporavanje

pogorsanja KOPB-a je jos uvijek neispunjena potreba zdravstvenog sustava (2).

KOPB je heterogena bolest koja se sastoji od kombinacije razli€itih patofizioloskih procesa ¢iji udio
se razlikuje od bolesnika do bolesnika. Medu njima su najznacajniji: ometeni razvoj pluéa u
djetinjstvu i mladosti (5,6), kumulativno oste¢enje pluca izazvano duhanskim dimom te zagadenjem

zraka (u ku¢i, na radnom mjestu i u okoliSu), respiratorne infekcije te remodeliranje pluca (7).

Iako postoje mjere lijeCenja koje mogu usporiti progresiju KOPB-a, od kojih je najznacajnija
prestanak pusSenja, studije pokazuju da su one znacajno ucinkovitije ukoliko se po¢nu provoditi u
ranoj fazi bolesti (8,9,10,11,12). Rano postavljanje dijagnoze i/ili otkrivanje ,rizicnih* pusaca (one
1/3 koja ¢e razviti KOPB) bi moglo omoguditi raniju intervenciju i dovesti do bitno boljih ishoda
lijecenja u vidu usporenja pogorSanja pluéne funkcije, poboljSanja kvalitete Zivota, podnoSenja

napora 1 smanjenja teZine 1 ucestalosti egzacerbacija.

Problem ranog otkrivanja KOPB-a je u tome da puSaci ¢esto svoje tegobe (kaSalj/iskasljaj/zaduha)
povezuju s puSenjem, a ne sa samom bolesti 1 kasno se zbog tih tegoba javljaju lije¢niku te se
dijagnoza postavlja u uznapredovanoj fazi KOPB-a. Osim navedenog, pocetkom bolesti plu¢na
funkcija mjerena spirometrijom ¢esto nije poremecena jer je referentni interval razmjerno Sirok. Time
se dijagnoza postavlja kad vec¢ postoji klinicki znacajno ireverzibilno oSte¢enje pluéne funkcije. Kako
bi se rezultati lijeCenja poboljsali, bilo bi potrebno uspostaviti probir u rizi€noj populaciji koji bi

doveo do ranijeg otkrivanja KOPB-a, a samim time 1 do ranijeg zapocCinjanja lijecenja (13,14,15).



Trenutno je jedini dijagnosti¢ki postupak koji je primjeren ranom otkrivanju KOPB-a spirometrija
koja je ujedno i zlatni standard pri postavljanju dijagnoze (16,17). Aktualne smjernice za dijagnostiku
i lijecenje KOPB-a ne preporucuju masovni probir opée populacije ve¢ zagovaraju rano otkrivanje
oboljelih u rizi¢noj skupini (rano pronalazenje oboljelih). Vazno je naglasiti da loSija spirometrija
bez znakova bolesti ne predstavlja KOPB. Zbog toga se trenutno bolest kod vecine bolesnika
dijagnosticira u kasnijoj fazi bolesti kada se bolesnik javlja lije¢niku zbog uznapredovanih tegoba.
Kako se radi o kroni¢noj progresivnoj bolesti, u toj fazi je cilj lijeCenja usporiti pogorsanje bolesti i
ne moze se vise posti¢i oporavak izgubljene pluéne funkcije. Zbog navedenog se sve vise inzistira na
terminima Pre-KOPB-a (simptomatske osobe bez detektabilnih strukturalnih promjena pluca ili
opstrukcije diSnih putova) i PRISm (spirometrijski poremecaj s ouvanim omjerom) kod kojih je
doslo do snizenja FEV1 (forsirani izdahnuti volumen u prvoj sekundi), ali bez redukcije omjera
FEV1/FVC (forsirani vitalni kapacitet) ispod 70%. Ti se pojmovi uvode zbog naglaska na znacaju
ranih promjena u razvoju KOPB-a i insistira se na provodenju prospektivnih studija na tim

populacijama (2).

Mali disni putovi su cini se ishodiSte bolesti i zahvaceni su u samom pocetku bolesti, ali
dijagnosticiranje njihovog oste¢enja nije mogucée standardnom spirometrijom zbog njezine niske
osjetljivosti za mjerenje navedenih promjena. Zbog toga nedostaju podaci o tijeku bolesti kod ranih
osteCenja kao 1 o moguéim terapijskim postupcima njihovog zbrinjavanja. Takoder nema
prospektivnih ispitivanja razvoja oste¢enja malih diSnih putova, emfizema i bronhiti¢nih promjena
tijekom vremena kao niti utjecaja terapijskih postupaka na njihovu dinamiku jer je potrebno
obuhvatiti veliki broj rizicnih pojedinaca te koristiti za pra¢enje kompleksne te ¢esto i invazivne i

skupe metode (kompjutorizirana tomografija pluca visoke rezolucije).

Projekt MARKO je definiran na temelju navedenih postavki i predstavlja prospektivno istraZivanje s

ciljem identificiranja osoba iz skupine rizi¢nih pusaca kod kojih ¢e se tijekom vremena razviti KOPB.

Respiracijski simptomi javljaju se kod preko 50% pusaca kod kojih se spirometrijski jo§ ne moze
postaviti dijagnoza KOPB-a. Stupanj tih tegoba se moZze kvantificirati odgovaraju¢im strukturiranim
upitnicima. U naSem ispitivanju smo koristili novo konstruirani upitnik temeljen na kvaliteti Zivota
povezanoj sa zdravljem (HRQoL, od engl. health related quality of life).(18) Pracenje bolesnika s
pozitivnim odgovorom na pitanja iz upitnika koja bi se pokazala povezanima s progresijom
pogorsanja pluéne funkcije i time definirati bolesnike kod kojih bi se ranom intervencijom moglo

prevenirati ili odgoditi razvoj KOPB-a.



Postavlja se pitanje mogucénosti otkrivanja pocetnih patofizioloskih procesa u podlozi ostecenja pluca
prije nego nastane nepovratno ostecenje pluca (19,20,21,22). Neinvazivno mjerenje temperature
izdaha pokazalo je potencijal u mjerenju podlezeceg upalnog procesa u razliCitim respiratornim
bolestima (astma, KOPB, karcinomi bronha). Kako se u podlozi KOPB-a nalazi kroni¢na upalna
reakcija na udisanje Stetnih ¢imbenika kao Sto je duhanski dim, mjerenje temperature izdahnutog
zraka i razlike nakon udisanja duhanskog dima moglo bi ukazati na one pusace kod kojih postoji

aktivna upalna reakcija i predvidjeti nastanak oStecenja plu¢a ukoliko nastave s pusenjem (23).

Novija istrazivanja upucuju na genetsku podlogu razlike u osjetljivosti pojedinaca na Stetne ucinke
pusenja, ali ti rezultati nisu potvrdeni prospektivnim istrazivanjima (20). U nasem projektu su uzeti
uzorci bioloskog materijala (krvi) i pohranjeni za naknadnu analizu prema kasnije definiranim

kohortama prema nastanku oStec¢enja pluéne funkcije 1 razvoju KOPB-a.



2.1.1. CILJEVI ISTRAZIVANJA

Pojava tegoba i smanjenja kvalitete Zivota puSaca Cesto prethodi nastanku KOPB-a. Navedeno bi se
moglo iskoristiti za rano otkrivanje bolesnika prije nego dode do nepovratnog ostecenja pluéne
funkcije, ali ne postoje podaci koji bi definirali kako provesti navedeno. Kako je broj rizi¢nih osoba
za razvoj bolesti izuzetno velik (>1,5 milijardi), a samo 1/3 razvije KOPB tijekom svog Zivotnog
vijeka nije moguce koristiti kompleksne i skupe metode ranog otkrivanja. Stoga su u svakodnevnoj
praksi potrebni jednostavni alati pomocu kojih bi mogli rano postaviti sumnju na pocetak KOPB-a
kod pojedinog pusSaca i usmjeriti tako otkrivene bolesnike u rani dijagnosticki postupak i lijecenje.
Na temelju navedenih pretpostavki, mogucénosti ranog otkrivanja rizicnih puSaca i znacajno boljeg
uspjeha ranog lijecenja u navedenoj skupini, odlucili smo razviti novi alat koji bi se mogao koristiti
sam ili u sklopu drugih bioloskih biljega i testirati ga u populaciji rizi¢nih pusaca ili biv§ih pusaca
kod kojih postoji znacajna izloZenost Stetnim ucincima pusenja (u naSem istrazivanju definiranih kao
izlozenost od >20 pky i dobi od 40-65 godina), a ne zadovoljavaju kriterije za postavljanje dijagnoze
KOPB-a. Ovaj alat bi trebao biti primjenljiv na globalnoj razini, jeftin, jednostavan, lako provediv, s
umjerenim do visokim stupnjem osjetljivosti i visokom specifi¢nosti. Kako su dostupni upitnici za
procjenu kvalitete Zivota oboljelih od KOPB-a komplicirani i nisu razvijeni u cilju ranog otkrivanja
bolesti, mi smo na temelju vlastitih iskustava 1 podataka iz literature razvili jednostavan upitnik
usmjeren prema ranom otkrivanju promjena povezanih s KOPB-om. U cilju definiranja, razvoja i
provjere navedenog upitnika pokrenut je projekt MARKO (MArkeri Rane dijagnostike bolesti u
ispitanika rizi¢nih za razvoj KOPB-a). Primarni cilj istrazivanja je razvoj novodizajniranog MARKO
upitnika i procjena njegove upotrebljivosti u ranom otkrivanju pojedinaca kod kojih postoji povecan
rizik nastanka KOPB-a. Sekundarni ciljevi istraZivanja su evaluacija psihometrijskih karakteristika
MARKO upitnika, usporedna uc¢inkovitost u ranoj dijagnostici u kombinaciji s COPD-6 mjeracem
pluéne funkcije, procjena brzine pogorSanja plu¢ne funkcije kod bolesnika s elementima KOPB-a, ali
bez spirometrijske potvrde bolesti (prijaSnji GOLD ,,0°), odrediti prevalenciju komorbiditeta u
rizi¢noj populaciji, odredivanje dijagnosti¢kih parametara koji najbolje predvidaju rano pogorsanje

plu¢ne funkcije, odredivanje prevalencije ranih faza bolesti (GOLD ,,0* 1 ,,1*) u rizi¢noj populaciji.

Primarni cilj istraZivanja je razvoj 1 validacija MARKO upitnika koji bi se sam ili u kombinaciji s
drugim biljezima aktivnosti bolesti mogao koristiti u identificiranju rizi€nih pusaca kod kojih ¢e do¢i

do razvoja KOPB-a.
Sekundarni ciljevi istraZivanja su:

a) Evaluacija psihometrijskih karakteristika MARKO upitnika.-a



b)

c)
d)

g)

Moguénost diskriminacije razli¢itih skupina bolesnika (asimptomatski pusaci, simptomatski
pusaci, KOPB I i II stupnja prema globalnoj inicijativi za KOPB - GOLD) putem MARKO
upitnika samog ili u kombinaciji s mjerenjem pluéne funkcije putem COPD-6 spirometra.
Odrediti stupanj pogorsanja pluéne funkcije kod simptomatskih pusaca tijekom pracenja.
Odrediti prevalenciju pridruzenih bolesti u ispitivanoj populaciji.

Identifikacija parametara koji najbolje otkrivaju rane poremecaje u KOPB-u

Usporedba MARKO upitnika s postoje¢im dijagnostickim postupcima evaluacije KOPB-a
(anamnesticki podaci, fizikalni nalaz, mjerenje pluéne funkcije, Sestominutni test hoda, St.
George's Respiratory Questionnaire — SGRQ i COPD Assessment Test — CAT)

Procjena prevalencije pojedinih stupnjeva KOPB-a kod pusaca bez do sada dijagnosticiranog-

a KOPB-a.



2.2. MATERIJALI I METODE

MARKO upitnik je novo-razvijeni upitnik od strane grupe eksperata koju su ¢inila tri pulmologa s
iskustvom u lije€enju KOPB-a i dva psihologa. Sastoji se od 18 pitanja koja definiraju tegobe i
ucestalost smetnji u definiranom vremenskom razdoblju. Ukupni rezultat upitnika moZze biti 0-57
bodova pri ¢emu veéi broj upuéuje na izrazenije tegobe. Navedeni upitnik je koriSten usporedno s
postojeéim upitnicima za procjenu kvalitete zivota oboljelih od KOPB-a, mjerenjem plu¢ne funkcije,
temperature izdahnutog zraka, biljega upalnog procesa i arhiviranjem uzoraka za molekularnu
analizu. MARKO ispitivanje je planirano u dvije faze, a u ovim objedinjenim radovima su prikazani
rezultati obje faze ispitivanja. U prvu fazu je uklju¢eno 450 ispitanika koji su probrani od strane 25

nadleznih lije¢nika obiteljske medicine i 7 tercijarnih zdravstvenih ustanova.

Ispitanici su regrutirani od strane nadleznih lije¢nika obiteljske medicine medu bolesnicima koji su
posijetili svog lijecnika zbog problema nepovezanog s respiracijskim tegobama. Ukoliko su se nalazili
u rizi¢noj skupini, ispunili bi informirani pristanak prije uklju¢ivanja u ispitivanje. Kriteriji
ukljucivanja su bili: pusac/bivsi puSac s >20 puSackih godina (pky, od engl. pack-years) u dobi od
40-65 godina i bez postavljene dijagnoze KOPB-a. Isklju¢ni kriteriji su bili: klinicki znacajna
kroni¢na bolest (kardiovaskularna, cerebrovaskularna, dijabetes, hepatitis, nefropatija, kroni¢na
dijaliza, sustavne bolesti ili zlocudne bolesti) koja znacajno utjece na kvalitetu zivota, bolnicko
lijecenje tijekom posljednja 3 mjeseca neovisno o uzroku, infarkt miokarda, moZdani udar ili
tranzitorna ishemijska ataka tijekom posljednjih 6 mjeseci, dijagnoza astme ili nemoguénost

provodenja nekog od planiranih studijskih postupaka.

Po ukljucenju u istraZivanje, bolesnici bi samostalno ispunili MARKO upitnik u ordinaciji lije¢nika

obiteljske medicine 1 proveli mjerenje pluéne funkcije s COPD6 spirometrom.

Dva do cetiri tjedna nakon navedene inicijalne obrade, ispitanik je bio narucen u jedan od 7 tercijarnih
centara na dalje ispitivanje tijekom kojega je u¢injena pulmoloSka obrada uz uzimanje anamnestickih
podataka, fizikalni pregled i ponovno ispunjavanje MARKO upitnika. Dodatno bi ispunio SGRQ i
CAT upitnik, izmjerena je temperatura izdahnutog zraka prije i nakon popusene cigarete 1 uzeta je
krv koja je pohranjena za dalju obradu. U sklopu obrade je uinjeno mjerenje pluéne funkcije
(spirometrija s farmakodinamskim testom sa salbutamolom, difuzijski kapacitet za CO) i
Sestominutni test hoda. Nakon toga je bolesnik prema GOLD 1 ATS (American Thoracic Society)
smjernicama kategoriziran u skupinu zdravih puSaca ili oboljelih od KOPB-a s definiranjem stupnja

bolesti.



U drugu fazu su ukljuceni ispitanici koji su u prvom stupnju procijenjeni kao ,,zdravi“ pusaci,
simptomatski pusaci (prijasnji GOLD ,,0) ili KOPB GOLD 1 stupnja i oni su praceni i ponovno
evaluirani nakon 2 godine (£2 mjeseca) od strane istog educiranog pulmologa. Postavljanje dijagnoze
KOPB-a je provodeno u tercijarnoj zdravstvenoj ustanovi od strane istog pulmologa na temelju
klinickog pregleda 1 pluéne funkcije sukladno GOLD preporukama. Incidencija novo-
dijagnosticiranog KOPB-a nakon 2 godine pracenja je koriStena za procjenu dijagnostickih
prediktabilnosti ,,MARKO* upitnika samog ili u kombinaciji s drugim biljezima za razvoj ranih
promjena u KOPB-u. Primarni cilj ovih analiza je bilo procjenjivanje prediktabilnosti novo-
konstruiranog upitnika za samoprocjenu kvalitete zivota u KOPB-u (MARKO) i njegovih domena
samih ili u kombinaciji s drugim biljezima (temperatura izdahnutog zraka, pluéna funkcija, upalni
biljezi) u identifikaciji ispitanika iz rizi¢ne skupine koji ¢e razviti KOPB tijekom dvije godine
pracenja. Sekundarni cilj je bio odredivanje postotka progresije ispitanika iz GOLD ,,0* stupnja u

KOPB-u tijekom dvije godine.

Projekt MARKO je odobren od strane etickog povjerenstva Djecje bolnice Srebrnjak (broj 04/2010
od 17.06.2010) 1 Klinickog bolni¢kog centra Osijek (broj: 25-1:10359-3/2014 od 23.07.2014) i
proveden prema pravilima dobre klinicke prakse sukladno Helsinskoj deklaraciji i relevantnim

medunarodnim i lokalnim zakonskim propisima.



2.2.1. STATISTICKA OBRADA

Analiza podataka radena je uporabom STATISTICA ver. 12 (StatSoft Inc. OK, USA), MedCalc
Statistical software ver. 16.8.4 (MedCalc Software bvba, Ostend, Belgium).

Analiza podataka fokusirana je na usporedbu pojedinih grupa ispitanika prema rezultatima MARKO
upitnika, SGRQ, CAT i to hi-kvadrat testom, Fisherovim testom, Mann-Whitney U-testom i Kruskal-
Wallis ANOVA testom. Rezultati MARKO upitnika su analizirani s Cronbach alfa, Linovim testom

konkordance i Spearmanovim koeficijentom korelacije.
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2.3. REZULTATI
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2.3.1. SAZETAK OBJEDINJENIH REZULTATA

U prvom radu je definiran problem i cilj istrazivanja uz analizu trenutne problematike KOPB-a i
stavljanje naglaska na otkrivanje ranih promjena u KOPB-u i otkrivanja rizi¢nih bolesnika u skupini
»zdravih pusaca® sto do tada nije bilo aktualno prema vaze¢im smjernicama. Detekcija navedenog
problema kasne dijagnostike KOPB-a i prijedloga za njegovo rjeSavanje je znacajan doprinos
shvacanju problema KOPB-a i nacinu pristupa njegovom rjeSenju sto je vidljivo i iz niza kasnijih
radova (24,25) koji upucéuju na isti problem s razli¢itim preporukama za njegovo rjesavanje te je ovaj
rad jedan od prvih koji su definirali taj problem kasnog otkrivanja patofizioloskih procesa u nastanku
KOPB-a u ranoj fazi. Takoder su predloZeni i neki novi postupci koji bi mogli pomo¢i u otkrivanju
rizicnih pusaca, prvenstveno novo formirani MARKO upitnik i mjerenje temperature izdahnutog

zraka.

U drugom radu je predstavljen MARKO upitnik 1 njegova primarna validacija u ispitivanoj skupini
rizinih bolesnika. MARKO upitnik je pokazao dobru unutarnju konzistenciju i primjenjivost u
uvjetima ambulante obiteljske medicine kao i pouzdanost pri samostalnom ispunjavanju od strane
ispitanika. Uz navedeno, pokazao je i znacajnu korelaciju s prije validiranim upitnicima za procjenu
KOPB-a (SGRQ, CAT) koji se upotrebljavaju u procjeni kontrole dijagnosticirane KOPB-om. SGRQ
je sloZeni upitnik koji se primjenjuje u znanstvenim ispitivanjima KOPB-a, a njegova §ira primjena
je ograniCena zahtjevnoS¢u samog upitnika 1 potrebom za strunom pomoc¢i pri ispunjavanju.
Postojanje jednostavnijeg upitnika (MARKO) kojega bi bolesnik mogao samostalno ispunjavati, a
koji korelira s rezultatima SGRQ bi moglo znaajno olaksati znanstvena ispitivanja KOPB-a kao i
redovito prac¢enje bolesnika u svakodnevnoj praksi. Iako je kod svih upitnika (SGRQ, CAT i
MARKO) nadena znacajna varijanca izmedu pojedinih skupina ispitanika (,,zdravi®“ pusaci,
simptomatski pusaci, bolesnici s KOPB GOLD I i II), jedino je kod upitnika MARKO nadena
statisticki znacajna razlika u srednjem rezultatu u usporedbi s ostale tri skupine ispitanika $to upucuje
na moguénost uporabe MARKO upitnika u otkrivanju rizi¢nih puSaca u ranoj fazi KOPB-a prije

mogucnosti postavljanja dijagnoze spirometrijom.

U tre¢em radu su prikazani rezultati analize ispitivane populacije prema pluénoj funkciji. Znacajan
doprinos je otkri¢e gotovo 20% bolesnika s KOPB-om u ispitivanoj rizi€noj populaciji, a koji nisu
bili dijagnosticirani u rutinskom radu S$to indicira uvodenje aktivnijeg pristupa u otkrivanju tih

bolesnika. Mjerenje plu¢ne funkcije priru¢nim COPD6 spirometrom (4000 COPD-6™ Respiratory
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Monitor, Vitalograph Ltd., Buckingham, UK) u ordinaciji lije¢nika obiteljske medicine pokazalo je
umjerenu pouzdanost s visokom specificnoscu, ali niskom osjetljivosti za otkrivanje KOPB-a. Ureda;j
se moze pouzdano koristiti u ordinaciji lijecnika obiteljske medicine uz rezultate usporedive s onima
postignutim u klinickim uvjetima Sto ¢ini razliku prema cjelovitoj spirometriji. Takoder, veliki dio
bolesnika moze se klasificirati prema tim rezultatima te se moze smatrati kako omjer FEV1/FEV6
>0,85 s velikom sigurnosti moze iskljuciti postojanje KOPB-a dok se omjer FEV1/FEV6 <0,7 moze
smatrati potvrdom dijagnoze KOPB-a te bi se samo rizi¢ni bolesnici s omjernom FEV1/FEV6 0,7-
0,85 trebali dalje dijagnosticki obradivati §to bi znacajno pojednostavilo dijagnostiku KOPB-a i

omogucilo otkrivanje oboljelih u rizi¢noj skupini 1 ranije zapoc€injanje lijecenja.

U cetvrtom radu je naglaSen znacaj mjerenja temperature izdahnutog zraka kao biljega aktivnosti
upalnog procesa u KOPB-u. Nepostojanje pouzdanih biljega aktivnosti patofizioloskih procesa u
podlozi nastanka oSte¢enja pluéa u KOPB-u je jedna od osnovnih prepreka ranom otkrivanju
bolesnika koji ¢e razviti tezi oblik bolesti 1 kod kojih treba provesti ranu terapijsku intervenciju. U
ovom radu smo dokazali povezanost s promjenom temperature izdahnutog zraka prije i nakon pusenja
cigarete sa stupnjem aktivnosti KOPB-a. Takoder smo definirali promjenu temperature izdahnutog
zraka kao jedan od prvih bio-markera osjetljivosti na Stetne ucinke duhanskog dima u rizi¢noj

populaciji.

U petom radu smo potvrdili znacaj mjerenja temperature izdahnutog zraka u pracenju aktivnosti
KOPB-a i verificirali mogucu ulogu pracenja razlike temperature izdahnutog zraka prije i nakon
inhalacije duhanskog dima u svrhu predvidanja rizika za razvoj KOPB-a u rizi¢noj populaciji.
Takoder smo otvorili novo podrucje istraZzivanja zna€aja neregistriranih/blagih pogorSanja KOPB-a
kod bolesnika koji jo§ ne zadovoljavaju spirometrijske kriterije za KOPB u razvoju i1 progresiji
bolesti. Pokazali smo da rizi¢ni ispitanici koji imaju ucestalu potrebu za lijeCenjem respiracijskih

infekcija s antibioticima imaju ve¢i rizik nastanka KOPB-a od onih koji nisu imali takve probleme.
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2.3.2. Rezultati rada: ,,Early detection of COPD patients in GOLD 0 population: an observational
non-interventional cohort study - MARKO study.*

U ovom radu je definiran problem i cilj istrazivanja uz analizu trenutne problematike KOPB-a. KOPB
je usporeden s drugim kroni¢nim bolestima kod kojih je otkrivanje bolesti u najranijoj fazi i uvodenje
terapijske intervencije u toj fazi dovelo do znacajnog smanjivanja morbiditeta i mortaliteta. Tada smo
(koncem 2010) postavili tezu kako definiranje KOPB-a tek nakon razvoja znacajnog stupnja
oStecenja pluéne funkcije ne moze bitno doprinijeti tom cilju ve¢ je potrebno iznac¢i nove nacine $to
ranijeg otkrivanja bolesti ve¢ u samom pocetku patoloskog procesa koji dovodi do ostecenja pluéne
funkcije i razvoja komorbiditeta. Otkrivanje rizi¢nih bolesnika u skupini ,,zdravih pusaca“ tada nije
bilo aktualno prema vaZeéim smjernicama. Detekcija navedenog problema kasne dijagnostike
KOPB-a 1 prijedloga za njegovo rjeSavanje znacajan je doprinos shvac¢anju problema KOPB-a i
nacinu pristupa njegovom rjesenju sto je vidljivo i iz niza kasnijih radova koji upucuju na isti problem
s razli¢itim preporukama za njegovo rjesavanje. Ovaj rad je jedan od prvih koji su na ovaj nacin

definirali taj problem.

Ideja uporabe upitnika o kvaliteti zivota u otkrivanju ranih poremecaja u KOPB-u je takoder
etablirana ovim ¢lankom. Uz navedenu ideju predlozen je i novi jednostavniji upitnik u procjeni

kvalitete zivota pusaca (MARKO upitnik).

Ovdje je po prvi puta prezentirana ideja uporabe mjerenja temperature izdahnutog zraka u procjeni

upalne aktivnosti u ranom KOPB-u kao 1 nac¢in njene uporabe u tu svrhu.

Protokol MARKAO ispitivanja prikazan je na slici 1.
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Flg. 1 Flow chart of subjecs through the MARKD study

Slika 1. Protokol MARKO ispitivanja

Ispitanike (njih do 700) je bilo planirano ukljuciti u svakodnevnom radu lije¢nika obiteljske medicine
(25 ordinacija inicijalno uklju€enih u ispitivanje). Ukljucili bi se pusaci ili bivsi pusaci koji dolaze na
pregled zbog problema nepovezanog s respiratornim sustavom. Uvjeti ukljucenja su bili: potpisani
informirani pristanak, pusac¢/bivsi pusa¢ s >20 puSackih godina u dobi od 40-65 godina i bez do sada
postavljene dijagnoze KOPB-a. Uvjeti iskljucivanja iz ispitivanja su bili: bilo koja klini¢ki znacajna
kroni¢na bolest koja bi mogla utjecati na kvalitetu zivota ispitanika, imuno-supresivna terapija,
akutna bolest diSnog sustava u posljednja 4 tjedna, hospitalizacija iz bilo kojeg razloga u posljednja
3 mjeseca, infarkt miokarda, moZdani udar ili prolazna ishemijska ataka unutar 6 mjeseci, dijagnoza
astme 1 nemogucnost provodenja nekog od predvidenih dijagnostickih postupaka. Po uklju¢ivanju u
ispitivanje, u ambulanti lijjeCnika obiteljske medicine bi se ispunio MARKO upitnik 1 provelo
spirometrijsko testiranje s COPD-6 priru¢nim spirometrom (4000 COPD-6™ Respiratory Monitor,
Vitalograph Ltd., Buckingham, UK). Nakon toga bi se ispitanik unutar 2-4 tjedna uputio u jedan od
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7 klinickih centara na dalju evaluaciju. Tu bi se ponovilo ispunjavanje MARKO upitnika 1 provela
dijagnostika plu¢ne funkcije uz pregled pulmologa. Uz navedeno bi se ispunili 1 upitnici procjene
kvalitete zivota (SGRQ 1 CAT). Uz spomenuto provodilo se i mjerenje temperature izdahnutog zraka

prije i nakon popusSene cigarete, 6-minutni test hoda i uzeta je krv za laboratorijsku obradu.

Na slici 2. prikazani su postupci s bolesnicima tijekom ispitivanja.

Table 2 Tse gt T = h iy
H u
m ) m ) il
i F GP F G F
“FiErs 0
formed n W
Lo ¥
MARKLY 3l X
CAT 4
SGRO iy ¥ i
10 y
4 X n
EBT before and after cigarette X
LING L
. W
SO L haaddil X
npulse oscilan X
ng ! o
B Ty an
a ci /S P i
- ETLIM,
MHCTICH R v (6 e walk t
OPD diagnosss X

Legend: w - wesk, m - month, GP - general practitioner’s office, ? - pulmonologist at tertiary care hoxpital, CAT - COPD Ascessment Test, SGRO - 5S¢ George
Aexpiratory Cuestionnaire, EBT - eshaled breath temperature

*rrapulse ascilometry and body plethysmography was done only in one center

“Blood sampling was done andy in subjects that sigred additional Infoemed consent

Slika 2. Postupci tijekom ispitivanja

Ocekivano je bilo od navedenog broja ispitanika izdvojiti oko 500 ispitanika s urednom pluénom
funkcijom, simptomatskih pusaca (prijasnji GOLD ,,0°) 1 bolesnika s KOPB GOLD ,,1* stupnja koji
bi se pratili tijekom 5 godina. Za to vrijeme bi se redovito kontrolirali po svojim lije€nicima obiteljske
medicine uz mjerenje plu¢ne funkcije s COPD-6. Prva klinicka kontrola bi bila nakon dvije godine,
a druga nakon 5 godina ispitivanja. Na klinickim kontrolama bi se definirali slijede¢i bolesnici: 1.
Novonastali KOPB, 2. Progresija bolesti (novonastali + pogorSanje stupnja KOPB-a) i 3. Bolesnici s
ubrzanim gubitkom pluéne funkcije (>70 ml/godisnje). Incidencija novo dijagnosticiranog KOPB-a

nakon dvije 1 pet godina bi se koristila u procjeni uloge pojedinog prije mjerenog parametra u
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predvidanju daljeg razvoja KOPB-a. Pohranjeni uzorci krvi od bolesnika koji su potpisali pristanak

na —omics analizu bi se koristili u naknadnoj evaluaciji ovih parametara.

Ispitivanje bi trebalo dati odgovor na dva temeljna pitanja: 1. Postoji li jednostavan 1 jeftin nacin
detekcije pusaca/bivsih pusaca s rizikom za nastanak KOPB-a u populaciji s rizikom (pusaci/bivsi
pusaci) i 2. Postoji li uzorak (kombinacija) funkcionalnih parametara, kvalitete zivota, genetskih i
biokemijskih parametara koji bi mogli otkriti bolesnika koji ¢e razviti KOPB u skupini rizi¢nih

ispitanika?

MARKO upitnik je izraden u suradnji 3 iskusna pulmologa i dva psihologa. Sastoji se od 18 pitanja
koja pokrivaju pojavnost i ucestalost simptoma obi¢no povezanih s KOPB-om koji mogu utjecati na
kvalitetu Zivota ispitanika. Ispitanici su pitani za tegobe unutar tri mjeseca osim za infekcije
respiracijskog sustava koje su ispitivane unutar posljednjih 12 mjeseci. Uz spomenuto biljeze se i
osjecaj nedostatka zraka i kondicije uz usporedbu s nepusacima iste dobi i spola. Ukupni zbroj

odgovora je mogao biti od 0 do 57 gdje je veci zbroj sugerirao losiji rezultat procjene kvalitete zivota.

Temperatura izdahnutog zraka je mjerena uz pomo¢ X-Halo® uredaja (Delmedica Investments,
Singapore). Ispitanici su udisali kroz nos i izdisali kroz usta u uredaj tijekom normalnog disanja. To
se ponavljalo do postizanja stabilne vrijednosti temperature izdahnutog zraka. Test se provodi na
sobnoj temperaturi (19-25 °C) uz relativnu vlaznost zraka od 30-60% u laboratoriju za ispitivanje
pluéne funkcije. Postupak je provoden prije bilo koje druge pretrage i ponovljen najmanje 60 minuta

nakon popusene cigarete (kod aktivnih puSaca).

Prema naSim spoznajama, ovo je prvo kohortno ispitivanje koje pokuSava definirati prediktore i
incidenciju KOPB-a u pre-simptomatskoj fazi bolesti i prije nastanka oStecenja plu¢ne funkcije. Cilj
istrazivanja je bio razvoj jednostavnih postupaka otkrivanja KOPB-a u samom pocetku bolesti prije

nastanka ireverzibilnog oStecenja plu¢ne funkcije 1 pridruzenih bolesti.

Ispitivanje je prijavljeno u registru Clinical trials.gov pod registarskim brojem NCTO01550679
(https://clinicaltrials.gov/ct2/show/NCT01550679).
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2.3.3. Rezultati rada ,,Development and the initial validation of a new self-administered
questionnaire for an early detection of health status changes in smokers at risk for chronic

obstructive pulmonary disease (MARKO questionnaire).*

U ovom radu je predstavljen MARKO upitnik i njegova primarna validacija u ispitivanoj skupini
rizi¢nih pusaca/bivsih pusaca. MARKO upitnik je razvijen od strane tri pulmologa i dva psihologa.
Napisan je na hrvatskom jeziku jer je planiran za provjeru na nasoj populaciji. Sastoji se od 18 pitanja
i ukupni zbroj odgovora moze biti od 0 do 57, s time da je veci broj povezan s izrazenijim tegobama.
Pojedina pitanja su redundantna s namjerom da se retroaktivno prema analizi rezultata identificiraju
pitanja koja najbolje detektiraju ispitanike koji ¢e razviti KOPB u budu¢nosti. MARKO upitnik je

prikazan na slici 3.
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Slika 3. MARKO upitnik
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Slika 3 nastavak. MARKO upitnik

U pilot ispitivanju na 138 bolesnika s KOPB-om sva pitanja iz upitnika pokazala su visoki stupanj
razumijevanja (s ocjenom >3,2 od maksimalno 4). Nakon toga je provedena inicijalna validacija
upitnika koja je predvidena za procjenu osnovnih psihometrijskih karakteristika upitnika i njegovu
usporedbu s postojecim upitnicima za procjenu KOPB (CAT, SGRQ). Takoder je bilo zanimljivo
provjeriti razlikuju li se Cetiri ispitivane skupine (zdravi pusaci, simptomatski pusaci, GOLD 1 i
GOLD>1) prema rezultatima MARKO upitnika. Upitnik je u dva navrata samostalno ispunjavan od

strane ispitanika, prvi put u ambulanti obiteljske medicine, a drugi put prije klinicke obrade. Ispitivaci
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u klinici nisu imali spoznaje o rezultatima MARKO upitnika u ambulanti lijecnika obiteljske

medicine.

Validacija je provedena na 224 ispitanika. Vec€ina ispitanika bili su aktivni pusaci (85,8%). Muskarci
su bili intenzivniji pusaci (43.0 vs 32.2 PKY, P < 0.001), a kod Zena je bio veéi broj onih koje su
prestale pusiti. Vise od polovice ispitanika je imalo kroni¢ne bolesti izvan respiracijskog sustava, a
skoro polovica je uzimala terapiju za neku kroni¢nu bolest. Kroni¢ne ili ponavljajuée respiratorne
tegobe je prijavilo preko 60% ispitanika s kasljem/iskasljavanjem kod oko polovice ispitanika, a

piskanja u prsima kod >20%. Karakteristike ispitanika su prikazane na slici 4.

TAELE 1. Characteristics of participants recruited in a validation study (N=224)*'

Characteristics Total (N=224) Men (n=110) Women (n=114} B
Age (years) 52367 52069 526164 053
Smoking history (pack-years) ISEI6T 43.0+ 179 372+136 <0.001
Ex-smokers 321142 22(A32) 10 (5.0} 0.2
Comorbidities 126 (56.3) 62 (56.4) 64 (36:1) 0.840
Chronic treatment 97 (433) 47 [427) 50(439) 0.562
Body mass index (kg/m?) 264£4] 275139 254141 <0001
Systolic blood pressure (mmHg) 126115 128414 123116 0014
hastolic blood pressure (mmHg) BO+9 #2409 [ sk 0.003
Heart rate (min) 80112 19+13 BO£N 0751
Respiratory symptoms 138{61.6) 66 (60.0) 72 |63 0627
wheezing 45:(21.5} 23 (209) 261(228) 0.731
cough 114 {509) 54 491) 60 (531} 0550
ST 107 {47.8) 53 {(48.2) 54 (474 0903
night awakenings 16 {71) 10 (103} & (6.3) 0307
chest pain 25(11.2) 11 (10.2) 140126 0572
Respiratory sounds

zoft 73 (328) 43 (390 30 (26.3) 0.027
profonged expiration 253 132 (11.8) 12 (105} 0949
rhonchi 30034 15 (13.8) 1513.2) 0208
Lung function (post bronchodilator)®

FVIC {86 expected) 1028169 1060150 1134+ 179 o.00
FEV. (% expected) 997 +1532 891 £14.8 1002156 0620
FEV./FVC {58} B0+64 752267 TeBE60 0.068

*FVIC - forced vital capacity, FEV, - forced expiratory volume in 1 second.
+All data are presented as mean+50 or as number (%). Statistical significance for betwean sex comparisons was tested using ttest or §*-test

Slika 4. Karakteristike bolesnika u validaciji MARKO upitnika

MARKO upitnik je pokazao dobru unutarnju konzistenciju i primjenjivost u uvjetima ambulante
obiteljske medicine kao i pouzdanost pri samostalnom ispunjavanju od strane ispitanika. Usporedba

rezultata MARKO upitnika s CAT 1 SGRQ upitnicima je prikazana na slici 5.
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TAHLE 2 Somras for the MARKO questionnaire, COPD Assessment Test (CAT) and 5t"George Respiratory Questicnnaire (SGRCE accord-

myg to differant subgroups®!
MARND questionnaire  ~pr 5GRO scores
18-item T4-item Cofe symptom activity impact total
AN =234) NF-IES) BE5135 B MSE3-3IE IB3EA55 390924 125N
Ringe -4t 036 0-37 -0 o-1a6 553 O-56.5
Sax Men =110 wirm TEaE B {413} HOMEINT) R (F-324  AX04T) 129@4-NE
Wormern (n=114} 1BES 9 -t 13ES3AL TAAEAsS 37095 13-
P a2 iki ) a7 QLBOG 0975 (VK ] 635
Subgroups:.  HS =73 TEa s(rg) 5 (28 E304 M202d oo 53 {1:5-133)
after 55 =110 BEa ots  wEasE esiEIEEF 2346358 e70HE40 W EE TP
dizgnostlt  copnEID =29 0B BB ORI NAGEI 04MINS SIPWN RIgENg
ks COPOGOID 2in=78) 1800260 13(723 15658 292 (1513871 233 (174-477) 104 (32080 183 (127301
P SO0 0007 <D0 il s ] <100 «< (kD <
oD nofn= 182 1ife-16 BEan  BMad L O 1 R 1 R e 8 =
ves [ =43 MM 10ES5-IE5) B {515 1324 EA34d) PINTAEHE THOOE TSN
P (L00R ams 0@l i, | 0326 a8 a0sd
Semaking ecsmokeE =30 10E519 A5 (41358 7 EA EI0A6E MS01E355 420129 SSAEILN
aciive fn =192 W1 a8E-M) B TER(EE-344) 17405335 39(0124) 125{4207)
P ST g 03 Fli i) e | 637 0533
Comorhidities no =498 (o] T e b O B TABEIIA) 746295  IRO-IA) 126 43974)
yes n=1251 e 8- Bia AT EI7Y) BRI EIN- 42 0E 12343
P 0138 113 0943 i Q13 o5 osan
Chonic non=17 (] o A ' B LR R TIEIAT) TrETEs  20en WEET)
frestrment s fn =97 1S aisan) o{514) MoiE3343) BE23n8 610043 4T {ERI
P (L85 0 oia 0o0s ooz 26 B
Resplratory noin=86] AR E T T 5049 3047 NS5 Eped3) S2018-144)
SYMDIOME e [n=138) M 9{sa5 WETS) FAS0RI-38  RIANIEAES) FRO-TE) 1S (re-ad)
P ool . o 4] | <0OF <0001 oo <0.001 Pl
Wheszing noflm=179 e TEm 7431 E32EA TrrEas 2 0as) 8 AB-17
ves fn=49) 19(1325) 128  WO0H 346 [(226-458 195 IRS41E 103 A8 21a M)
P Q001 cnDot <0001 <0001 <0001 <0.001 L))
Cheonic! nain="1o} gt w390 731 ASMAE3) wileEEAsr oS Ta{25163)
cogh sputemyes n=114) 14023 9{s56) AR TRS (TS I3A01 T35 T4 058 157 BeEsd)
P SOD0T oot <003 <0001 T <0001 <K
Mrighe o =208 iE-1E BT Al CIRFEIand) TRZ h2andl SEE0d) 1S {dand
ansEnings  yesin=18) EN23451158288 T 0E255 A0 es IS (Ers3s 09025 F{Z19450
364t
P <0001 060 <indt Bl O7s OO0 OO0
Chestpaln  nodn=199) 006150 7313 B4am NGMA-28 175295 3F009 151 @ESR
ves [n=25) s 1R TREE 3 (153404) AB(23-53E 122 A6 TS 253 (15735
P w1001 00T <0001 0007 <0007 (i .1 00T
Fatigue non= 164 3439 639 6563100  MiEeITA 12035 AT ATEERNR
ves [n=54) 19TE) M50 HEIE u7(gs-dns) IS 03F4E) @7 I3 raEn
p 0100 000 <0m 1007 <0001 <AL o]
Soft nolsean  nodn=151) 18 a3 B4-13) L6573 174205 RO 117 @S5S
ancultation  yes [n=73) WEm B B NFE3344) 1240358  3oiasd MIEsH
P .7E6 o aad 075 QR 0750 0916
Profonged modn=199) 10iE-1s T E B {4-13) NEMSI8  174s354) 39054 N2 H-I9E
eapi@tion  yes{n=25) BEIH 0E oSiES 000 3T (124353 FARKIES 15 (52T

Slika 5. Usporedba rezultata MARKO upitnika s CAT i SGRQ
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TAELE 2. Continued. Soores fior the MARKC questionnatne, COPD Azsessment Test (CAT) and 58" George Respiratory Cueastionnains
{(SGROY according $o different subgroups®!

MARKD questionnaine CAT SR scores
l8-item  T4-item 50008 ymptom activity impact fotal
fhonchi o n=T54) WE-155) F3-12) Bi{1-13) 1NG36ETE6  1Fd 5355} 1E0-KA] 113 3E-15S)
¥ES (n=30 RS {1123k 12 (7198 125 G517 I3E022-29) IB5 {6359 B-ITE
F <1001 KO0t CHEEAT Qoo oAl 1

*H5 - "healthy” smoker‘er-smokers, 55 - sympiomatic smaokers'ex-smokers, O0PD GOLD T - participants diagnosed with chronic obstructive
pulmanary disease (COPD] with Tifenes mdex <07 and forced expiratory volume in 1 second FEV |2-B0% predicted, 03P GOLE 2 - partcipants
diagnosed as COPD with Tiffensau indey o7 and FEV <08 and 250% predicted.

fll dataare presenied as median and interguartsie range (MR and as range for the overall scones. Szatistcal signifianos for subgroups compari-
sons was tested using Mann-Whitney U t=st for 28l independent vanables except for 4 subgroups scooeding to diagnosis after the diagnostic workup
that was tested using Krusial-Wallis ANIVA

$Sigrificantly different from H3 {post-hoc anatysisg P 005

YSagnificantly diffenent from HS {post-hoc anabpsisy P 00T

iBagrificantly differ=nt from H5 {post-hoc aradysisk P <0007,

Slika 5 nastavak. Usporedba rezultata MARKO upitnika s CAT i SGRQ

MARKO upitnik je pokazao znac¢ajnu korelaciju s prije validiranim upitnicima za procjenu KOPB-a
(SGRQ, CAT) koji se upotrebljavaju u procjeni kontrole dijagnosticirane KOPB-om. Nadena je
statisticki znacajna korelacija s CAT upitnikom (r = 0.69, 95% CI 0.59-0.79, P < 0.001). Sa SGRQ je
nadena statistiCki znaCajna umjerena korelacija s pojedinim domenama SGRQ (s domenom
simptoma: r = 0.69, 95% CI 0.59-0.79, P < 0.001 i s domenom aktivnosti: r = 0.67, 95% CI 0.57-
0.78, P < 0.001). Snazna pozitivna korelacija nadena je s ukupnim rezultatom SGRQ (r = 0.81, 95%
CI0.73-0.89, P < 0.001).

Kako je SGRQ sloZeni upitnik koji se primjenjuje u znanstvenim ispitivanjima KOPB-a, a njegova
Sira primjena je ogranicena zahtjevno$¢u samog upitnika i potrebom za struénom pomoci pri
ispunjavanju, postojanje jednostavnijeg upitnika (MARKO) kojega bi bolesnik mogao samostalno
ispunjavati, a koji korelira s rezultatima SGRQ moglo bi znacajno olak3ati znanstvena ispitivanja

KOPB-a kao i redovito pracenje bolesnika u svakodnevnoj praksi.

lako je kod svih upitnika (SGRQ, CAT 1 MARKO) nadena znacajna varijanca izmedu pojedinih
skupina ispitanika (,,zdravi* pusSaci, simptomatski pusaci, bolesnici s KOPB GOLD 11 II), jedino je
kod upitnika MARKO nadena statisticki znacajna razlika u srednjem rezultatu u usporedbi s ostale
tri skupine ispitanika (M =7 vs 13 vs 10 vs 18, P < 0.001, P =0.0451 P < 0.001). MARKO upitnik
je bolje otkrivao rane simptome kod pusaca u usporedbi s ostala dva upitnika 1 nije pokazao znacajan
utjecaj pridruzenih bolesti i primijenjene terapije. To upucuje na moguénost uporabe MARKO
upitnika u otkrivanju rizi¢nih pusaca u ranoj fazi KOPB-a prije moguénosti postavljanja dijagnoze

spirometrijom.
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2.3.4. Rezultati rada: ,,.Diagnostic accuracy of a pocket screening spirometer in diagnosing chronic
obstructive pulmonary disease in general practice: a cross sectional validation study using

tertiary care as a reference..*

U ovom radu su prikazani rezultati usporedbe odredivanja pluéne funkcije priru¢nim spirometrom
COPD-6™ (4000 COPD-6™ Respiratory Monitor, Vitalograph Ltd., Buckingham, UK) u
ordinacijama lijeCnika obiteljske medicine i istim uredajem i standardnim spirometrom u uvjetima
laboratorija za ispitivanje pluéne funkcije u tercijarnim zdravstvenim ustanovama od strane
educiranog osoblja. Prije provodenja ispitivanja, lije¢nici obiteljske medicine su prosli kratku
rezultatima uporabe u svakodnevnoj praksi. Nakon inicijalnog mjerenja u ambulanti lijecnika
obiteljske medicine, unutar 2-4 tjedna bi se u uvjetima laboratorija za ispitivanje pluéne funkcije
tercijarne zdravstvene ustanove ponovilo mjerenje pluéne funkcije s COPD-6™ i nakon toga

standardnom spirometrijom s farmakodinamskim testom sa salbutamolom.

Od ukupno 326 konsekutivno odabranih pusaca/bivs§ih pusaca, 227 ispitanika je uklju¢eno u
ispitivanje (185 puSaca i 42 bivSa pusSaca). Zbog iskljucih kriterija, 21 ispitanik nije mogao biti

ukljucen, a 78 je odbilo dalje sudjelovanje u ispitivanju (slika 6).
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Potentially eligible participants
n=326
Excluded
n=99
- Refused to participate (n=78) J
- Positive exclusion criteria (n=21) Eligible participants
n=227
Index test
(COPD-6™)
n=227
| :
Index test (COPD-6™) negative Index test (COPD-6™) positive
n=213 n=14
Reference standard Reference standard
(spirometry) (spirometry)
n=213 n=14
v l
COPD diagnosis COPD diagnosis
Positive (n=29) Positive (n=14)
Negative (n=184) Negative (n=0)
Fig. 1 Diagmm of flow of patients through the study

Slika 6. Protokol ispitivanja

Demografske karakteristike, pusacki status, kroni¢ne bolesti i lijeCenje prema postavljenoj dijagnozi

KOPB-a su prikazane na slici 7.

Table 1 Demographics, smoking habit, presence of comorbid disorders and chronic treatment other than that for COPD according
to final COPD diagnosis (N=227)

Variables All (N=227) COPD (n=43) Mon-COPD (n=184) Statlstics

Wormen (%) 115 {507 17 (39.5) 99 (532) ¥2=2711, F=0100
e {years), mean £ 5D 525+ 638 536+70 523+ 67

BMI (kgm™), mean+ 50 265+ 42 265+57 265+ 35

Active smokers (%) 185 {B4.9) 31 (843) 153 (85.0)

Years of smoking, mean + 5D 3065+ 69 320+64 303+£69 z=1641, P=0.101

Cigaretres/day, mean + 5D 246+91 244 4+80 2464+02 z=0241, p=0809

Pack-years, mean £ 50 375+£174 391+£743 375+ 775 z2=1310, p=0.190

Presence of comorbid disorders (96) 126 (55.5) 22(51.2) 104 {56.5) ¥2 =0049, F=0825

Chroric treatment (% 99 (436) 161(372) 823 451) 2 =0125FP=0724

x2 chi-sguare test results, ¢result of Student’s. ttest, # result of Mann-Whithey U test, SD standard deviation, BMI body mass index calculated as the mtio of body
weight in kg and squared body height in meters

Slika 7. Demografske karakteristike, pusacki status, kroni¢ne bolesti i lijeCenje prema postavljenoj

dijagnozi KOPB-a
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U naSoj ispitivanoj populaciji su na ukupno 227 ispitanika otkrivena 43 bolesnika s
nedijagnosticiranim KOPB-om S§to ¢ini preko 18% (24 - 10.4 % GOLD stupanj 11 19 - 8.2 % GOLD
stupanj 2. Rezultati mjerenja pluéne funkcije s COPD-6 i spirometrijom su prikazani na slici 8.

Analiza usporednih mjerenja prema Bland-Altmanu je prikazana na slici 9.

Table 3 Lung function [COPD-6™, spirometry) according to the presence and severity of COPD according to GOLD stages

Lung function All Won<COPD OFD COPD Statistics
GOLE GOLD 2
N=227) [m=184) ln=24) In=19
COPD-6™ FEV, B predicted) 943+ 155 76 +133 909+ 130 675+ 122 F=4627 P <D0
FEVs (3% predicted) 939+164 %60+ 153 47+ 149 745+ 137 F=1727 P <00
FEV./FEV: (% 0845 + 0085 0864 +£0071 0781+ 0083 07570117 F=2584 F <000
Lung age (yrs) 607+139 A1 &40+ 111 845+ 157 F=4807 P <0001
Spirametry FEV, (3 predicred) 979+153 1015+129 929+ 102 T+ 127 F=5150F <000
FWC (9 predicrad) 1093 +170 1108 +167 MN27+ 1148 011+ 162 F=1320 P <000
FEV /P (96) 0.742+0073 0.761 £0.060 0855 + 0055 0650+ D073 F=48.14 P < 0D
AFEV, (%) 139+400 140 £379 292+ 435 093+ 7568 F=3011 P=0051

Data for all variables s presented as mean + standard deviation; FEV, forced expiratory wolume in 1 s FEV; forced expiratory volume in 6 5, FWC forced expiratory
volume, AFEV; post-bronchadilatar change in FEV, (measured 20 min after inhalation of 400 pg of salbutamal), F - result of ANOVA for between
group comparisons

Slika 8. Rezultati mjerenja plu¢ne funkcije s COPD-6 i spirometrijom stratificirani prema dijagnozi.
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Fig. 3 Bland-Altman plots for between methods and points of care comparisons for lung function parameters. Bland-Altman plots are presented
as plots of difference between two measurements [y-axis] plotred against the mean of two measurements [x-axisl: graphs at columns represents
pammeters measured using COPD-6™ at the GP's office: first column - FEV,, second column = FBV,, third column = FEV /FEV,; rows represent
mean of two measurements: first row - COPD-6™ at tertiary care, second row = spirometry (5), third row - postbronbodilator (PE) spirometry

Slika 9. Analiza usporednih mjerenja prema Bland-Altmanu

Mjerenje pluéne funkcije priruénim COPDG6 spirometrom u ordinaciji lije¢nika obiteljske medicine
pokazalo je umjerenu pouzdanost s visokom specificnoscu, ali s niskom osjetljivosti za otkrivanje
KOPB-a. Uredaj se moze pouzdano koristiti u ordinaciji lije¢nika obiteljske medicine uz rezultate
usporedive s onima postignutim u klinickim uvjetima §to ¢ini razliku prema cjelovitoj spirometriji.
Takoder, veliki dio bolesnika se moze klasificirati prema tim rezultatima te se moZe smatrati kako
omjer FEV1/FEV6 >0,85 s velikom sigurnosti moze iskljuciti postojanje KOPB-a dok se omjer
FEV1/FEV6 <0,7 moze smatrati potvrdom dijagnoze KOPB-a te bi se samo rizi¢ni bolesnici s
omjernom FEV1/FEV6 0,7-0,85 trebali dalje dijagnosticki obradivati $to bi znacajno pojednostavilo
dijagnostiku KOPB-a i omoguéilo otkrivanje oboljelih u rizi¢noj skupini te ranije zapocinjanje
lijeCenja. Na temelju naSih rezultata moze se preporuciti algoritam aktivnog traZzenja bolesnika s

KOPB-om u rizi¢noj populaciji koji je prikazan na slici 10.
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Both sexes
235 years of age
Smokers/ex-smokers with >20 pack-years
and
Chronic respiratory symptoms
ar
Comorbidities associated with COPD

L

Lung function testing with COPD-6™

] ¥ T

FEV,/FEV, <0.7 FEV,/FEV >0.85 FEV,/FEV, 20.7
and =0.85
: } I
Treatment should be Consider Refer to
started according to the alternative pulmonaologist
current guidelines in an diagnosis than for further
uncomplicated patient COPD consultation

ar
referred to a specialist
for further assessment (if
a patient is severe or has
significant comaorhidities)

FHg. & Proposed CEMCE! akporitiem D The DRans o patent 3 sk e COPD smokarslacsmokens with =20 packyeas T a0 ONECANel . Feae SOy

[T of comoebidities associaned with COPD wiing herg fencrion testing with COP0S™ a1 G office

Slika 10. Preporuceni algoritam aktivnog trazenja bolesnika s KOPB-om u rizi¢noj populaciji.
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2.3.5. Rezultati rada: ,,.Exhaled Breath Temperature as a Novel Marker of Future Development of

COPD: Results of a Follow-Up Study in Smokers.*

U ovom radu je naglasen znacaj mjerenja temperature izdahnutog zraka kao biljega aktivnosti
upalnog procesa u KOPB-u. Kako samo oko 1/3 pusaca razvije KOPB tijekom zivota, od velikog
znacaja bi bilo definirati biljege koji bi u populaciji pusaca mogli otkriti one koji su ,,0sjetljivi na
pusenje 1 kod kojih ¢e ono dovesti do nastanka KOPB-a. Unato¢ brojnim ispitivanjima, do sada nije
definiran takav biljeg. Kroni¢ni upalni odgovor plu¢a na unosenje Stetnih Cestica je jedan od osnovnih
patofizioloskih mehanizama nastanka KOPB-a. Do danas nije definiran nacin mjerenja intenziteta tog
odgovora. Mjerenje temperature izdahnutog zraka se u drugim bolestima pluc¢a pokazalo kao moguci
parametar aktivnosti upalnog odgovora u plu¢ima. U nasem ispitivanju smo na populaciji ,,zdravih*
pusaca koristili mjerenje temperature izdahnutog zraka prije i nakon popusene cigarete kao mjeru
aktivnosti upalnog odgovora na popusenu cigaretu. Iz cjelokupne populacije u ispitivanju su izdvojeni
aktivni pusaci (jer je ispitivanje podrazumijevalo pusenje jedne cigarete tijekom ispitivanja). Ukupno
je ukljuceno 140 ispitanika. Kod njih je u sklopu planirane obrade ucinjeno i mjerenje temperature
izdahnutog zraka prije svih drugih planiranih postupaka i najmanje sat vremena nakon posljednje
popusene cigarete te nakon 15 minuta od popusSene jedne cigarete. Isti bolesnici su ponovno
obradivani nakon dvije godine i pracena je progresija u novonastalom KOPB-u, progresija stupnja
KOPB-a ili stupanj pogorsanja plué¢ne funkcije (>70 ml/godiSnje). Mjerenje temperature izdahnutog
zraka je provodeno prema prije definiranim metodama uz pomo¢ X-Halo® uredaja (Delmedica
Investments, Singapore). Promjena u temperaturi izdahnutog zraka se biljezila kao apsolutna razlika

dviju izmjerenih vrijednosti.

Rezultati usporedbe promjene temperature izdahnutog zraka i stupnja KOPB-a nakon dvije godine
(novodijagnosticirani KOPB, progresije bolesti, ubrzani gubitak plu¢ne funkcije) su prikazani na

slici 11.
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Table 4. EBT (EBTh, EBTc and AEBT) ROC curve analysis data according to the outcomes of disease progression after 2-year follow-up (N =140)

Disease progression outcome EBTh EBTc AEET

ND COPD GOLD AUC, 95% (], Statistics 0.664, 05N-0748, L =1199, p= 0.568, 0466-0.667, L =0547,p=  0.669,0568-0759, L =1409,p=
0231 0.584 0152

LLN AUC, 95% (I, Statistics 0788, 0703-0858, Z =2330,p= 0704, 0.605-079,Z=1124,p= 0.859,0781-0917,Z=2533, p=
0.020 0.261 0.01

op GOLD  AUC 95% (), Statistics ~ 0.663,0579-0740,7 =1595,p=  0530,0438-0.611,7 =074 p= 0711, 0.622-0789, 7 = 2.404, p =
om 0784 0.016

LLN AUC, 95% Cl, Statistics  0.716, 0634-0789, Z=2.246, p= 0731, 0544-0.808, L =1.993, p=  (0.6M, 0.520-0.702, Z=0783,p=
0.025 0.046 0433

Legend: ND COPD - newly diagnosed COPD after 2 years of follow-up; DP - disease progression — ND COPD + progression of a seventy of COPD from GOLD 1stage during
the 2-year follow-up; GOLD: Global Initiative for Chronic Obstructive Lung Disease; LLN: lower level of normal; AUC: area under the curve; C: confidence interval; EBT -
exhaled breath temperature: EBTh - baseline EBT: EBTc — EBT after smoking cigarette; AEBT — change in EET after smoking cigarette; statistical significance was tested
using z statistics.

Slika 11. Rezultati usporedbe promjene temperature izdahnutog zraka i stupnja KOPB-a nakon

dvije godine (Novo-dijagnosticirani KOPB, progresije bolesti, ubrzani gubitak pluéne funkcije).

Razlika u temperaturi izdahnutog zraka od 1°C je imala grani¢nu prediktivnu vrijednost za
predvidanje nastanka novootkrivenog KOPB-a (rezultat je bio znacajniji ukoliko su se koristili
ATS/ERS kriteriji prema donjoj granici referentnih vrijednosti - LLN). Za progresiju bolesti je
promjena temperature izdahnutog zraka od 0,17°C imala statisticki znacajnu prediktivnu vrijednost i
kod procjene prema GOLD smjernicama i kod primjene ATS/ERS preporuka. Nismo nasli statisticki
znacajne prediktivne vrijednosti promjene temperature izdahnutog zraka na ubrzano propadanje
pluéne funkcije. Visoka negativna prediktivna vrijednost (>95%) upucuje na veliku dozu pouzdanosti

u negativan rezultat kao mjerodavan u procjeni ,,0sjetljivosti* pusaca na udisanje duhanskog dima.

U ovom radu smo dokazali povezanost promjene temperature izdahnutog zraka prije 1 nakon pusSenja
cigarete sa stupnjem aktivnosti KOPB-a i time definirali promjenu temperature izdahnutog zraka kao
jedan od prvih bio-markera osjetljivosti na Stetne u¢inke duhanskog dima u rizi¢noj populaciji Sto bi

trebalo provjeriti na ve¢em uzorku kroz dulje vrijeme pracenja.
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2.3.6. Rezultati rada: ,,Breathlessness and “exacerbation” questions predictive for incident COPD

(MARKO study): data after two years of follow-up.*

U ovom radu smo usporedili rezultate inicijalnog ispitivanja i kontrole nakon dvije godine. Od 366
ukupno regrutiranih ,,zdravih® pusaca/bivS§ih puSaca i simptomatskih puSaca/bivsih pusaca, na
kontrolni pregled je doslo 320 ispitanika (od ¢ega 186 Zena). Novo-dijagnosticirani KOPB je naden
kod 33 ispitanika (stopa incidencije 4,911/100 pacijent-godina). KOPB se razvio statisticki zna¢ajno
cesce kod muskaraca (75.8% vs 37.3%, p < 0.001) i1 kod ispitanika s ve¢om izlozenosti duhanskom
dimu (42.99 vs 35.52 pusackih godina, p = 0.008). Kod ispitanika koji su razvili KOPB inicijalno se
nalazio ve¢i stupanj opstrukcije (FEV1, Tiffeneau indeks, MEF25 i MEF50), DLco je bio usporediv
izmedu dvije skupine ali je KCO bio inicijalno zna¢ajno nizi u KOPB-ovoj skupini. Sestominutni test
hoda, mMRC, hematoloski nalazi i visoko osjetljivi CRP nisu pokazali razlike izmedu dvije skupine.
Nije nadeno razlika niti u ukupnim rezultatima SGRQ, MARKO i CAT upitnika. Znacajna razlika je
nadena u odgovoru na 4. pitanje MARKO upitnika (ataka kaslja i bronhitisa u proteklih 12 mjeseci)
uz marginalnu znacajnost za pitanja 3. (zaduha u posljednja tri mjeseca) i 5. (uporaba antibiotika u

posljednjih 12 mjeseci).

Usporedba rezultata izmedu dvije skupine je prikazana na slici 12.
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Table 3 Comparison of baseline measures between the groups of incident COPD and rest (at follow-up visit) (N = 320).

Variable No COPD (n = 287) Incident COPD (n = 33)
Mean SD Mean SD Difference 95% CI P’
Age (yrs) 51.76 7.38 5238 7.80 0.62 [-2.06 to 3.31] 0.561
Sex (male) 106 37.3% 25 75.8% <0.001
Smoking history (p/y) 35.52 17.01 4299 19.18 747 [1.23-13.71] 0.008
Time from baseline (yrs) 2.11 0.21 2.14 0.22 0.03 [-0.05 to 0.11] 0.483
Body height (cm) 171.08 9.25 177.76 9.46 6.68 [3.32-10.04] <0.001
Body weight (kg) 78.45 15.92 84.24 17.37 5.79 [-0.03 to 11.61] 0.046
BMT (kgm2) 26.69 432 26.52 4.45 -0.17 [~1.74 to 1.40] 0.841
Heart rate (min ') 77.76 12.26 76.79 13.22 -0.97 [-5.80 to 3.85] 0.788
Systolic blood pressure (mmHg) 127.26 14.50 13143 12.39 417 [-1.42 to 9.76] 0.123
Diastolic blood pressure (mmHg) 80.38 9.07 80.57 9.08 0.19 [-3.35 to 3.73] 0.893
Commorbidities (No) 0.69 0.78 0.64 0.86 -0.05 [-0.34 to 0.24] 0.599
Chronic treatments (No) 0.86 1.13 0.82 1.26 -0.04 [-0.45 to 0.38] 0.591
Post BD FVC (L) 4.04 1.00 4.66 1.15 0.62 [0.25-0.99] 0.003
Post BD FVC (% predicted) 97.74 12.83 97.47 14.01 -0.26 [-5.03 to 4.50] 0.760
Post BD FVC (z score) -0.17 0.92 -0.19 1.05 -0.02 [-0.36 to 0.33] 0.749
Post BD FEV1 (L) 3.20 0.80 3.13 0.85 -0.07 [-0.37 to 0.22] 0.795
Post BD FEV1 (% predicted) 97.95 13.94 83.35 15.11 -14.60 [-19.77 to —-9.43] <0.001
Post BD FEV1 (z score) -0.14 1.02 -1.21 1.12 -1.07 [-1.45 to —0.69] <0.001
Post BD TIFF (%) 79.51 5.62 67.21 5.55 -12.30 [-14.33 to —10.27] <0.001
Post BD TIFF (% predicted) 99.81 6.89 8524 7.60 -14.58 [-17.10 to —12.05] <0.001
Post BD TIFF (z score) 0.01 0.86 -1.67 0.83 -1.68 [-1.99 to —1.37] <0.001
Post BD MEF25 (L/s) 1.21 0.58 0.79 0.35 -042 [-0.63 to —0.20] <0.001
Post BD MEF50 (L/s) 4.02 1.43 2.53 1.22 =150 [-2.02 to —0.971 <0.001
Slika 12. Usporedba rezultata pojedinih parametara nakon dvije godine ispitivanja izmedu

skupine koja nije razvila KOPB i ispitanika koji su razvili KOPB.
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Table 3 Comparison of baseline measures between the groups of incident COPD and rest (at follow-up visit) (N = 320).

Variable No COPD (n = 287) Incident COPD (n = 33)
Mean SD Mean SD Difference 95% CI P
Post BD PEF (L/s) 7.66 2.08 8.01 2.18 035 [-0.43 to 1.13] 0.199
DLCO (% predicted) 78.16 18.26 75.53 3323 =253 [-10.76 to 5.50] 0.083
KCO (% predicted) 79.30 19.39 7131 23.64 -7.99 [-16.02 to 0.04] 0.049
6 MWT (m) 442.39 88.85 43381 100.29 -857 [-44.38 to 27.24] 0.763
6 MWT (%) 63.28 11.77 5825 13.59 -5.03 [-9.79 to —0.28] 0.056
EBTb (°C) 33.01 2.83 3243 3.37 -0.58 [-1.70 to 0.53] 0.404
EBTd (°C) —0.06 1.46 040 1.92 046 [-0.16 to 1.08] 0.521
RBC 4.69 0.42 471 0.41 0.03 [-0.14 to 0.20] 0.626
Hgb 142.27 13.12 14596 12.98 369 [-1.73 to 9.12] 0.208
hte 0.43 0.05 043 0.03 0.01 [-0.01 to 0.03] 0.179
WBC 8.26 1.97 8.10 2.04 -0.16 [-0.98 to 0.66] 0.639
hsCRP 3.32 4.03 2.80 2.15 -051 [-2.20 to 1.17] 0.769
mMRC 0.67 0.77 0.73 0.84 0.06 [-0.22 to 0.34] 0.770
SGRQ activity score 23.36 20.00 2571 18.62 235 [-5.06 to 9.76] 0.463
SGRQ impact score 7.66 10.66 9.56 10.43 191 [-2.06 to 5.88] 0.136
SGRQ symptom score 19.54 18.42 2579 23.60 6.25 [-0.84 to 13.34] 0.290
SGRQ total score 14.42 12.63 17.15 12.80 273 [-1.99 to 7.45] 0.163
CAT (score) 9.46 6.85 12.07 7.97 261 [-0.01 to 523] 0.052
MQq 1 1.40 1.35 191 1.55 0.50 [0.00-1.01] 0.099
MQq 2 122 1.32 159 1.52 0.37 [-0.12 to 0.87] 0.207
MQq 3 0.63 1.00 106 1,32 0.44 [0.06-0.82] 0.064
MQq 4 0.42 0.54 0.66 0.55 024 [0.04-0.43] 0.015
MQq 5 0.31 0.49 0.50 0.57 0.19 [0.00-0.37] 0.050
MQq 6 0.63 0.63 0.75 0.67 0.12 [-0.12 to 0.35] 0.331
MQq 7 0.27 0.58 0.28 0.58 0.02 [-0.20 to 023] 0.799
MQq 8 0.25 0.53 025 0.51 0.00 [-0.20 to 0.19] 0.951
MQq 9 0.24 0.51 025 0.44 0.01 [-0.17 to 0.20] 0.574
MQq 10 0.56 0.73 0.69 0.97 0.13 [-0.15 to 0.40] 0.751
MQq 11 1.19 0.91 128 0.89 0.10 [-0.24 to 0.43] 0.602
MQq 12 1.30 0.96 1.38 0.79 0.07 [-0.28 to 0.42] 0.604
MQq 13 0.41 0.73 0.56 0.80 0.15 [-0.12 to 0.42] 0.148
MQq 14 0.33 0.62 0.31 0.47 -0.02 [-0.25 to 0.20] 0.730
MQq 15 0.57 0.73 0.63 0.71 0.05 [-0.21 to 0.32] 0.546
MQq 16 0.41 0.70 041 0.61 0.00 [~0.26 to 0.25] 0.774
MQq 17 1.42 0.78 134 0.65 -0.08 [-0.36 to 0.20] 0.387
MQq 18 1.32 0.80 138 0.71 0.05 [-0.23 to 0.34] 0.900
MQ (total score) 12.89 8.89 15.22 10.32 2.33 [-1.00 to 5.65] 0.277
Noles:

* Mann-Whitney test.

p/y » pack-years; BMI, body mass index; HR, heart rate; BD, bronchodilator; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s; TIFF, Tiffeneau index
(FEV1/FVC); MEF25, mid-expiratory flow at 75% of FVC; MEF50, mid-expiratory flow at 50% of FVC; PEF, peak expiratory flow; DLCO, diffusing capacity of the lungs
for carbon monoxide; KCO, carbon monoxide transfer coefficient; SMWT, 6-min walk test; EBTDb, baseline exhale breath temperature; EBTd, difference in exhaled breath
temperature after smoking a cigarette; RBC, red blood cell count; Hgb, hemoglobin; htc, hematocrit; WBC, white blood cell count; hsCRP, high-sensitivity C-reactive
protein; mMRC, modified Medical Research Council dyspnea scale; CAT, COPD Assessment Test; SGRQ, St. George’s respiratory questionnaire; MQ, MARKO
questionnaire; MQq, MARKOQ questionnaire question number.

Slika 12. nastavak

Analizom uz koriStenje multi varijantne logisticke regresije nadeno je kako su pitanja o zadusi,
egzacerbacijama i muski spol mogli predvidjeti povecani rizik za nastanak KOPB-a unutar dvije godine.

Rezultati analize su prikazani na slici 13.
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OR 95% Cls p-value
MG 3 1.55 1.09t0 2.22 0.0158 -

Ma4 243 1.10105.37 0.0288 ——

Sex (male) 11.03  3.71t032.81 <0.0001
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Odds ratio (95% Cls)

Figure 2 Forest plot of the results of the multivariate logistic regression for the prediction of
incident COPD (N = 320). MQ, MARKO questionnaire question number; CIs, confidence inter-
vals. Full-size K&l DOI: 10.7717 /peer].16650/fig-2

Slika 13. Forest plot prikaz rezultata analize multivarijantne logisticke regresije za predvidanje

incidencije KOPB-a

Kod pusaca kod kojih je ispitivana i razlika temperature izdahnutog zraka prije i nakon popusene

cigarete, za svako povecanje razlike za 0,01°C je doslo do povecanja rizika za 29% (slika 14.)
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OR 95% Cls p-value
EBTd 1.29 1.00to 1.67 0.047 =
MQ3 1.69 1.14t0 2.51 0.009 -
MQ4 3.33 1.40to 7.96 0.007 —
Sex (male) 10.92 3.29t0 36.28 <0.001 -
| 1 1 L 1 i | L 1
0 10 20 30 40

0Odds ratio (95% Cis)

Figure 3 Forest plot of the results of the multivariate logistic regression for the prediction of
incident COPD in active smokers (N = 245). EBTd, change in exhaled breath temperature after a
smoked cigarette; MQ, MARKO questionnaire question number; CIs, confidence intervals.

Slika 14. Forest plot prikaz rezultata analize multi varijantne logisticke regresije za

predvidanje incidencije KOPB-a kod pusaca

Ovim rezultatima smo otvorili novo podrucje istrazivanja znacaja neregistriranih/blagih pogorSanja
KOPB-a kod bolesnika koji jo§ ne zadovoljavaju spirometrijske kriterije za KOPB u razvoju i
progresiji bolesti. Pokazali smo da rizi¢ni ispitanici koji imaju ucestalu potrebu za lijeCenjem
respiracijskih infekcija s antibioticima imaju vec¢i rizik nastanka KOPB-a od onih koji nisu imali
takve probleme. Takoder smo potvrdili znacaj mjerenja temperature izdahnutog zraka u pracenju
aktivnosti KOPB-a 1 verificirali mogucu ulogu pracenja razlike temperature izdahnutog zraka prije i

nakon inhalacije duhanskog dima u svrhu predvidanja rizika za razvoj KOPB-a u rizi¢noj populaciji.
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2.4. RASPRAVA

KOPB je jedan od vode¢ih uzroka morbiditeta i mortaliteta u svijetu. Ukoliko zelimo smanjiti

morbiditet i mortalitet od KOPB-a, potrebno je posti¢i napredak u sljede¢im koracima (24,25):

1. Prevencija: Kampanje protiv pusenja, edukacija, prevencija pusenja u mladoj populaciji, zamjena
uporabe goriva od biomase u kucéanstvu, smanjenje zagadenja ispuSnim plinovima u prometu,

promocija zdravog razvoja i oCuvanja pluca.

2. Rana dijagnoza: Otkrivanje bolesnika u ranoj fazi KOPB-a uz aktivno pronalazenje oboljelih u

populaciji pod rizikom.

3. Potrebno je uspostaviti registre osoba koje su pod povecanim rizikom za nastanak KOPB-a i

definirati protokole njihovog pracenja.

4. Dijagnosticirati pred-klinicki KOPB: Definirati i otkriti bolesnike s patofizioloskim procesom koji
¢e dovesti do trajnog oStecenja pluéne funkcije. Odrediti bio-markere i druge pokazatelje koji bi
mogli otkriti KOPB u toj fazi, a prije nastanka spirometrijskog poremecaja. Striktno pracenje takvih

bolesnika uz provodenje mjera za prestanak puSenja / izloZenosti Stetnim ¢imbenicima.

5. Otkriti terapijske pristupe koji ¢e biti uc¢inkoviti u sprje¢avanju daljeg oste¢enja pluca i razvoja

KOPB-a iz pre-klinicke faze.

NaSe ispitivanje je fokusirano u smjeru ranog otkrivanja postoje¢eg KOPB-a 1 moguénosti
dijagnostike pre-klinickog KOPB-a. Za osobe iz rizi¢nih skupina postoji ve¢i broj razli€itih preporuka
za rano otkrivanje oboljelih (2). GOLD preporuca aktivno trazenje oboljelih unutar rizi¢ne populacije,
ali ne preporuca spirometrijski probir. Jedan od razloga kasnog otkrivanja oboljelih je smanjena
dostupnost spirometrije, osobito u ruralnim sredinama i mjestima udaljenim od klini¢kih centara.
Zbog toga se razmatra nekoliko strategija. Jedna je provodenje spirometrije na razini obiteljske
medicine, ali to zahtijeva veliki broj spirometara i znacajan stupanj edukacije izvrSitelja te je u
ispitivanjima pokazalo sub-optimalne rezultate (26). Drugi pristup je primjena priru¢nih jednostavnih
spirometara koji mjere ogranic¢eni dio plu¢ne funkcije. Problem s njima je nedovoljna podudarnost
rezultata dobivenih tim mjerenjem i standardne spirometrije (26,27). U naSem istrazivanju smo
dokazali postojanje znaCajne potrebe za aktivnijim nalazenjem oboljelih od KOPB-a u rizi¢noj
populaciji jer je novootkriveni KOPB naden kod skoro 20% ispitanika iz riziéne skupine. Sto se ti¢e
postavljanja dijagnoze putem priru¢nog spirometra, rezultati su bili sli¢ni ispitivanjima drugih takvih

uredaja, ali smo analizom rezultata preporucili novi pristup uporabi takvih uredaja. Naime umjesto
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insistiranja na 100% podudarnosti sa zlatnim standardom dijagnostike KOPB-a (spirometrijom u
laboratoriju za analizu plu¢ne funkcije), prirucnim spirometrima se moze uciniti dodatni probir u
populaciji pod rizikom koristec¢i dvije umjesto jedne grani¢ne vrijednosti. Na taj nacin smo u nasem
ispitivanju mogli s jednom vrijednosti iskljuciti mogucénost postojanja KOPB-a, a s drugom je
potvrditi ¢ime bi se znacajno smanjio broj bolesnika koji nisu mogli biti dijagnosticirani u ambulanti
obiteljske medicine i kod kojih je trebalo za kona¢nu dijagnozu provesti punu spirometrijsku obradu.
Prema naSem misljenju, na ovaj nacin bi se mogao znacajno povecati broj bolesnika s KOPB-om

dijagnosticiranih u ranoj fazi bolesti od strane lije¢nika obiteljske medicine.

Kako se vec¢ 1 kod rane KOPB-a nalazi znac¢ajno ireverzibilno oStec¢enje pluéne funkcije, sve vise se
preporuca otkrivanje bolesnika s aktivnim patofizioloskim procesom koji ¢e dovesti do nastanka
KOPB-a i zapoceti terapijsku intervenciju ve¢ u toj fazi. Navedeno stanje se naziva pre-KOPB, ali za
sada joS$ nije jasno definirano niti postoje jednozna¢ne preporuke kako ga otkriti 1 kako postupiti s
takvim bolesnicima (28-30). Jedna od preporuka je pra¢enje simptoma i parametara kvalitete Zivota
bolesnika jer se njihovo pogorSanje povezuje s aktivnosti patofizioloSkog procesa i povecanim
rizikom za nastanak KOPB-a (31,32). Kako je vecina upitnika za pracenje kvalitete zivota u KOPB-
u kompleksna i neprilagodena redovitom pracenju bolesnika izvan klinickih ispitivanja, mi smo u
naSem radu formirali novi, jednostavniji upitnik usmjeren na samoprocjenu simptoma i stanja
povezanih s ranim KOPB-om. Testiranjem MARKO upitnika na nasoj populaciji dokazali smo dobru
korelaciju s postoje¢im upitnicima za procjenu KOPB-a, a neki elementi MARKO upitnika su bili
statisticki znacajno povezani s povecanim rizikom za nastanak KOPB-a u rizi¢noj populaciji. To su
dominantno pitanja iz domene zaduhe 1 ucestalosti respiracijskih infekcija uz bronhiticne smetnje 1
uporaba antibiotika za njihovo lije€enje. Ovaj rezultat upucuje na znacaj dvije domene koje se koriste
u procjeni KOPB-a (zaduha i egzacerbacije) i prije nastanka samog KOPB-a. Znaju¢i kako najveci
stupanj propadanja plu¢ne funkcije nastaje u ranim fazama KOPB-a i kako su egzacerbacije znac¢ajan
¢imbenik daljeg pogorSanja pluéne funkcije, ovi rezultati impliciraju potrebu za boljim definiranjem
pojma egzacerbacije KOPB-a, osobito pitanje detekcije 1 znacaja blagih egzacerbacija. Prema naSim
rezultatima, puSaci skloni u€estalim respiracijskim infekcijama bi mogli imati povecan rizik nastanka

oSte¢enja pluéne funkcije 1 samog KOPB-a.

Kako do 50% pusaca ima neke tegobe, ali samo kod oko 8% njih dode do nastanka KOPB-a, potrebni
su nam mehanizmi dodatnog razdvajanja tih ispitanika. Upalni odgovor kao reakcija na unoSenje
Stetnih Cestica u pluca se smatra jednim od osnovnih patofizioloSkim mehanizama nastanka oste¢enja
pluéne funkcije kod puSaca (33-35). Brojni parametri upalnog procesa su ispitivani u cilju ranog

otkrivanja patofizioloS8kih promjena koje dovode do KOPB-a, ali vecina njih nije pokazala
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zadovoljavaju¢i dijagnosticki potencijal, najvjerojatnije jer se radi o niskom intenzitetu upale 1
procesu dugog trajanja (34,35). Trenutno se ispituje mogucnost pracenja upalnih biljega u kondenzatu
izdahnutog zraka u cilju mjerenja intenziteta upale i prije nastanka KOPB-a. Mi smo u naSem radu
ispitivali promjenu temperature izdahnutog zraka kao biljeg upalne aktivnosti na unosenje Stetnih
Cestica (duhanskog dima) u plu¢a pusaca (36,37). Do povecanja temperature izdahnutog zraka nakon
pusenja cigarete ne dolazi kod svih pusaca pa bi se ova €injenica mogla koristiti u razlikovanju pusaca
osjetljivih na posljedice pusenja i onih kod kojih ne¢e do¢i do oste¢enja sukladnog s KOPB-om.
Korelacija povecanja temperature izdahnutog zraka nakon puSenja cigarete i povecanog rizika za
nastanak KOPB-a nakon dvije godine pracenja koju smo nasli u naSem istrazivanju upucuje na
mogucnost uporabe mjerena temperature izdahnutog zraka kao jeftinog, jednostavnog i dostupnog
parametra otkrivanja pojedinaca kod kojih pusenje izaziva aktivaciju upalnog odgovora u plu¢ima, a

time i dovodi do promjena povezanih s nastankom KOPB-a.

lako je naSe istrazivanje dalo dosta zanimljivih rezultata i smjernica za dalje ispitivanje te smo
dokazali barem ograni¢enu moguénost predvidanja nastanka KOPB-a u rizi¢noj populaciji na temelju
praéenja jednostavnih parametara, postoje i odredena ogranicenja. Uzorak ispitanika je srazmjerno
mali 1 oCekivana incidencija KOPB-a nije dostignuta. Kako smo ispitivali jednostavne biljege koji bi
mogli predvidjeti nastanak KOPB-a, nismo pratili druge mogucée opcije (genetika, epigenetika,
metabolomika) koji su mogli dati dodatnu vrijednost u analizi, ali smo za odredeni broj bolesnika
sacuvali bioloski materijal (serum) za mogucéu naknadnu analizu. Takoder nismo imali kontrolnu
skupinu nepuSaca iste dobi i1 spola. Navedena ograni¢enja su nastala uslijed ograni¢enog budZeta
projekta. Rezultati naSeg istraZivanja bi se trebali provjeriti 1 potvrditi usporedivim ispitivanjima na

vecoj populaciji ispitanika s rizikom za nastanak KOPB-a.
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2.5. ZAKLJUCCI

Projekt MARKO je pokrenut s idejom rjeSavanja dva osnovna problema u lijeCenju KOPB-a, a to je
Sto ranije postavljanje dijagnoze KOPB-a u populaciji i otkrivanje bolesnika s danas definiranim
terminom pre-KOPB-a, naime puSaca s povecanim rizikom za razvoj KOPB-a. Uz navedeno, u
projektu je pracen veéi broj parametara i uzeti su uzorci za mogucu naknadnu analizu bioloskih
parametara koji bi mogli upucivati na pocetne patofizioloske promjene koje ¢e u daljem tijeku
rezultirati nastankom KOPB-a. Primarni rezultati MARKO projekta kao i analiza ispitanika nakon
dvije godine prac¢enja ukazali su na nove smjerove kojima bi trebalo i¢i otkrivanje ranog KOPB-a
kao i definiranju bolesnika s povecanim rizikom koji bi se trebali intenzivnije pratiti i zapoceti
lijecenje, u prvom redu prestanak pusenja, prije nastanka ireverzibilnih promjena vezanih uz KOPB.
Za podrobnije definiranje uporabe navedenih rezultata u svakodnevnoj klini¢koj praksi potrebno je

provesti ispitivanje na ve¢em broju ispitanika.
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2.6. SAZETAK

Uvod: Pusenje je glavni uzrok nastanka KOPB-a, ali samo oko 1/3 puSaca razviju KOPB tijekom
zivota. Progresivni tijek KOPB-a uz znac¢ajan morbiditet i mortalitet indiciraju potrebu za §to ranijim

otkrivanjem bolesti kako bi se $to prije zapocelo s lijecenjem.

Metode: MARKO projekt je multicentricno prospektivno kohortno istrazivanje koje ukljucuje 500
ispitanika s rizikom za nastanak KOPB-a (pusaci/bivsi pusaci >20 puSackih godina u dobi od 40-65
godina, oba spola, bez prije postavljene dijagnoze KOPB-a). Ispitivanje je planirano u dvije faze: (1)
presjecno istrazivanje: razvoj i validacija novog upitnika uz evaluaciju u¢inkovitosti ru¢nog COPD-
6™ spirometra u ordinaciji obiteljske medicine u pronalazenju bolesnika s KOPB-om u rizi¢noj
populaciji; i (2) prospektivno istrazivanje: pracenje kohorte ispitanika iz populacije pod rizikom za
nastanak KOPB-a. Ispitanici su ukljuceni iz 25 ambulanti obiteljske medicine i pregledani od strane
pulmologa u 7 bolnic¢kih centara prema predefiniranom protokolu: upitnicima za s bolesti povezanom
kvalitetom zivota, anamnezom, fizikalnim pregledom, uzimanjem uzoraka krvi, mjerenjem
temperature izdahnutog zraka, mjerenjem pluéne funkcije i Sestominutnim testom hoda. Ispitanici
kod kojih nije postavljena dijagnoza KOPB-a kao 1 oni s KOPB-om prvog stupnja po GOLD-u su
ukljuceni u dalje pracenje i procjenu progresije bolesti nakon dvije godine, a planira se i ponovna

evaluacija nakon 5 godina praéenja.

Rezultati: U prvoj fazi, KOPB je dijagnosticiran kod 43 ispitanika (18,9% od ispitanika s rizikom)
Sto indicira poboljSanje postupaka za pronalazenje oboljelih unutar populacije s rizikom za KOPB.
Portabilni COPD-6™ spirometar je pokazao visoku specificnost i nisku osjetljivost za postavljanje
dijagnoze KOPB-a, ali smo dokazali kako se uporabom dvije razli¢ite grani¢ne vrijednosti ispitanici
mogu podijeliti u dvije skupine: skupinu s dokazanim KOPB-om (FEV1/FEV6 < 0.7) 1 skupinu kod
koje je iskljuceno postojanje KOPB-a (FEV1/FEV6>0.85) §to ostavlja samo manji broj nedefiniranih
bolesnika izmedu ove dvije vrijednosti, a kod kojih je indicirana dalja dijagnosticka obrada. Na
temelju psihometrijske analize i1 visoke podudarnosti s validiranim upitnicima za procjenu kvalitete

zivota, MARKO upitnik pokazao se pouzdanim kao kratki alat za samoprocjenu ispitanika.

U drugoj fazi nakon dvije godine prac¢enja, nasli smo ucestalost novonastalog KOPB-a od 4.911/100
osoba-godina (95% CI [3.436-6.816]). Analizom eksploratornih ¢imbenika MARKO upitnika
izolirane su tri odvojene domene (zaduha i umor, “egzacerbacije”, kasalj uz iskasljavanje). Pitanja o
zadusi i egzacerbacijama kao i muski spol su bili prediktivni ¢imbenici za nastanak KOPB-a u rizi¢noj
populaciji nakon dvije godine pracenja (AUC 0.79, 95% CI [0.74-0.84], p < 0.001). Promjena

temperature izdahnutog zraka nakon pusenja cigarete (AEBT) pri inicijalnoj obradi je bila znacajno
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prediktivna za progresiju bolesti (p<0.05) uz AUC od 0.859 (p=0.011) osjetljivost od 66.7% i
specificnost od 98.1% za novo dijagnosticirani KOPB uz uporabu LLN kriterija.

Zakljuéak: Ovo je jedno od prvih kohortnih ispitivanja koje pokuSava ustanoviti incidenciju KOPB-
a kod pre-simptomatskih ispitanika iz rizicne skupine prije nastanka znacajnog oSteCenja ciljnih
organa. Rezultati naseg ispitivanja upuéuju na potrebu uvodenja aktivnog trazenja oboljelih u
populaciji s rizikom (nadeno je skoro 20% nedijagnosticiranih bolesnika s KOPB-om). Testiranje
pluéne funkcije s COPD-6™ moze zamijeniti spirometriju ukoliko ona nije lako dostupna. Rezultati
MARKO upitnika u kombinaciji s AEBT mogu potencijalno posluziti kao rani biljeg buduceg razvoja
KOPB-a kod rizi¢nih pusaca.

Registracija ispitivanja: Clinicaltrial.gov NCT01550679 retrospektivno registrirano 28. veljace
2012.
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2.7. SUMMARY

Introduction: Main risk factor for the development of chronic obstructive pulmonary disease
(COPD) is smoking, but only less than 1/3 of smokers develop clinically manifest COPD. COPD’s
progressive nature with high disability and mortality makes it plausible to detect it as early as possible

thus allowing for an early intervention.

Methods: MARKO project is a multicenter prospective cohort study recruiting 500 subjects at risk
for COPD (smokers/ex-smokers >20 pack-years, 40—65 years, both sexes, with no prior diagnosis of
COPD) in two phases: (1) cross-sectional: development and validation of a new questionnaire and
evaluation of the efficacy of the handheld COPD-6™ in GP’s office in case finding of COPD from
the population at risk; and (2) prospective: follow-up of a cohort of patients at risk for COPD. Subjects
were recruited by 25 GPs and assessed for COPD by dedicated pulmonologists in 7 hospital centers
using a predefined protocol: HRQoL, history, physical, blood sampling, exhaled breath temperature
(EBT), lung function, 6-min walk test (6MWT). Patients without COPD and those in GOLD stage 1
at initial assessment were reassessed for disease progression by the same pulmonologist after 2 years

and are planned to be reassessed again after 5 years.

Results: In the phase I, COPD was diagnosed in 43 subjects (18.9 %), which indicate the need for
better case finding procedures in the population at risk. The handheld COPD-6™ showed high
specificity but low sensitivity for the COPD diagnosis but we found that by using two different cut-
off values we can stratify the majority of the patients to the two groups: COPD group (FEV1/FEV6
< 0.7) and group without COPD (FEV1/FEV6>0.85) leaving only small number of patients between
these two values for further diagnostic workout. Based on psychometric analyses and high convergent
validity correlation with already validated QoL questionnaires, the newly developed MARKO

questionnaire was shown to be a reliable self-administered short health status assessment tool.

In the phase II, after two years of follow up, we have determined a rate for incident COPD that was
4.911/100 person-years (95% CI [3.436-6.816]). Exploratory factor analysis of MARKO
questionnaire isolated three distinct domains (breathlessness and fatigue, “exacerbations”, cough, and
expectorations). We found out that questions about breathlessness and “exacerbations”, and male sex
were predictive of incident COPD after two years follow-up (AUC 0.79, 95% CI [0.74-0.84], p <
0.001). The change in EBT after smoking a cigarette at initial visit (AEBT) was significantly
predictive for disease progression after 2 years (p<0.05) with an AUC of 0.859 (p=0.011) with
sensitivity of 66.7% and specificity of 98.1% for newly diagnosed COPD using LLN criteria.
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Conclusion: This is one of the first cohort studies attempting to establish the incidence of COPD in
the presymptomatic stage before significant end organ damage. Our study results point out that active
case finding in a population at risk for COPD should be instituted (almost 20 % of undiagnosed
COPD). Based on our results lung function testing with COPD-6™ can substitute spirometry testing
in cases where it is not readily available. The MARKO questionnaire combined with AEBT could

potentially serve as early markers of future COPD in smokers at risk.

Trial registration: Clinicaltrial.gov NCT01550679 retrospectively registered February 28, 2012.
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3.1. Early detection of COPD patients in GOLD 0 population: an observational non-interventional

cohort study - MARKO study.

Vibiea er al. BMC Pulmenay Medicie (2017) 17:36
DO 101 85451 289001703785 BMC F’ulmﬂﬂar}r Medicine

STUDY PROTOCOL

Early detection of COPD patients in GOLD 0 &
population: an observational non-
interventional cohort study - MARKO study
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Abstract
Background: Main risk factor for the developmant of chronie obstructhve pulmanany disease EOPD) 8 tmokdng,
although only less than 1/3 of smokers develop dlinically manifest COPD. COPD's progressive natune with high
disability and mortality makes it plausible to detect it as-eardy a: poscible thus allowing for an eardy intervention
The only tod for an ey diagnosts that could be used on the global sale i spirometry, even though symploms
and deprivation of health related guality of life’ (HRO0L) precede ralevant spirometric changes. Existing HROoL
Guestionnaines am too complicated of nal developad for an eady detedion of COPDL The sm of our study wad
to develop a new smple HRCQoL tool that will allow {alone ar in combination with other markers) early detection
of patients with COPDL
Methods: A muliicenter prospective cohort study recrutting 500 subjects at dsk for COPD {smaokensfex-srnokers = 20
packyears, 40-65 yvears, both sexes with no prior disgnosis of COPDY) will be cmiad out in two phates 1) coss-
secfional - development and validation of a new guestionnaine and (2} prospecive - follow-up of a cohort of
patients at rsk for COPDL Subjeas ware fecruited by 25 GPs and assessed for COPD by dedicated pulmonalogists
in 7 hospital centers wsing a predefined protocot HRQoL, history, physical, blood sampling, exhaled breath
termparature EBT), lung function, &min walk test (6MAWT). Patients withouwt COPD and those in GOLD stage 1
at initiad assessment will be reassessed for disease progression by the same puimonologist dfter 2 and 5 years.

Digeussion: Thic 15 ane of the first cohert studies atternpting to establish the incldence of COPDYin the pre
Symptomatic stage before significant end organ damaga. We intend 1o assecs the validity, predictability and
diserirninative power (thealthy” smokers ve, pre- symptoratic phase in ey developed COPD) of newly dewloped
HROAL tood adone o in combination with other markers; BT, lung function, GMWT, genomics, transcriptomics,
protecmics), We epect that the results of this study can improve our understanding of the development of COPD,
identify some new undedying pathophysiologicd pathways, and offer to sensifhve scker gioeamioken naw
preventive and eady intervention measures thus impraving the management of COPDL

Trial registration: Clinicltrial gov NCTO 1550679 retrospectively registened Febriary 28, 2012
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Background

Chronic obstructive pulmonary diseaze (COPD) is a
major canse of morbidity and maortality globally, respon-
sible for approximately 5 million deaths every year, with
expected significant rise in mortality untill the vear
020, COPD mortality & low at age 45, but significantly
rises after the age of 65 with significant comorhidity
already present. COFD has a major economical and pub-
lic health impact especially with regard to severe disease
and exacerbations, Major risk Bactor for COPD develop-
ment is tobacoo smoke, although only less than 1/3 of
smokers develop COPD during ther lifetime Becanse of
its progressive nature COPD ends with early disahility
and martality. Stopping or slowing down the progression
of the dizease & stil an unmet need, although thera-
paatic interventions in COPD patients hawe shown to
have signifimntly larger impact i they were started earl-
ier in the course of the disease [I—4]. An early diagnosis
should allow for an early intervention, thus possibly pre-
venting the progression of COPD, alleviating symptoms
and improving general wellheing, preventing complica-
tions and comorhidities and early maortality [5]. The only
available method for an early diagnosis that is soitable
for screening purposes & spicometry (also used as the
‘mold standard’ for COPD diagnosis). Although screening
on a global sale is not recommended by COPD guide-
lines, recommendations for early diagnosis (case finding)
have been heavily advocated [6, 7). Mew insights of the
genetic background of COPD development have been
revedled from cross-sectional large scale genetic studies
but these data still need confirmation on a global scale
using prospective data [B] On the other hand, symptoms
and loss in health related quality of life (HREOQoL) often
precede diagnostically relevant loss of lung finction
[FEV,/FVC <07 ar < lower limit of normal [LLN]) [&].
Consequently we need new simple tools to detect
patients in an early [(prelsymptomatic stage of COPD
before significant end organ damage. Based on these as-
sumptions; the possibility of identifying the population
at risk and the possibility of producing significant benefit
for the patient if COPD is identified sarly, we decided to
develop and test a new tool (to be used alone and in
combination with other markers) in a prospective cohort
study in a population at risk (smokers/ex-smokers with
signifiant cumulative exposure to tobacco smoke, with
no prior diagnosis of COPD). This new tool should be
based on a prerequisite for a soeening tool; nsable on a
global level, cheap, self-applicable, moderate to high sen-
sitivity and high specificity {no false positives) for COPD.
Az existing HR(oL questionnaires are too complicated
(Chronic Respivatory Ouestionnaire - CRO), St George
Respiratory (uestionnaire - SGEC), andior not devel-
oped for the purpose of early detection of COPD (Clin-
il COPD Cuestionnaire - CC0Q, COPD Assessment
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Test - CAT), we have constructed, developed, and intend
to validate a simple self-applicable questionnaire to
detect early changes in HR(oL related to future COPD
development [9-13L

Methods

The aim, design and setting of the study

The aim of this twn phase prospective ohservational co-
hort study in subjects at risk for COPD was to constroct,
develop and validate a new tool (newly constructed self-
applicable HECoL questionnaire — MARKD question-
naire) to be used alone or in combination with other
markers (exhaled breath temperature [EBT], lung func-
tion, inflammatory markers, and omics) in order to iden-
tify subjects who will dewelop COPD, even hefore
signifimnt end organ damage that can be identified
using spirometry.

The MARKOD study & a prospective, ohservational,
nan-interventional cohort study of subjects (both seces)
at risk for the development of COPD (smokers/ex-
smokers with & smoking history of =20 pack-yearsj,
without a previous disgnosis of COFD. The smdy for all
imvestigational sites was approved by the Childrens
Hospital Srebrojak Ethics Committee and performed in
amcordance with the Declaration of Helsinki, good clin-
ical practice, and all relevant international and national
legislations. According to a national legislation regarding
non-interventional studies an approval from a single
local ethics committee meets the ethical requirements
for such a study. The MARKO smdy has been carried
out with the cooperation of 25 general practitioners
{GPs) and 7 tertiary hospital research centers (within
Departments of Pulmonology) since 2010 (Table 1),

Privary endpoint: to develop and validate the MARKO
questionnaire to be used alone or together with other
markers to identify subjects that will develop COPD.

Secondary endpoints: (a) to evaluate psychometric char-
acteristics of the MARK O questionnaire; (b) to evalnate if
the d-efw_ll.%l-ed screening questionnaire together with the
COPD-6 " messurement disoiminates COPD patents
with GOLD stage 0 (symptomatic smokers) and GOLD 1
from “healthy’ smokers and patients with COPD GOLD 2
ar higher hased on the evaluation made by the pulmonal -
ogist: (c] to determine the rate of progression of COPDin
patients with GOLD 0 during the follow-up; (d) to deter-
mine the prevalence of concomitant disorders in this
population; (&) to identify diagnostic parameters that
are most sensitive for early impairment in COPD (best
discriminate between COPD GOLD 0 and GOLD 1); ()
o compare the MARED questionnaire with diagnostic
tools used for evaloation of patients (SGRE(), CAT,
history, physical, lung function, 6MWT) (g) to assess
the prevalence of different stages of COPD (specifically
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Table 1 The ikt of study sites and ressarchers imvalved in MARKD study (MARKD study group

Suadly stes

Comfact pasany esearhar Hile

Childranis Hospita! Saberdak, Jagnah, Cmarla

Genedal Hospia! Dubrownd, Dubnownd, Cnoaria

Univesiy of Lvanpoo] Lverpood, LK

Urivesy of Tagrab Cenme S Cangtian Studies, Zagreh, Croatia
irgmnte oo Medical Resasnch and Oooupatonal Health, Taorel, Croara
Univamiy Hospaal Cemper Ok, Osisk, Croatia

Univars iy Hognital Cemrer Spli, S, Cmatia
Unhadty Hosptal Center Wjeka, fipka, Croatla
Unitam iy Hognital Dubsva, Tagreh, Creatla

Univesy Hosonal Cener Zagren, 2ageb, Croatia
Sperial Hogoital for Lueng Dseases, Jagreh Croatis

Ganeral pracce affices, 08 e Croata

Gangral fracice offioes. Spbit, Croanis

Garers fractice affices, Tagren, Croaria

Gereral fracrive office, Donjl Mo, Croara
Cereral fracve offce, Poating, Croaria

Gereral prace offce, Wjela, Croaris

Gereral framce ofice, Semec Samobosk) Croats

Azsoc il Davor Maver, M0, M50, PRD
Zadn rbica, MD, MSC
Frof Mees MA Caiveriay, MD, PhD

Ihencinal Insseiganon

IMhencinal InneesTiganor

Srudly congaizant

Amirind Adrjana Koddec Dulmit, ThD Paychoiois
AggigtProf, Guedo Racdodewviddndate BA, MA, "D Pgychologer
Masing Lates, MDD, PO CoFinesTa T
Siavica Lahoe, MO, PRD Subinvesrigatoe
wa luid, MO Sulbineriganoe
AssirPrad. wan Gudsl] MDD, PRD Cortrestoate
AgssrPra. Uianz Buat Kaoiem, MD, P Corimes o T
Aszociof MNaven Tudosd, MD, PR Cortrestoate
o Lptidie, D SubirneasTiganoe
Aokt Sanja Papond Gria, MAD, FRD Subinvestigator
Taiana lakele Ghnesd, MO SubinwesTigaTar
Thna Lok, MD Lubirvvastioator
Alnina Dunic, MO, PhD

Reraw Growit, MD

Ljfiana e, MD

Morka ledud, MD

Jamna Magysromitaty-Sand, M0
Dana Mekandasning, MD
Sanda Mrinis, MD

Alen Stolanovid, WD

Hodana Vaaniac MO

Merm Sexdaw, MD

Mijana Sazdroy, MO

wana foban, MO

Jadmnia Radman, WD
ficeands fesandid Fasevoll, MD
Wanda Wik MD

Viskoslava Amarifaiad, MD
Ljliana Lubé-dampatad, MD
Lugana Matar-Defda MD
Duwavia Margaresic, MD
Dawodka Martindiowit, MD
Toderka Metrowd, W10

Harla Tudia, MD

HMarata Mrdullat-Ouss, MD
Ao ines Divvinad Ligica MD, P
i Balinr WD

GOLD @ and GOLD 1) in the population at risk for

COPD and in the general population.
MARKQ is a two phase study: Phase [ - a cross-

sectional; Phase [l - prospective, observational, non-

interventional cohort study. Flow diagram of subjects
through the MAREKD stody is presented in Fig 1 and
all the assessments during the study are summarized
in Table 2
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PHASE |

[ General practiionen’ offices
=00

Snokersfox smokers
=20 pack-ypars, both sexes,
A0-G5 yeary

Lt o fellaw-up

Jl-awenks

Tertiary care hospitals
Lt

Pulmanolegisl assessmant
COPD dizgrakis and ity

Ganeral practitioners” affices

Limg Fupctian hallow-1 [COPD-B)
Ewery B manths

Lost to follow-up

2 years folow-up '—7

H=G0

Tertiary care hospitals
M=500

Pulmonnioglst assesamant
COPD dagriosis and severity =

5§ years oloa-up l—_

Last to Fallew-up
h=50

Tertiary cars heapitals
M=z

Pulmanciogist assessment
COPD disgrosls and severity

Fig. 1 Fow cham of subjocs. Teoasah the MATND sy
LN

J

In Phase [ up o 700 subjects will be recruited with the
risk of OOPD by 25 GPS offices (representing 25 GPs)
in and around 4 major cities. Patients were approached
by their GP during any (unrelated to respiratory prob-
lems) visit to the GPs office if they were smokers or ex-
smokers of the predefined age group for the study and
were prescreened for inclusion fexclision criteria using a
structured interview. Eligible patients were given the
Informed consent document with enough time to read it
and to discoss any relevant ssues regarding the study
before consenting.  All  participants  signed written
consent for the follow-up study, and separately for bic-
banking of blood for omics (DNA, BNA, serum and
plasma) before taking part in the study and before any
procedure was done. Inclusion coteria for the study
were defined as: written consent smiokers fex-smokers;

both sexes; aged 40-65 years at inclusion; smoking his-
tory of at least 20 pack-years (calculated as a number of
cigarettes smoked per day muoltiplied by the number of
years of smoking divided by 20); and no previous diag-
mosis of COPD. Exclusion criteria were defined as: any
clinically relevant chronic disease (cardiovascular, cere-
brovascular, diabetes, hepatitis, nephropathy, chronic
dialysis, systemic disorder, cancer) significantly affecting
HECL; ongoing immuonosuppressive therapy; preceding
acute respiratory disease 4 weeks before inclusion;
hospitalization for any reason during the past 3 months;
myocardial infarction (MI), cerebrovascular infarction
(CVD) or transient ischemic attack (TIA) during the past
& months; diagnosis of asthma; and an inability o
perform the diagnostic protocol. Exclusion criteria were
introduced in order not to exclude patients with
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Table I List of subjects’ swessment through different stages of MARKD study

ALSERSTenT

Tima/ pace

v 24 [+ 12 13 o} 6

¥
3
3
3
=
3

Prescmianing
nfoimyedd comsant
L e R e
M AR e T e
AT
G0
HETy
Mhysica
£8T bafe and after cigarerts
Lund function
oPe™
Splrometny with beomchodianor tes
mpude osciomeTy”
Lueney diffiesion capacing
By plathys modrsping®
HBood sampling (remamiogy, ohly sersitve Cresmve proneing Diood
snoeed far DA, A, plasma and serum P
FuneTiona sasicie capacty (S-minama walk tes)

COPD diagnes

A

E
E S - S
b A

A &

Logend: w - week, m - month, &F - general practtione fs office, P - pulmonologist 2t tertizry e hospital, CAT - C0PD Assesomaent Test, SGAQ - S5t Geomge

Aespratory Cuestiormase, BT - echaded breath temperaie
“impuke oscibmety and body plethysmog=phy wes done only in one center

Floaad sampling was dane anly in subject fiat signed additomal infammed consent

comorbidities common in COPD, but to exclude those
that represent acute/subacute clinical states/(disorders or
states of recovery from major clinical disorders repre-
senting an absolute or relative contraindication for
spirometry or significantly influencing the diagnostic
process or an already present diapgnosis of respiratory
disorder (e.g, asthma) After inclusion patients fill out
the self-applicable MARKQ questionnaire in the GP%
office and measorement of lung function s done using
COFPD-6" (4000 COFD-6" Respiratory Monitor, Vimlo-
graph Ltd, Buckingham, UK) recording the valies of
forced expiratory volume in 1 s (FEV,), forced expiratory
volume in & 5 FEV; - a8 a surrogate marker of forced
vilal capacity [FVC]), FEV,/FEV, (as a surrogate marker
of FEV1/FVC), and lung age. Two to 4 weeks after inclu-
sion eligible patients are referred to one of the 7 tertiary
hospital research centers, to a designated team consisting
of & pulmonologist, research nurse and lung function B-
boratory technician where a structured diagnostic workup
consisting of the MARKD questionnaire HRCol. ques-
tionnaires (SGRO) and CAT), structured history and phoys-
ical, exhaled breath temperature (EBET) before (EBTH) and

after a smoked cigarette (EBTc), lung fmction testing with
bronchodilator (salbutamol), impulse oscilometry (only
in one center), ung diffusion capacity (Dloo), body
plethysmography (only in one center], blood sampling
[hematology; highly sensitive C-reactive protan [hs-CRP];
blood for DMNA, ENA, plasma and serum), functicenal -
ercise capacity using G-min walk test (6MWT), ending
with the assessment for diagnosis and sevenity of COPD
according to the Global Initiative for Chronic Obstroctive
Lung Disease (GOLD) and according to the American
Thoracic Society/European Respiratory Society [ATS/
ERS) recommendation for airvay limitation using lower
level of normal (LLM) [6, 14].

In Phase [l up to 500 sobjects will be recruited from
Phase I, assessed by designated pulmonologists as
‘healthy’ smokers, symptomatic smokers (GOLD () and
as COPD GOLD 1. Selected subjects will be followed for
at least 5 years; first assessment after 2 years (+2 months)
and the second 5 years (+2 months) after the baseline.
During the first 2 years of follow-op all subjects will
have regular lung function measurement using COPD-
6™ at their GPs office in 6 month intervals. All subjects
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will be assessed by the same polmonologist for diagnosis
and severity of COPD according to GOLD and ATS/ERS
after 2 and 5 years for the progression of disease defined
by three outcome measures: (1) newly diagnosed COPD
(ND COPDY); (2) disease progression (DF; newly diapg-
nosed COPD + progression to higher severity stage); and
(3) high rate of loss of Iung fonction (LolF; >70 mL(year
for post bronchodilator FEV, ). Incidence of newly diag-
nosed COPD after 2- and 5years of Bllow op will be
used to identify diagnostic parameters that are most sen-
siive for early impairment in COPDY, to determine the
predictability of developed screening MARKO question-
naire alone or with other markers of early impairment in
COFD. Blood samples from 2 subsample of patients who
give the consent for omics research will be used to
develop omics markers predictive for the future develop-
ment of COPD and disease progression.

This research will attempt to answer to following
guestions: (1) can we identify cheap and simple tools
that will allow a precise and accurate identification of
subjects from a population at risk of developing COPD
in the future; (2] & there a combinaton (pattern) of
tools, functional pammeters, genetic and biochemical
markers that can reliably predict the development of
COPD in a population at risk, thus allowing early
interventon.

Methods

Screening guestionnaire (MARKO guestionnaire)

The MARKQ guestionnaire is a newly constructed
HRCoL questonnaire developed by a group of experts
three experienced pulmonologists (2%, DE PMAC) and
two psychologists (BRV and AKD). The questionnaire
comprises 18 questions covering the manifestation and
frequency of the symptoms already present at early
stges of COPD that could impact the HRQoL in pa-
tients. The participants were asked to rate the frequency
of their symptoms over a designated pericd of time (eg.,
over the past three months for coughing, shortness of
breath, expectoration, and over the past 12 months for
pulmonary infections). They also rated their breathing
guality and general health status. Forthermore, they re-
ported on shorness of breath during daily life activities
requiring different physical strain, and compared their
physical abilities and Gtigue with respect to their ref-
erential age group. The total scores ranged from @ to
57 points, where the higher scores indicated poorer
HECoL..

Other HRQoL guestionnaires

HROoL will be additonally assessed using 2 standard
questionnaires; 5t George Respiratory  Cluestionnaire
(SGRQ) and COPD Assessment Test (CAT). The 55RQ
is a standardized self-administered airways disease-spe cific
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questionnaire divided into three subsales: symptoms (8
iterms), activity (16 iterns), and impacts (26 items). SGRC)
scores were calculated using score calculation algorithmes
gnd missing data mputation (if the total number of miss-
ing items was <10) using the Excel® SGRO) calcolator. For
each sobscale and for the overall questionnaire, scores
range from zero (no mpairment) to 100 (maxmum im-
pairment) [10, 11]. The CAT is a validated, short (8-item)
and simple patient completed questionnaire, with good
discriminant properties, developed for use in roatine
clinical practice to measure the health status of patients
with COPD. Every item has a scale of 0-5 so the
scorng range is from zero (no impairment) to 40 (max-
imum impairment] [13]. Both HRECQol questicnnaires
were self-completed by patients before any other pro-
cedure was done and after the MARED questionnaire,

Lung function

Spirometry was performed using computerized preumo-
tachographs (Jasger®, CareFusion, CA, USA) using the
same procedure at all clinical sites {lung functon labs at
tertiary hospitals) in agreement with the ATS/ERS
standardization [15]. The best of three technically satis-
factory efforts was recorded. Bronchodilator test was
done with repeated spirometry 2 min after inhalation
of 400 mcg of salbutamol wsing the inhalaton chamber.
Spirometric parameters (FVC, FEV,;, FEV/FVC ratio,
peak expiratory Bow [PEF], forced expiratory flow
between 25 amd 75% FVC [FEF; »:]) were recorded as
ahsolute values and as percentage of predicted according
to Quanjer [16].

Impulse oscillometry (105) was done using Jacger
MasterScreen 105 (Viasys Healtheare, Inc, Yorba Linda,
USA) for measuwrements of respiratory system impedance
gocording to ATS/ERS recommendations and the follow-
ing K35 data were collected: resistance of the respiraooy
systemn at 5 Hz (Rs) and 20 Hz (Ray) 2nd reactance at 5 Hz
[X5) [17] Results were analyzed as absolute values and as
percentages of predicted valoes (%) according to reference
equations provided by the manufacturer [18],

Lung volume stodies were carred out using a body-
plethysmograph (Ganzhom, Germany) according to ATS/
ERS recommendations [19]. The following parameters
were analyzed: arway resistance (RAW), expiratory airway
resistance (RAWex), total lung capacity (TLC), residual
volurme (RV) and the BV/TLC ratio and expressed as
percentages of predicted values according to ATS/ERS
recommendations [19, 20].

Single-breath diffusing capacity of the lung for carkon
monoxdde [Dlen) was measured osing a rapid carbon
monodde and helium analyzer (Ganzhorm, Germany),
which was calibrated prior to each measurement. Yalues
for DLy and DL commected for alveolar volume (V)
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[DLeodVa] were obtzined and are reported as percent
predicted valuwes [21].

Exhaled breath temperature

EBT was messured using X-Halo® device (Delmedica
Investments, Singapore] according to previously vali-
dated method [22]. Patients were requested to inhale
freely through the nose and to exhale through the
mouth into the device at a rate and depth typical of their
normal tidal breathing pattern. The manewver was con-
tinned until the software of the instrument indicated
that the measured value was stable, thus fulfilling the
criteria of a previously described mathematical model.
The tests were carried out at room temperature of 19-
25 °C, and at relative humidity of 3-600% in the lung
functicn lab where the atmosphere is controlled and
measured. EBT was measured twice on the same occa-
sion (during the inital visit); (1) baseline measurement
before any other procedure {(long function, bronchodils-
tor test, GMWT) at least 1 h after the last smoked
cigarette (EBETh) and (2) done only in active smokers
15 min after a smoked cigarette (EBTc) and recorded
with precision of 1/100 of a "C. No other procedure
apart from cigarette smoking was carried out between
the two EBT measurements.

Blood sampling and storage
Before initializing the sample colecton process, it was
important to ensure the correct order of blood collec-
tion. The PAXgene blood RNA tube had to be the last
tube drawn in the study precedure process. Before sam-
ple collection, all tubes were labeled with patient identi-
fication number. Blood samples for serum were drawn at
minimal volume of 3 ml in serum separation vacuum
tubes (containing 7 Serum Clot Activator gel) and sent to
the laboratory. Samples were kept at room temperature
for at least 30 min, but had to be processed within 2 h of
blood collection. Upon centrifugation at 3000 rpm for
10 min, a minimum of 300 pl of serum was separated for
further detection of hs-CRP level The rest of the serum
samiple from every subjedt was transferred to a cryotube
vial and stored at -20 °C

Bleod samples for plasma were drawn at minimal vol-
ume of 3 mlin K2EDTA vacuum blood collection tubes
and were inverted several Hmes to ensure proper mixing
of additive with bloed. Samples were sent to the labora-
tory where 200 pl of blood was separated for the pur-
pose of complete blood cell hematological analysis. The
remaining blood volume was kept at room temperature
for at least 30 min, but had to be processed within
2 h of blooed collection. Samples were then centri-
fuged at 3500 rpm for 10 min. The plasma sample
from every subject was transferred to a cryotube vial
and stored at -2 C.
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Blood samples for DNA extraction were drawn at min-
imal volume of 2 ml in K2EDTA vacoum blood collec-
tion tubes and were inverted several times to ensure
proper mixing of the additive with blood. Samples were
sent to the laboratory where they were kept at room
temperature for 30 min, and inverted again before their
transfer to a cryotube vial which was stored at 20 *C.

Blood samples for BMA extraction were drawn at volume
of 25 ml in PANgene blood RNA tubes, which were kept
at room temperature prior to use. After blood collection,
the PAXgene blood ENA tubes were immediately gently
inverted 8-10 times to ensure proper midng of additive
with blood, after which they were stored at —20°C.

Lahoratory analyses were done in local hboratories
and included complete blood count, white blood cells
differential count, hematocrit, hemoglobin and hs-CRP.

Functional exercise capacity was assessed osing 6MWT
according to the ATS guidelines and expressed as walked
distance in meters and as % of predicted according to
Trooster et al. [23, 24].

Data analyses

Data analyses are envisaged using STATISTICA version
12 (StatSoft, Inc., OF, USA), MedCale Statistcal Software
version 16.8.4 (MedCalc Software bvba, Ostend, Belgium;
https: { fwwwmedcalcorg; 2005) and RUMM2050 (RUNMM
Laboratory, Perth, Anstralia). Sample size calcubtion was
done hased on the following assomptions: we expected to
find 25% patients in different stages of COFD according
to the airflow limitation. We therefore expected that the
sample would consist of 75% of healthy' and symptomatic
smokers, 125% patients with COPD GOLD 1, 625% in
GOLD 2 and 6.25% in GOLD 3 or 4 stages at initial visit
with the expeced difference in the MARKO guestionnaire
scores of 2 points and 5D od 25 points between
‘healthy’ smokers vs. symptomatic smokers vs, COPD
GOLD 1/2 having a statistical power of =B with
alpha = (L05 for the sample size of at least 500 subjects.
The expected yearly incidence rate for GOLD 1 and
progression from GOLD 1 to GOLD 2 is planned at 10/
per 144 patient- years.

Phase | data analysis will primarily focus on primary val-
idation of the MARKO guestonnaire (its psychometric
characteristics), convergent and discriminant validity com-
paring data between different subgroups and with other
HROoL questionnaires (CAT and SGRON. Categorical data
will be compared between subgroups using chi-square test
or Fisher exact test and continnous variables nsing Mann-
Whitney (f-test and Kruskal-Wallis ANOVA (non-normal
distribution expected). Metric characteristics of the
MARKD questionnaire will also be analyzed uwsing
Cronbach’s alpha, Lin's concordance and Spearman's
correlation coefficients, analyring inmer consistency,
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test-retest reliahility, and association with other mea-
sures of HRCoL and health statos.

Phase II data analysis will focus on secondary valid-
ation of the MARK(Q guestionnaire to determine the
construct validity and predictability (alone or in combin-
ation with other markers) for future development and/or
progression of COPD. Construct validity of the MARKO
questionngire will be assessed using factorial analysis to
confirm the number of factors the qoestionnaire is
measuring with calcolations of inter- and intracorrela-
tions between the factors and iterns. Primary objective
will be to create a questionnaire with the smallest num-
ber of items with reliable predictive properties. [dentify-
ing items for potential deletion will be based on a
hierarchical process: age and sex bias, floor and ceiling
effects, item to total correlation and tests of redundancy
(inter-item correlation). Rasch analysis will be wsed to
identify iterns with the best fit to a predicive model
Utility of different markers for disease progression will
be assessed using generalized linear/ nonlinear regression
models and expressed as odds ratio (OR) with 95% con-
fidence intervals (CIs). Predictive power for the models
will be presented wsing receiver operator curve (RCHC)
analysis with AUC [with 95% Cls) together with associ-
ated criterion, sensitivity, specificity and positive (PEV)
and negative predictive (WNPV) values. P<005 will be
used as statistically significant for all analyses with
correction for multiple comparisoens,

Discussion

This is one of the first cohort studies attempting to es-
tablish the predictors and incidence of COPD in pre-
symptomatic stage before clinical diagnosis and clinically
documented end organ damage. Having in mind the
progressive nature of COPD with high morbidity and
early mortality, our aim & to try o develop and identify
simple tools and markers or a pattern of the afore men-
tioned in order o allow diagnosis as early as possible,
before a significant fall in long function. The problem
when using lung function for diagnosing COPD lies in
the significant variability of what represents nocmal (ref-
erence) values and the need for a significant expertise in
providing technically appropriate measurement, thus
limiting its use for screening purposes or making an
early diagnosis [13, 14, 25]. Numerous studies have been
focused on testing simple screening tooks (gquestonnaires
and/or simplified flow measurement devices) for already
developed COPD, in order to surpass the limitations of
spirometry obtaining a specificity of up to 84.4%, with in-
adequate blinding between an index test and spirometry
being a major source of hias in these studies [26], We have
managed to surpass this major bias vsing the subsample
from Phase | of the MARKO study and showing that hung
function testing with COPD-67 can substitute spirometry
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testing in cases where it is not readily available to the pa-
tient/physician, but bearing in mind that the tradiional
cutoff value of <07 for FEV/FEV, ratio, cannot be the
only criterion for COPD dingnosis and//or further referral
[27]. Early diagnosis and early intervention (based on data
from pathophysiological studies) is highly advocated and
studies already starting chronic bronchodilator freatment
in early stages of COPD (in GOLD stages 1 and 2) have
been initisted [7, 28-30). In order for it to be possible o
intervene even earlier in the course of disease, with inter-
vention being specific (not harmful), it is very important
for methodis) to be developed to be highly specific in
identfying subjects that will develop COPD. Genetic test-
ing in studies like UK BiLEVE, using large population
samples, showed that contrary to previous genetic studies
significant genetic signals predictive for COPD irres pect-
ive of smoking can be picked up, identifying specific
mechanisms underlying airflow limitation [8]. However
these data should be further confirmed wsing othe popu-
lations and follow-up.

Phase [ of the MARKD study will be used to test the
psychometric characteristics of the MARKO gquestion-
naire; to evaluate disciminative power of the MARKO
questionnaire together with COPD-6" measurements be-
twem different developmental stages of COPDy; to identify
diagnostic parameters that are most sensitive for early im-
pairment in COPD (discrimina te between COFD GOLD 0
and 1}; to compare the MARKO questionnaire with other
measures used to evaluate patients (HROoL, history, phys-
ical, lung function, functional capacity); and to assess the
prevalence of different stages of COPD (specifically GOLD
0 and 1) in the population at risk for COPD. Preliminary
data from Phase I of initial validation of the MARKO
questionnaire showed the potential for the MARKO ques-
tionnaire to assess early health status changes in smokers
at risk for chronic obstructive pulmonary disease [31]
Although exclusion criteria were miroduced to exduode
subjects with acute/subacute clinical disorders oc states of
recovery from major clinical disorders representing an
absolute or relative contraindication for spirometry or
significantly influencing the diagnostic process, the
data analysis showed that more than half (56.3%) of
the recruited subjects had one or more (up to 3) co-
morhidities (28.6% hypertension, 1% dyslipidemnia,
52% diabetes and 49% peptic syndrome, etc.) [31).

Phase Il of the MARKO study will be used to test the
primary endpoint of the stedy: to validate the MARKQ
questionnaire as & tool to be ased alone or combined with
other markers in identifying subjects at risk (smokers/ex-
smokers with rdevant exposure to tobacco smoke) who will
develop COPD during the follow-up. Based on previously
published data that EBT could be a sensitive marker of
airways inflammation [21] we introduced it as a possible
predictive marker for future COPD. Recently published
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data from Carpagnano GE e al, and from our group (pre-
liminary data from the MARKQ study) showed the sensitiv-
ity of EET to cigarette smoke and the potential to predict
ﬂh;mdeuahpmﬁuffﬂﬂinnmmtsmﬂm[ﬁﬂ,ﬁ].
All other parameters were messured/gathered at the
start of the study for a detailed phenotype/endotype of
recruited subjects and as possible predictive markers
furﬁ.ltm*eCOFD,

a.rlhcl;.la-te that the hiARKD study w‘ﬂI g.“! ws
power of a newly developad HROoL. tool [MARKCQ gues-
tinnnaire] alone; or in combination with other markers,
such as EBT (using new protocol of assessment) [33], lung
function, 60MWT, penomics, transciptomics, probeomics.
We believe that the results of this study will improve our
understanding of the development of COPD, iden tify some
underlying pathophysiological pathways, and offer to sen-
sitive smokers/ex-smokers the possibility of an earlier
intervention, thus improving the management of COPD.
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3.2. Development and the initial validation of a new self-administered questionnaire for an early
detection of health status changes in smokers at risk for chronic obstructive pulmonary disease

(MARKO questionnaire).

LIFESTYLE RESKS

Cram Med | 2ELG-S7A25-23
fimpsscol cop $0 3325/ e m) 2046 £F425

Development and the initial
validation of a new self-
administered questionnaire
for an early detection of health
status changes in smokers

at risk for chronic obstructive
pulmonary disease [MARKD
questionnaire]

Aim To gevelop and do an initial valication of 2 new simple
toal (sef-administered questionnaire) that would be sans-
tiviz and specific enough o detect eary changes in smokears
leading to future development of chronic obstructive pul-
morary disease (COPD).

Methods 774 consecutive participants (50.9% women), with
rszant standard deviation age of 52.346.7 years, 375+ 16.7
pack-years smcking history [85.8% active smakers), and no
prioe dizgresis of COPD were recruited. The MARKD gues-
tianraire wes seif-adminisered twice; at the general practi-
toners office and after 24 weeks at the tertiary care hospi-
tal. Participants were assessed for DOPD bya pulmonologist
after filling in a quality of fife (QDol) questionnaires, histary-
taking, phwsical examination, lung function test, &-manuts
walk test, and laboratory tests They werne divided into four
subgroups: “healthy” smokers, symptomatic smokers, and
smickers with mild and moderately severe COPDL

Results Psychometric analyses indicated that the 18-#em
questionnaire had a very good internal consistency [Crone
hach’ alpha =097} and test-retest reliabifity for a four wesk
period {pc=0.8%, %5% confidence interval [O] 0.85-0.92, Links
concoudance). A significant correlations of MARRD scores
were found with two Dol questionnaines; r=06% (P< 0001}
and r=081 [F<O00T), Receiver operating characieristic
curve analysis showed an area under the cunve of 0,753
(5% 0 0691-0.808, P 0001), with a sensithiny of 71.83%
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LIFESTYLE RISKS

Chnanic chstructive pulmonary dissase [COPD} s one of the
misjor causes of cheonic morbidity and maortality throwgh-
out the world (1), Millions of people sutfer from this dizease
for wears, and die prematurely from it or its complications,
thus producing a significant impact on the health cre sys-
term and econamy. Since COPD & a preventable and treat -
able dizease, sarly detection is very important (1,2, Chronic
airflow limitation, which is a major chamcteristic of TOPD, is
caused by & mixture of small-airways lesicrs and parenchy-
ma destruction caused by chronic inflammation. According
o the Global Inftiative for Chronic Obstructive Lung Dizease
({GOLDY, to establish the disgnosis, the patient has o have
a sghihcant exposure, charactenstic symptoms, and a sig-
nificart degree of airflow limitation (Tifeneauw index <07
{1}. American Thoracic SocietyEuropean Respiratory Sodi-
ety [ATS/ERS) use even maore stringent aiteria for a signifi-
cant airflow limitation based on the lower Emit of nocmal
{LLM), arguing that using a single point oiteria for all age
groups significantly under- ar overestimates the inddence
and prevalence of COPD in different age groups (3. On the
other hand, pathophysiological changes, symiptoms, and
diminished health related quality of life (HRQoL) often pre-
cede clinically significant sirflow limitation (1) Even though
cigarette smoking & the major cause of COPD, only a frac-
tion {<1/3) of the smokers develop the disezse Based on
the recently pubdished data from a subsample in = 50008} of
tha UK Biobank, there are significant shared genetic mecha-
risms underlying airway fimitation, TOPD, and smioking ad-
diction (4}. Despite recommensdations for an eary dizgnosis
(1,7, up until nowy, there have been no predictive params-
ters 1o evaluate the risk for developing COPDn a particular
person exposed o tobacco smoke. Interdisaplinany Asso-
ciation for Reseanch in Lung Disease [Assodazions Scientifi-
= Interdisciplinare per lo Studio defle Malattie Respiratorie,
AIMAR] guidetines recommend wsing a stepwise approadh
that starts with the screening questionnaire as s first step in
the identihication of a high rizk population. Already validat-
ed HRCoL questionnaires [ike 5t George Respiratory Ques-
tionnaire {$GR) or COPD Assessment Tesz {CAT) have not
been devedoped and validated for sisch a purpose (5.6). The
aim of our study wes to construct, develop, and conduct
an initial validation of a new simple tool (self-adminisered
guestionnaiie) thatl would be sensitive and specific encugh
to detect early changes in smokers |leading to future devel-
opment of COPLL

METHODS

This study was a part of broader research project "Ear-
|y Detection of COPD Patierds in GOLD D [Smokers)

WA Cmf fer
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Population — MARKD Project” The details of the protoool
of the MARKO project can be found at hittpsyiclinicaln-
alsgoe/ct2AshowyMICTO T 5506 79, The: study was spproved
by the Chilldren's Hospital Srebenjak Ethics Committee and
coenducted accarding to the most recent version of the
Diedlamation of Helsinki, Good Clinical Practice, and other
relevart international and natioral lews: All participants
signed the Informed consent before starting any proce-
dure related 1o the study.

Filat study for understanding/comprehension

A cross-sectional study was conducted in 2009 on a primary
carelevel inalarge city (Zagreb and surmoundings) 1o assess
the prevalence af COPDL A subgroup of 138 patients of bath
sexes was chosen based on & previously disgnosed COFD
forthis pilot study. The study was undertaken through 17
general praciitioners' [GF) offices that possessed the COPD-
&™ pocket screening spiromeser (4000 COPT-6™ Respia-
wory Monitor, Vitalograph Ltd, Buckingham, LUK}

The GPs were asked 1o collect the data on all the patients
who were active smokers with =20 pack-years smoking his-
tory and over 40 years of age, imespective of the reason of
their visit, sbout their chronic respiratory conditions ndud-
ing COFD, asthmia. of any other respitstory condition, resps-
ratory themapy, and exacerbations during the past year They
were also asked to measure lung function using the COPD-
E™ (forcad expiratory volume in 1 second [FEV,], forced ex-
pirztory volume in & seconds [FEV,] as a surmogate measure
for forced vital capacity [FVC] FEV /FEV, ratio, and lung ags).
Pabients {n=138) with COPD assessed the resdability and
comprehension of the MARKD questionnaine ftems. Each of
the T8 iterms in MARKD questionraire was rated an a scale
fram 14 {1 meaning lowest level of undersandingfoompra-
hension and 4 meaning the complete understandingcom-
prehension of each tem) (Supplementary matcnal),

Validation study

Participants. The study conducted between 2010-2013
mciuded 2324 consecutive participants (50.9% women)
with mean+siandard devistion age of 523 £6.7 years and
3754167 pack-years smoking history (B5B% active smiok-
ers). They wene recruited at 15 GP offices representing an
equal number of GPs in two major dties {Zagreb and sur-
roundings 7 GPs, Sphit and surroundings 8 GPs). The partic-
panis were approached by their GPs duing a random visit
o their office {niot related to respiratory problems) if they
ware smokars of ex-smokers of the predefired age group
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The pre-soreening Tor inclusion/exclusion criteria was con-
ducted through a structured interview: The inchusion criee-
ria weriz that participants have to have signed the wiitten
consent; be smokers/eie-smiokars of either sex aged 4065
years with a smoking history of at least 20 pack-vears-{cal-
culated as the number of cgarettes smoked per day mault-
plied by the number of years of smoking divided by 20); and
have no previous disgnosis of COPD The exclusion oitariz
were any dinically relevant chronic disesse (cardiovascular,
cerchrovascular, disbetes, hepatitis, nephropathy, chronic
dialysis, systernic disorder, cancer) signihamly affeciing
QoL at the time of the frst visit immunosuppressive ther-
apy; preceding aoute respiratory disease four weseks before
the visit; hospitalization far any reason during past three
manths; myomdial inflzrdion, cerebrovascudar infarction
of transient ischemic attack during past six months; diag-
riosis of asthma and an inability to perform the diagnostic
protoco, After the disgnostic workup participants were di-
vided into four subgroups defined as "healthy” smokers (no
respiratory symptoms: and FEV/FVC207, n=72), symp-
tomatic smckers {(chronic respiratory symptoms as dysp-
ne=a, cough andfor sputum production and FEV /AVC=07,
n= 110}, COPD GOLD 1 [chronic respiratony symptams,
FEV MWC<0.7 and FEV, =30% medicted, n=23), and COPD
GOLD 2 (chronic respiratory symptoms, FEV, (FYC<0. and
FEV, <80% and =50% predicied, n=19} 1)

Measuring instruments

The MARKD questioninaire was corstructed and developed
iri the Croatian langusge for the purpose of this study by
a group of experts; three medical doctors {pulmonologists
2, DP and PMAL) and two psychologists ([BRV, AKE). 1t was
construcied in the Croatian language because the whole
MARKD stady was planned and performied in Croatia and
did not involve participants from other countries. The
questionnaire comprised 18 guestions covering the mani-
festation and frequency of the symptoms present at the
early stages of the COFD that could impact the patients’
HROoL The participants were asked 1o rate the requency
aof their symptoms over 2 designated period of time {eg,
over past three months for coughing, shorness of breath,
expectoration, and over past 12 months for pulmonary in-
fections). They also rated their breathing quality and gen-
eral health status Furthermone, thay reported on the shart-
riess of breath during daily life activities requiring different
physical strain. 2nd compared their physical ahilities and
fatigue with respect to their referential 2ge group. The tatal
scores ranged from O to 57 points, with the higher scores
indicating poorar HRQeL

CAT is a validated, short (8-iterm), and simple sell-admini-
tered questionnaine, with good discriminant properties, de-
weloped for use in routine clinical practice 1o measure the
health status of patents with COPD (6). The test was de-
waloped wsing Rasch analysis ac a singhe dimensional con-
struct. Internal consistency was excellent with Cronbach's
ao=088 and a good test-retess relishility (intradass comre-
lation coefhcient =08). Every tem & rated on a six point
scate from O to 5. Total scores range from O findicating no
imipairment} o 40 (indicating mesimum impairment). [tis
openly accesible and available in more than &0 lznguag-
5. It was validated in & différent countriss using 4 different
larguages and translated 1o the Croatian language using
an internationally recommended procedure (7).

SGRO was designed to measure the overall haalth sta:
tus and webl-being of the patients with obstructive air-
ways disease (51 It i 2 standardived self-administered
airways discase-spechic guestionnaire divided into three
domains symptoms (8 iterms), activity (16 items), and im-
pacis (26 items). intemal consistency {Cronbachs o) for
these darnains for COPD was 061, 090, ard 088, respec-
tively. For each domain and for the overall questionnaira,
scones range from zeno {no impairment} to 100 (maximum
impairment). The guestionnzire & available in more than
70 languages and openly accessible. SERG was not previ-
ously validated for the Croztian lznguage but was translat-
ed using an imernational recommended procedure and
used widehy in maryy COFD clinical trials in Croatia (7). The
SGR{ scores inour study were caloulated using score cal-
culation algarithms and missing data imputation (iF total
nurnber of mizsing Tems was =10) using the Excel® SGRG
calculator.

Procedurs

The purpase of this initial validation was 1o understand the
basic psychometric characteristics of this newdy construct-
ed questionnaire and determine haw it comparnes to the al-
ready existing and validated HRQoL questionnaires used for
CioPD, like CAT and SGRG). Also it was imparant to under-
stand if the newdy developed guestionnaire discriminates
between all 4 subgroups of participants We also under-
stand that we have different domains and some redundant
guestions as they differ in the level of symploms severity.
They wete put into the construct on parpose because the
final evaluation wouwld be made based on the reswutts of par-
ticipants follow-up. The main purposa why this guestion-
naire was developed was to try to pick-up early changes

i HAC)od: that are peedictive for the future develop-
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ment of COFD in smokers at risk, of with a progression of
an sarty COPDL As there ars no up-to-date irstruments that
can be compared with this; the second validation will be
dore using Tollow-up data that will allow us o discard re-
dundant guestions and fully analyze the construct validiny
of MARKD guesticnnaire. The MARKD questionnaire was
salf-zdministered twice in a validation study; first at the GPs
office and after 2-4 weeks at the tertiary care hospital dur-
ing pulmanalogists sssessment. During the pulmanalo-
gist’s assessment the stalf and the participant were blinded
fior the results of MARKD questionnaire obtained azthe G
office. At the tertiary care hospital particpants were referred
to a designated tearmn corsisting of a pulmonologist, soudy
nurse, and lung function laborstory technician. They hllad
in the seff-administered MARKD quessionnaire followed by
CAT and SGRCL after which they went through a structured
and predefined diagnastic warkup {history-taking, physic]
examination, lung function with bronchodilator test, 6-min

ute walk test, laboratory tests) to determine the disgnosis
and staging of their COPD accarding to the GOLD and were
divided in four subgroups that were wed for further com-
pafisons as previcusdy described (1)

Data analyses

Data analyses were conducted using STATISTICAversion 12
{Statsoft, Inc, OK, USA) and MedCalc Statistical Software
version 15.8 (MedCalc Software bvba, Ostend, Belgium).
Categorical data are presented as absohute numbers and
percentages. Quarntitative data are expressed as mean and
standard deviation (50) or median and interquartile range
{1C30. Mormality of diszribution was assessed wsing Kalm-
ogorow-Smirnov test. Metric charactenistics of the MARKD
questionnaire were analyzed using Cronbach’ alpha, Lins
concordance, and Pearson or Spearman's comelation coaf-
ficierts anahyzing inmer consistency, test-retest reliability,
and assodation with other mezsures of HROoL and health
status, Categornical data were compared between groups
wsing 7 test and continuous variables using ¢ test or
Kruskal-Wallis ANOVA. Discriminative powsar of the MARKD
guestionnaire was analyzed wsing receiver operator curve
(RO} enalysis and presented with area under the curve
{ALIC) (with 95% confdence intervals [C1) together with
the assocdated criterion automatically calculatad by statis-
tical software, sensitivity, specihdty, and positive PPV} and
negative predictive (NFY) values. For the main outcomes,
logistic regression anahysis with odds ratios (ORs) and 95%
s for the 18-itern MARKD guesticninaire was calculated.
P 005 was used as significant for all analyses with cor:
rection for multiple comparisons.
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RESULTS
Filot study

Results of the pilot study dane in 138 COPD patients (52.1%
wamen, 4.5 [107] years, 35.5 [255] pack-years) showed
thiat all 18 iterms of the MARKD questionnaire had a com-
parable comprehension scores. The average score for each
item was greater than 3.3 {out of maximum 4), meaning
the iterms were easy to understand The difference for com-
prehension between 18 items was not sigrificant {Fried-
rran AMOVA 3 [N=134, df = 1 7] = 2743, P=0051),

Validation study

Men and women were of comparable age (520 vs 526
years, P=0537) at the time of indusion but men smoked
sigrifcarily more (43.0vs 122 packyears, P<0001) and
were more likely tohave quit (P=00137), although most
participants-were curent smakers (85.8%;) (Table 1). Mare
than half of the participants of both sex {men, 56.4% vs
wormen, 56.1%, F=0.8400 had chronic disceders other than
respiratory and almost half of all participants were on some
chronic disease reatmient (42,7% vs 4319%, P=0562). Men
had a signifhcantly higher body mass index (275 vs 254
kg/m?, P<0007) with significantly higher systelic and di-
astolic blood pressure (P=0014, P=0003, respectively)
and a comparable heart rate [P=0751). Chronic or recur-
ring respiratary syrmptoms were present in more than 50%
of participants, with cough/sputum being present in ap
promimately half of therm and wheering in more than 209,
with ma significant difference betwesn sexes (P> 0300 for
all comparisons). Mo significant difference wes foand for
FEV, {P=0.620) and FEV,/FVC ratio (P=0066) but men had
significantly lower FYC [P=0.001) (Table 11

Peychometric analyses indicabed that the 18itermn gques-
tionnaire had a very good nternal consitency (Cronbach's
alpha =091} and test-retest reliability for a four week pe-
rind {po =085, 558 00 085092, Lin's concordance; =089,
a0 CHOES-0096, P 0001, Pearson correlation).

The isem-to-total correlations identified four guestions
whose coefhcients were fowsr than 0.50, and the scores:
of thiz revised 14-item warsion of the guestionnaire were
also tested and compared with the scores. of the 18-item
guestonnaine:

Internal corsistency of the 14-flem version was a bit better
{Cronbach’s alpha = 094), with a comparable test-retest re-
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liability for 2 four week period (pc="088, 95% 1 084091,
Lin's concordance; r= 0.88, 95% C1QUBT-095 P< 0001, Pear-
son comrefation). The median (KR} scores of the 18-and 14
item wersions of the MARKD questichnaire, CAT scares, and
SGRO scores and subgroup comparisons are presented in
Table 2_There were no sigrificant difererces in the soores
of both versions for sex (P>0.200 for both). The carrela-
tions of both scores with age were not significant {r <002,
£ 0800 for bath).

We found signifiamt moderate positive correlations of
MARKD scores with TAT scores of r=069 [90% O 059

0.79, P<0001) and 1=063 (95% C1 063-074, P<0001) for
the 18- ard 14-tem versions, respectively. Comiparable sig-
nificant moderate positive carrelations were found for the
18- and T4-item versions with the indihidual domains of
SGRG (Symptom score =069, 35% CI 0.59-079, F <0001
and r=059, 258 I 048-07, P< 0001, respectively; Activ-
ity scorc r={067, 95% O] D57-0.78, P<0001 and r=071,
95% O QAT-081, F<00D1, respectively; Impact score
r=0058, 95% O 058-0.7%, P <0001 and r=068, 95% 0057
078, P<D007, respectively). Strong - positive  correlations
woere found between MARKD scores and SGRO tofal score

CM)

[r=087,95% CI 0.73-0.89, P< 0001 for the 18-tem version;
=050, 95% CF 0.72-0.88, P< 0007 for the 14-em version).

Although analysis of variance was significant far between
group comparsans {thealthy”  smokers, symptomatic
srmakears, COPDGOLD 1, and COPD GOLD ) for all HRCoL
questicnnaires (MARKD, CAT, and SGRO, P<0001 for =),
only the 18-item MARKD questionnaite showed a sigrif-
cantly lower median score in “haalthy” smokers compared
to ather three groups (M =7 vs 13 vs 10 vs 18, P< 0007,
P=0.045 and P<0001, respectively; Table 2). Posti-hoc
analysis did not show a signihcant difference between oth-
er thiee groups (P > 0200 for all comparisons for all HRQoL
guestionnaires), ROC curve analysiz showed an ALC of
0,753 {95% O 0491 1o 0808, P<0001) with a sensitivity
of 71.83% and specificity of 64.34%, PPV 48.57%, and NPV
B2.97% fior the MARKD score ariterion of <10 for “healthy®
smokers. Using “healthy® smokers as the reference group,
1B-irem MARKD questionnaire showed an OR of 1.14 (95%
C1 108 to'1.20) For symptomatic smokers, OR of 1.10 (95%
C1 1.03 to 1.18) for COPD GOLD 1, ard OR of 1,17 @5% O
1.0 10 1.26) for COPD GOLD 2 for each additional point on
the scale (P <000 for all).

TABLE 1. Characteristics of participants recruited in a validation study (N=224)%'

Characteristics Total (M=224)
Age (years} 523167
Smoking history (pack-years) 751167
Ex-smokers A
Comaorbidities VEE6Y
Chronic treatment Gy 433
Body mass index (kg/m) 54141
Systadic blood pressure {mmHg) L6115
Dizstolic blood pressure {mmHag) a0+9
Heart rate {min’') BOx12
Respiratory symptoms 138 {61,6)
whes=zing 45 (1)
mugh 114 (509
ST 107 475
night awakenings 16171
chest pain 25 1.3
Respiratory sounds

50 133286
prolenged expiation 25(M3)
rhanchi 30034
Lung function (post bronchodilator

FVC 86 expectad) 1088+ 169
FEV, (% expected} 97152
FEVFVC i) TEOE6A

*FVC - forced vital capacity, FEV, - forced expiratary wolume in 1 s=cond.

Men (n=1109 Women in=114} B
SA0+ED S1ELEA s
B8 322+ 136 <[L00]
D@ 1@ Qoiz
62 6.4 64 (561 G840
& en S0435 D562
75139 254141 w0

126+ 174 W3+ 6 omd
HI+D Ta40 0003
TL13 BOL T 0751
66 (500 rpd i n&aT
iz Sl L | 26 (22 a7
5 (493) 60 {531} 0550
C53(4B.2) 34 A7 awg
o) (%] o3ny
e 14 (126 0572
330 30 {63 a7
1F{ILE 12 (s 0949
15038 150332 90E
0650+ 150 TBAL TS 0om
951+ 145 0.2+ 156 Q&2
TRILET TERLELD 0056

1l data are presented a5 mesn+50 or as number (%), Statistical significance for betwesn sex compasisons was tested wsing Hestor 3*-test
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TABLE 2. Scores for the MARKD questionnaine, COPD Assessment Test {CAT) and 5 Geonge Respiratory Questionnaires (SERO) accord-
ing to different subgroups®!

MARKD questionnaire o SGRO scores.
1&-item  14-item i SYMpIom activity impact total
AR N=224 NirEs BESIER 8 WMSEIAIA WIEAST  IGEIG  ESEIND
Range 0-4 o35 037 0:100 0706 0553 0565
Sex Man n=1100 oFn TEE BHAaD 606303 B2 ETA 42040 29
Women (n=114} 1afe-19 914 9 135344 Trafass) 3ITast NI
P 0362 w8 Wit 0805 097 0381 DS
Subgroups HS(n=72) TEM s S8 63{0143)  N2pIed 009 52 (18133
aftes S5 in=" 13E20f oiaEd iESP we{iaiiP 2Hedass) AT pCI4E  MTEE

dagrostlc  opEDIDY M= diEa BB O[T TAQEIE  204M2oes) S100E REEsah
warkip (OPOGOLDE =190 1800260 130E0 1S ESIE 297 0513870 733 D7d477 Talo08y 183 naEn

P <o <00 P 03 <0 <L <0001
oo i =182} TfeE 8@ 8413 WiEIEn Irdkass CIT0a0E N2-eg
yes fn=a7) a0 ESIES 9518 26543040 233 (1743580 766 TER{TEED
P 0008 oas o133 o254 026" 0oe8 il =i}
Smoking exsmokers =33 106519 BSHES FEA 63 (3168 L5{18356) 42108 155MEIA
active fn=157) n{rg s394 B{d-id) IE6EEA TAE3ES 3em-d . 2584
P Qs QEST el a2 Q54 w37 0533
Coemarbidities no =5 oEs) | 7SE5TE Al MAEIA WAE205 IB0N4 RERITY
yes (n=126) g B@a5 Bit13) 1 {E17S 233 h2ass 470133 X34
F 0336 o 0943 o474 A v Q57 a0
Thionic no =127 TaEH TEad B {413 WIBEINA wrEes 2gM0y neaand
regtment yecfn=o7) nWEE  BEE ol MO RIEL) IRS (2358 61 0048 Y (SR
P Qoas 0040 ikt 09 000z Qs ooms
Respiratory N = Ba) IsE4 sig 5 [0 630143  mspaasy o4 532 (9-144)
STPECNE. e =138} M@ 9518 0ES Z2RS{n3a 233 (12355 72048 isie
[ <0001 <0001 T <R Q3 <0001 <2001
Wheszing  po in=175 WEE TEEs T NiEEang Eieees 2iees gEE
e =5y 19{1525F 120998 MO0IE  JME{T6-458 205 (85430 103 {3981 214 a1274
P <0001 <0001 0001 000 <000 <0001 <001
Cheonicd o =110 TR VT B | 7 o fTEs 17iE2s odnad 6 5163
cough spUtLMyas =114 MOEA 9598 10 {516 FNa-405 24 (N2356) 7458 157 B9
P <0001 <0001 0001 20001 QLF <0001 <001
hight o =208 MiedE B Bl 2658050 E2EZE54 IO S Ed
awskenings  yes =141 O34 15E2E5F  17{13255 460020647265 (Ir2s3a) 00 (115  ZFO19-457)
]
P <0001 000E 000G | O <0001 <N
Chastpain' o =108 WE1s) FEad B3 NoAZE 7425 S3TEI03 NI Een
yas {n=25} 0053 el 3 e NTN53-294 MB23T-536 122 BE-257)153(157-36.5)
P <001 PTG <007 <0i0an <00 Lo <04
Fatigue no =160 S s34 6530 MAREWF 122035 BT TV EEAN
yes {n=64) 120435 s EEIE 27664%5) 358 R 137228 137 07300
P <0001 PLTi| <000 <0 <00 <31 <00
Soft note on no =151} e8] 8843 B3 AT EETEY 174f5005) IEDN4 NFASES
awstultation  yecfn=73) NE-19  BEa3 CIURED] NF R334 12AQESH IO G628
P 0786 BB 0.744 0.745 ;e oS ag16
Profonged mod=198) Wi 7Eaa CEIRE HeksaE  Pakbasd Io0N4 NZie08
BXpiration  yegfn=25) 1618250 WENl 956514 21007344 237024353 TADIRT T (52274
F 0007 (o0 1534 076 0325 iz 0BG
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TAHLE 2 Continued. Scores for the MARKD questionnaire, COPD Assessmant Test (CAT) and 5t' George Respiratory Questionnaire

(5GAC) according to different subgroups®’

MARKD questionnaire
184tem  14-tem
Rhonchi o in =104}

ToiE135) 763 Bi1-13)

SGRO scores

symptom activity impact total
N&EEE7E WAE3ES]  IBFLI08 MIEE9E

yes =3 185 (125 12 {19 1255517 2382200 1|5(5359) 103 0187 BIEIE

P <0 G004 oo

o0 0581 025 00

"Hi - “healthy” smokers/ex-smokers, 55 - symptomatic smokersex-smakers, COPD GOLD 1 - participants diagnosed with chronic ohstrctive
pulmonary desense (OOPD) with Tifeneow index <0.7 and forced ex pimtory volume @ 1 second (FEV j»80% predicted, COPD GOLD 1 - paricipants
dignosed as 008D with Tifereaw index <7 and FEV, <B0%: and 2508 predicted.

Al data are presented as median and mt=rquartie range (1JRA 2nd 23 mnge for the overall scores. Statistical significance for subg rowps compan-
sans was tested uzing Mann-Whitney U test for 2i independent variables except for 4 subgrowps according to dizgnoss after the diagnastic workup

that was tested wsing Krucks-Wallis ANOVA.

#Significantly differ=nt from HS (post-hoc analysisk FoD05
GSignificantly different from HS (post-hoc analysisl: #c D01,
IiSignificantly different from HS (post-hoc anadypsis): P <0001,

The T4-itern MARKD guestionnaire, CAT, and SGRC did not
show significantty different scores between *healthy " sevok-
ers and COPD GOLD 1 subgroups (P2 005 for all compari-
sons; Table 7). Alea the 18- and 14-item MARKD question-
raires were the only that significantly discriminated COPD
frorm non-COPD particpants (M =14vs 11, P=0008; 10 vs
& P=0015 Table 7). ROC curve analysis for the 1B-item
MARKD gquestionnaire showed an AUC of 0634 (95% O
0567 o Q.608, P=0004), with a sensitivity of £2.50% and
specificity of 49:45%, PPV 7137%. and NPV 85.71% far the
scare criterion of > 10 for COPOLWith each additional paint
on the scale of the 18-iterm MARKD guestionnaire, the odds
for COPD diagnosis significantly increased by 5% {08 105,
5% C1 1.07 to 1.08, F=0007 AUC for the 14-item MARKD
questionnaire was 0623 (25% O 0555 to OG6ET, P=0010)
Mthough the scores for other questionnaires were lower in
non-COPD participants, these differences were not sigrih-
cant (P09 for all)

Active smokers were significanty different from ex smiok-
ers only in the SGRO symptoms domain (M =166 vs 63,
P=1007%; Table 2). Having a comaorbidity did not produce
a significamly different score on any of the used question-
rgires (P> 0.1100, but using a chronic treatment for other
than respiratory dsorder produced a significantty different
soares for the 14-tem MARKD questionnaire (M=8 v 7,
P= 0040}, SGRG total scome (M = 14,7 vs 11, P=003), 535R0
activity demain (M =235 vs 171, P=0027);, and SGAC im-
pact domain (6.7 vs 2, F=0025; Table 2.

Ml Tour guestiormaires significantly discriminated [Table
7} between the subgrowps with or withowt chronic respi-
ratory sympioms (P<0007 for all comparisons), with or
without wheezing (P< 0007 for all comparisons), with ar

without chronic cough and sputum (P< 0007 for all com-
parizons), with or without night awakening (P <007 forall
comparisans], with or without chest pain (P<0007 for afl
comparisons), with or without fatigue (P< 0001 for all com-
parisans), ard with or without rhorchi during auscuitation
of lungs (F<008 for all comparisonst. ROC curve analysis
[or the 18-tern MARKD questionnaire showed an ALC of
0.B73 [95% C] 0827 o 0914, P<0001) with a sensilivity
of 100% and specificity of 47.70%, PPV 44.14%; and NPV
100% for the score criterion of >8 for fatigue: Wone of the
guestionmnaires (Table 2) significantly discriminated partici-
pants wilh a soft noise compared o normal noise during
auscultation (F>0.740), but the 18- and Td-itern MARKD
guestionnaires showed a significantly different soores for
thie probonged expiation (M =16 vs 10, P=0007; 10w 7,
P=0008; respactively). ROC curve analysis for the 18-item
MARKD questionnaire showed an AUC of 0.667 (95% O
0.596 1 0.737, P=0004), with a sensitivity of 56.00% and
specificity of 70.62%, PPV 2121%, and NPV 91.91% for the
score criterion of =14 for prolonged expiration.

CHSCUSSION

The main result of our initial validation study was that the
MARELD questionmaire showed expected properties in 2
setup and population of the intended use (8}, |t was val-
idated for comprehension and had a very good intemal
consistency and test-retest: mliability, with high conver-
gent validity comelation with the siready validated COPD
HROQol guestionnaires (SGRG and CAT). A very impartant
Anding was that MARKD guestionnaire better detected
early syrmiptomes in smckers than the other two question-
naites, significantly disciminating symptaomatic smok-
ers/ex-smokars and COPD patients from “healthy®
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smokersfex-smokers. Almost no differences were seen be-
tween the 14- and 18- item wersions of the MARKD ques-
tionnaire, with a significantly better result far the 18-tem
version only regarding discriminating other subgroups
fram “healthy” smokersfex-smokers. These: results: repra-
serit the first step and & prerequizite for further walidation
of the MARKD questionnaire regarding its prediclive pow-
er as an early marker of future development of COPD {as
a single marker or in combination) that can be used for
SCTEEning InE primany care seting,

Population screening for COPD i not a secommended
strateqy but early diagnosis in a population at risk-is high-
by recommended because of 2 high propeortion of wndi-
agnosed or lste diagnosed COPD associated with high
morbidity (1,27 Several approaiches for use in primary
care were tested but only 1o make an early disgnaosis of
the slready present COPD {10). The MARKD guestionnaire
showed comparable esulss regarding the disgniostic po-
tertial for COPDina primary care sesting tothe results of 3
metz-analysis of COPD Diagnostic Questicrnaire (C00) by
Haroon et al {10} However, rather than consiructing a di-
agnostic questicnnaire for COPD, our stm was to construct
a guestionnaire that could identify carly changesin HRGob
in-smokers leading 1o subseguent development of COPD
Having such an instrument could help in starting second-
ary prevention earlier or starting an early intervention. In
regard to thiz aim, the MARKD guestiornaire showed a
higher sensithity for eary sympioms of future possible
COPD than SGRQ or CAT, with high canvergent validity
correlation with these already vafidated COPD health sta-
tus questicnnaines, This: high comvergent validity correla-
tion is sla impartant because it shows specificity for respi-
ratory disorders and could probably mean that it could be
associazted with aleady known features of CAT and 5GRO,
showing association with many facets of COPD, like under-
bying inflammation, sirway limitation, breathiessness, pro-
gression of disease, morbidity, and mortality (11-15L On
the other hand, at lazst for the 18-item version, the results
wers not influenced by common comorbidities and con-
comitant treatrment. In the systermnatic review by Haroan et
al, the major risk for bias when avaluating the question-
naires and handheld fiow meters for screening purposes
was inadequate blinding between index tests and spirom-
etry, which was not the case in our study (10}

Further validation is expecied after a follow-up of the co-
hart of smokers recruited into the MARKD study, when

the potential of this tool to predics future develop-
ment of COPD'In smokersfex-smokers at sk for
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COPD will be evaluated (a5 a single tool or combined with
other markers).

Based on basic psychometric analyses and high conver-
gent validity corelation with already walidsted HROQoL
guestionnaires, the newly developed MARKD question-
naite was shown to be a reliable self-administered short
health status assessment toal, It had a better discriminating
powver for early changes associated with smoking suscepti-
bilivy than other two questionnaires (CAT and 5GRGI, thus
being in accordance with the newest recommendations as
a first step in making an early diagnosis These properties
will be tested prospectively in an ongoing cohort study o
evaluate the predictive power of the MARKD guestionnaire
1o identify individuals wha will develop COPD among indi-
viduals at risk.

WARKD proup: Primcpa investigatars: Assoc Prof D
wor Plver, MO, M5, PhD (Thickan’ Hospital Seebrjaf, Tagneh.and Fand-
ty of Medicine 1 Stoesmayer Urisersity, Osiek, Croatia; Farks Nrbica, MO,
Mic, Genenal Hospital Dubvonnik 2nd Universiy of Dutwowmol, Dubrowmil,
Croatia. Comsnftant: Prof. Peter MA Caberisy, Lintoersity of Liverpoal, Liver-
mmwmwmrmxm Bk, PRO, Unnvesrsity
of Zageeb Centee fior Troatizn: Studes, Fagreh, Croatm; Amist Prof. Biseria
Fadoiesic-Vidatek, BA MA, PhD, Iratinse for Medicl Research and Ocups-
tional Headth, Eagreb, Croati. Pulmonalogicte Eiva Hubidic, M Univesrsiny
Hospaal Dubrava, Zagreh, Troatia; bva Jung, MO, Berversty Hospetal Cerver
Orijek, Dhsjek, Cromtia: Assist Prof. hvan Guded], MO, PR, Uraverdty Hospital
Center Sglit, Spit, Croatia; Assst Proft | flizna Bulat Exedin, MO, PR, U
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Diagnostic accuracy of a pocket screening @
spirometer in diagnosing chronic

obstructive pulmonary disease in general
practice: a cross sectional validation study

using tertiary care as a reference

Matina Labar'*, Zarka Vibica™™, lvan Gudelf’, Slavica Labor'® and Davor Plaved™® @)

Abstract

Background: COPD-6™ |5 a lung funchian testing device for 2 mpid prespirometry testing to screen-out at-risk

i hvidieals mot having COPD and indicating thase at risk. The aim of this-stedy was to validate COPD-6™ lung function
testing (index test) in general practice in discriminating patients with COPD out of the population at sk - smokes/ex-
smiokers with no previous diagnosls of COPD, using measurements at tertiary care as reference standard,

Methods: Consecutive 227 subjects (115 women, 185 smokers/42 exsmokers, =20 pack-vears) with no previous
diagnosis of COPD, aged 525 [SD &8} years from 26 generl prcitionens (GPs) wene recruited, lung function tested
with OOPDHE™, refered to the tertary Institution for repeated COPDH-E™ testing followed by spirometry with a
bronchodiiator (s2lbutzmal, examination, and pulmanologist corsultation for the diagnosis and severity of COPD.
Results: COPD was diagnosed in 43 subjects (185 9, with an AUC of GB27 {95 % O Q.763-0875, P < 0001} for the
diagreosis of COPD when lung function was measured wsing COPDHE™ in G5 offiee with 2 specificity of 1009% (95 % Ol
S755-100 % but a very low sensitivity of 32.56 % (95 % (1, 204947 48 %} Significant agreement for forced expiratany
volume in 15 messured at GP's office and at lung fundion 2b was found {mean diference Q01 L p= 0867 but not for
other measuned pammeters (o< G0 for all).

Conclusions: Our study results point out that active cxse finding in a population at risk for COPD should be instituted
{almost 20 % of undiagnosed COPD). Based on our results lung function testing with COPDHE™ @n substinte spirometry
testing in cases whene It {5 net readily available to the patient/physician tzken into account that the trad ionzl FEV,/FEV,
cutoff value of <17 is it the anly criterlon for disgnosis and/or further refermal

Trial regitration: ClinicalTrials.gov identifier MCTO1550679 Registered 28 September 214, retrospectively registered
Keywords: COPD, Diagnosis, General practice, Saeening, Sensitivity and specificity

Abbreviations: ANOMA, Andysis of varianoe; ATS, Amencan Thomcic Sockety; ALIC, Area under the cunwe; COPD, Chonic
obstrective pulmonarny disease: ERS, European Respiratory Society; FEV;, Forced expimtory volumein 1. second;
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FEVy, Fonoed expiratony valume in & 5 PVC, Forced wvital capacity, G010, Global inltiative for chionic obstructive lung
disease; GP Gene @l practitioner; LLN, Lower limitof nomal; NPV, Negative predictive value: PPV, Positive predictive valie:
| Col, Chuality of life; RO, Receter operator qurve; 50, Standard deviation

Background

COPD is one of the leading causes of morbidity and
mortality worldwide [1]. Existing prevalence data show
varations due to survey methods reflecting also a wide-
spread under-diagnosis of COPD, even in pabients with
developed respiratory symptoms [2-5]). On the other
hand patents with a mild COPD already have substan-
tial reduction in all parameters of health relsted Col
(HRCoL) ). Modern strategies for COPD management
are stressing the importance of primary care physician’s
office-based assessments of patients at risk, thus signifi-
cantly increasing the number of timely diagnosed COPD
patients [7].

Spirometry with the documented post-bronchodila tor
FEV/FVC <70 is required to make a diagnosis of
COPD in a clinical context of the disease [1]. Spirometry
in general practitioners’ (GPs) office would be adequate
to make a diagnosis, but there are many obstacles to that
strategy; the price of equipment, reimbursement strat-
egies, quality of spirometry in such an environment, in-
sufficient training, amd experience in  testing  [8].
Unavailshility of a spirometry often leads to over-
diagnosis of COPD, made only based on symptoms and
exposure data without confirmatory lung function test-
ing, leading to overtreatment and negative impact on
morbidity and mortality [9-11].

COPD-6~ (400 COPD-6" Respiratory Monitor, Vita-
lograph Ltd., Buckingham, UK) is a cheap, simple lung
function testing device approved as a rapid pre-
spirometry testing tool to screen-out the at-nsk individ-
wals who do not have COPD and indicate those that
may be at risk. It is a simple device, easy to learn how to
operate, having the readout without the sk of false
COPD negatives, thus focusing spirometry resources on
a smaller population with most of the risk. Four major
problems could arise from wsing COPD-6" as a screen-
ing device instead of spirometry: (1) psing FEV; instead
of FVC could underestimate the later; (2) no post
bronchodilator testing; (3) no flow-volume curve presen-
tation; {4) a single criterion for fixed airflow Emitation
as defined in GOLD initative (FEV/FEV, <070) thus
possibly producing a significant over-diagnosis in elderly
(=70 years of age) according to The Global Lung Fumnc-
tion Initative data [12].

Having all that in mind, we wanted to explore the
diagnostic accuracy of COPD-6™ in a population of
smokersfex-smokers with a  significant exposure  to
cigarette smoke, with no previous diagnosis of COPD, in

a general practce setting comparing it to the ‘gold
standard;, spirometry conducted in a lung function la-
boratory at the tertiary care level (university and teach-
ing hospitals) by experienced staff with special training.
This is a population with expected 25 % of undiagnosed
COPD cases in which such case identification is recom-
memnded [1]. S0, the aim of this study was to validate
COPD-6" lung function testing (index test) in general
practice in discriminating patients with COPD oot of
the population at risk - smokers/ex-smokers with no
previous diagnosis of COPD, using measurements at ter-
tiary care as reference standard. The secondary goal was
to assess the agreement between lung function measure-
ments between methods (COPD-6" vi spirometry) and
between health care settings (primary vs. tertiary care).

Methods

Study framework

This prospective cohort study was a part of broader re-
search project (Early detection of COPD patients in
GOLD O (smokers) population — MARKO project). The
whole protocol of the MARKO project can be found at
https:/(clinicaltrials gov (ict2ishowNCTOL550679.  The
study was approved by the local ethics committee and
conducted according to the Declaration of Helsinkd and
other relevant international and national laws, The pa-
tients were approached by their GPs during any (unre-
lated to respiratory problems) visit to their office if they
were smokers or ex-smokers of the predefined age group
for the study together with the prescreening for nclu-
sion/exclusion criteria using a stroctured interview. Eli-
gible patients were given the Informed consent
document with enough time to read it and to discoss
any relevant issues regarding the study before they
signed the written consent They were informed about
the prospective nature of the study and their right to
withdraw their consent and claim the withdrawal of all
gathered data and destroying all biological samples at
any time without any explanation, obligation or conse-
quence from their side. All participants signed the writ-
ten consent before starting any procedure for the study,

Subjects

The consecutive patients frorm 26 GPs (representing the
same number of GP offices) were recrutted based on in-
clusion fexclusion criteria. We decided on consecutive
patients based on the limited number of insured persons
under the care by each GP (approoc. 170K, and relatively
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low response rate for a public health campaigns in oor
country. [Inclosion criteria  were: written consent;
smokers/ex-smokers of either sex, aged 40-65 years with
a smoking history of at least 20 pack-years (calculated as
number of cigarettes smoked per day muoltplied by the
number of years of smoking divided by 2); with no pre-
vious diagnosis of COOPD. Exclusion criteria were: any
clinically relevant chronic disease significantly affecting
ol at the time of the frst visit (cardiovascular, cerebro-
vascular, diabetes, hepatitis, nephropathy, chronic dialy-
sis, systemic  disorder, cancer); immunospppressive
therapy; preceding acute respirntory disease 4 weeks be-
fore the visit; hospitalization for any reason during past
3 months; myocardial infarction, cerebrovascular infare-
tion or transient ischemic attack during past 6 months;
diagnosis of asthma; and an inability o pedform the
diagnostic protocel, Exclusion criteria were introduced
not to exclude patients having comorbidities common in
COPD, but to exclude the ones that represent acute/sub-
acute clinical states/disorders or states of recovery from
major clinical disorders representing an absolite or rela-
tive contraindication for spirometry or significantly in-
fluencing the diagnostic process or an already present
diagnosis of respiratory disorder (eg., asthma).

Study workup

All GPs went through short small groups training and
were provided with the COPD-6" devices. GPs were not
extensively trained in spirometry or assessed for their
skill level because we wanted that the measurements
would be performed as close as possible to the regular
real-life clinical situation where GPs scarcely use these
measurements. After the examination at the GFs office
and lung function testing with OOPD-67 (index test),
patients were referred after 2—4 weeks to one of the ter-
tiary instititions to a designated team consisting of a
pulmonologist, research nurse and lung function labora-
tory technician, Standard diagnostic workup consisted of
repested COPD-6" lung function testing followed by
spirometry with a bronchodilator (salbutameol), history,
physical examination and specialist consultation. Pa-
tients with no previcus diagnosis of COPD were chosen
to avoid bias coming from a previouws knowledge of a
diagnosis but allowing a significant subzample of subject
with COPD (according to previous studies up to 25 % of
subjects in this population has an undiagnosed COPD)
[1]. To avoid the second possible bias, the team at the
tertiary care institution was blinded for the results of the
COPD-6" measurements performed at GPs office. After
the workup conducted at the tertiary care institution the
pulmonologist made the diagnosis and severity assess-
ment of COPD according to GOLD: relevant exposure,
respiratory symptoms characteristic for COPD and fxed
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airflow limitation (post bronchodilator FEVL/FVC <0.70)
[1]. This was used as a reference standard for this study.

Lung function measurements

Lung function measurements using COPD-6" were per-
formed according to the manufactirer’s recommenda-
tions and ATS/ERS puidelines [11]. Measurements were
repeated untl 3 technically satisfactory efforts were per-
formed. COPD-6" has a quality assessment built in the
device and marks the technically inadequate measure-
ment with the exclamation mark. Exclamation mark ap-
pears. when the time of expiration is too short or
coughing during expiration was present After 3 technic-
ally satisfactory efforts the device automatically choses
the best one and these results were recorded as absolute
values for forced expiratory volome in 1 s (FEV,; in L),
forced expiratory volume in 6 s (FEV; in L), FEV, /FEV,
ratio (%), and lung age (years) and as % of predicted
values for FEV;, FEV, and FEV,/FEV, according to pre-
diction equations already in the device calculated ac-
cording to sex, age and height. The device uses the pre-
specified cut-off levels for visually suggesting the prelim-
inary diagnosis of COFD (FEV,/FEV; mtio of <0.7) and
assesses the severity according to GOLD initative [1], so
we used this criterion as a positive index test for further
comparisons. The same procedure was followed at both
sites (GPs offices and lung function labs in 2 tertiary
care hospitals ).

Spirometry was performed using computerized pneu-
motachographs (Jaeger®, CareFusion, CA, USA) using
the same procedure at all clinical sites (lung function
labs at tertiary hospitals) according o ATS/ERS guide-
lines [13]. The best of three technically satisfactory ef
forts was recorded. Bronchodilator test was performed
by repeated spirometry ) min after the inhalation of
400 meg of salbutamol using the inhalation chamber.
Absolute values of FEV,, forced expiratory capacity
(FVC], FEV/FVC matio were together with sex, age and
height entered into the Excel sheet (Microsoft® Excel®
2013, Microsoft Corporation, USA) for all subjects and
using predicted values equation from Cluanjer, % of pre-
dirted was calculated in a single act wsing Excel [I4].
Tertiary care postbronchodilator spiremetry measure-
ments at lung fanction laboratory were used as reference
standard for this study.

Data analyses

Data analysis was performed wsing STATISTICA ver-
sion 12 (SatSoft, Inc, OK, USA) and MedCalc Statis-
tical Software wersion 158 (MedCalc Software bvba,
Ostend, Belgivm;  hittps:/fwww.medcalcorgg,  2015).
Minimal sample size of 70 subjects (14 positive amd
56 megative) was calculated for the expected area
under the curve (ALUC) of 0.8 with a statistical power
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of 95 % (beta 0.05) and alpha of (.05 Categorical
data was presented as absolute and relative (%) num-
bers. Continuous variables were presented as mean
and standard deviations (5D). Categorical data was
compared between subgroups using chi-square (2)
test snd continuous variables nsing Student’s t-test or
Mann-Whitney Lf test and analysis of wvariance
(ANOVA), The crteria to wse Student’s t-test and
ANOVA were checled and fulfifled before the tests
were performed. Agreement between lung function
measurement methods was conducted wsing Bland-
Altman st@atistics and plots. Utility of FEV1/FEVs mea-
sured wsing COPD-6 at GP's office (index test) for
diagnosing COPD was analyzed comparing it to the
reference  standard uwsing receiver operator curve
(ROYC) analysis and data was presented as ALUC to-
gether  with sensitivity, specificity and positive and
negative predictive values together with 95 % confi-
dence intervals (Cls). P<0.05 was used as sttistically
significant for all analyses

Page 4of 11

Results

Chat of 3% consecutive prescreened smokers of eligible
age and smoking history, 227 (696 %) subjects (115
women) at osk for COPD (185 smokers and 42 ex-
smokers) aged 525 (S0 6.8) years were incloded in this
study (78 refused to participate and 21 were éxcluded
based on exclusion criteria, Fig. 1). The basic demographic
data for inchided subjects are displayed in Table 1. The
diagnosts of COPD (reference diagnosis) was made in 43
{189 %] subjects with no significant difference bebween
men and women (§2=2711, P=010) or betwecn
smokes and ex-smokers (32 =1763, P=(.185). Cross-
mbulaton of an index test positivity against the reference
standard & presented in Table 2. Mo significant difference
was found between subjects with COPD and no-COPD
for age (t=1.139, F=0256), presence of comaorbid
disorders (55.5 %) and chronic treatment (32 = (L0495,
P=0R2% y2=0.125 P=0724 respectively), BMI
(t=0.100, £=0521) or smoking habit (> 0100 for
all parameters of smoking habitl. Also no clustering

r

=

Potentially eligible participants
=326
Excluded <
n=99 . :
- Refused to participate (n=78)
- Positive exclusion criteria (n=21) Eligible participants
n=227
Index test
(COPD-5™)
n=2217
| :
Index test (COPD-6™) negative Index test (COPD-6™) positive
n=213 n=14
Reference standard Reference standard
(spirometry) [spirometry)
n=213 n=14
|
> T
COPD diagnosis COPD diagnosis
Positive (n=29) Positive (n=14)
Negative (n=184) Negative (n=0)
¥ Fig. 1 Dhagram of fiow of natients thioun® The shedy
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Table 1 Demographics, smoking hablt, presence of comorbid disorders and chronic treatmeant other than that for COPD accoding

taxfinal (OPD diagnods (W =237)

Variables Al IN=227 GO fr=43] Mon-00PD o= 184) Statistics

Wiamen (H) N5 QA 17 335) FF 53D =101 F=010
Age o), mean 50 52568 5670 523+67 I=1.13%, =056
LR -.‘:cgm"‘l. mean 50 5147 M5 +53 MG5+39 =000, M= 09
ACTIvE SMOKETS (3] 185 349 3 |aa) 153 48513 B =05 F=09%2
Yeams of smoking mean + 50 N6 +6T 30 64 I3 +69 r=1641, F=1010N
Cigaereyiday, meant 5D MG 244 AL 246+93 =03241, p =0 R4S
Mack-years, mean £50 ITaE1TA 3] +143 G e o =131k p=0190
Presence of comofid disondens (% 1264555 &3 1% {555) =005 F =015
Chaonac TR ATTeT Bl 95 W36) 16 3732 B3 @51) E=0125 F=0714

x2 chi-squaee st mads t ot of Students ke, 7 resét of Mann-Whimey U/ test, 50 stancbed deviation, BM! body mas ndex adoulsted 2« the otio of body

wesght in kg =nd squored hody hesght in metes

of COPD diagnosis, demaographics or smoking habit
data was evident for diferent GPs (p> 0100 for all
comparsons). [n Table 3 lung function data is pre-
sented according to the existence and severity of
COPD (M, 104 % GOLD stage 1 and 19 82 %
GOLD stage 2).

ROC curve analyses of FEV,;/FEV; measurements for
the diagnosis of OOPD using COPD-67 at the GPs office
and at the lung function lab at the tertiary care hospital
gave an AUC of 827 (95 % Cl 07690875, P < 0001;
Fig. 2) and (849 (95 % OO0 0.788-0.898, P<0001) being
significantly different to spirometry (AUC 0091, 95 % CI
09200984, = sttistic=1501, F=0012; z sktistic =
4058, P 0005 respectively). Using the psual (pre-spect
fied) threshold of <0.7 for FEV,/FEV; for the diagnosis of
COPD for the ing fendion (COPD-6%) values measured
at GPs offices gave the highest specificity of 100 % (95 %
Cl, 9795-100 %) but a very low sensitivity of 3256 %
(95 % CL 20494748 %) with a PPV of 100 % (95 % (1,
TRAT-100 %) and NPV of BA3E % (95 % CI BLI3-
90.35 %),

Exploratory analyses using the change in threshold
gave somewhat better overall results with a change of
threshold to <0.78 for FEV/FEV, that gave a specificity
of BR.95 % (95 % CI, 83.83-92.60 %) with a sensitivity of
7097 % (95 % ClL 54728503 %), a PPV of 52.38 %
(95 % CI, 37.72-66.64 %), NPV of 9471 % (95 % Q,
8990-9776 %) The highest NPV (9574 %, 95 % CI
O(93-98 79 %) was achieved with a cut-off value of 085

Table 2 Crossabulstion of the resilts of index test {0OPD-E™}
against the reference standard {spirometry (N= 227)

nolen et rehene gandard Spometny

(Rt fesitve NEate Total
Pt 14 o 14
eEmAT e .} 184 13
Taml 3 184 a7

with the negative likelihood valoe of 0.26 (95 % Cl,
0.20-0.33).

Methods comparison between lung function values
measured at GFs offices and values measured at ling
fundtion labs at tertiary care hospitaks are shown in Table 4
and Fig. 3, FEV, values masured using COPD-67 at GF's
offices showed small differences with the same measure-
ment at tertiary care and no clinically relevant differences
when compared with spiromefric measurement and post-
bronchodilator one  (mean  difference, -0.12 L and
0.6 L, P<0iMi for both, Bland-Altman statistics;
Table 4 and Fig. 3). Point of care comparson for FEV,
(primary vs. tertiary care} showed clinically non-relevant
difference (Table 4 and Fig 3) buot method comparison
with spirometric and posthronchodilator measurements of
FVC showed significant and clinically relevant differences
(mean difference, —(66 L and —0.60 L, P< 0001 for both,
Bland-Altman statistics) when compared to reference
measures with a trend of increasing the difference with
larger values (Table 4 and Fig 3). Comparison of FEV./
FEV ¢ valnes measured using COPD-6" showed significant
and clinically relevant differences (mean difference 4.2 %,
12 % and 8.6 % P< 0001 for all, Bland-Altman statibes)
when compared to reference measures (FEV)/FEV,
FEV,/FVC and postbronhodilator: FEV, /FVC) at tertiary
care hospitals with a trend of increasing the difference
with lower values (Table 4 and Fig. 3) thus showing a sys-
termatic bias.

Discussion

This study has three main fndings: (1) COPD-6=
showed moderate accuracy with high specificity but low
sensitivity for COPD, (2) COPD-6" could be with certain
restrictions reliably used in GP's offices; (3] in the popu-
lation at risk for COPD, there was a substantial mumber
(189 %) of ondiagnosed patients. Our data comparing
COPD-6" measurements with a reference standard (tec-
tinry care COPD diagnosis) shows that COPD-6" can be
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Table 3 Lung function (COPD-S™ spirometnd accarding totha presence and sty of COPD aconoding to GOLD stages

Luney fumsction A L ] R coeh SIaTETos
Goh Golba
{N=327]) v =184 =224 =1
CORDE™ FEV, b pedicred) it 1ah 976+133 05+ 1314 IS5+ 1322 F=4637 P =001
FEY 36 peadicted) B9+ 163 Sald+153 S+ 143 M5+ 137 F=17237 Pz 00N
FEY W FEVL |9 (RE45 + D0ORG (hBG + 0N 0741 + A3 GFET L0117 F=2584 Pz 000
Lury age fyral ald+ 133 SFTE1 B0+ 111 MBT 157 F=4agy P = 0o
L pEmay FBY, 6 peedicted) e+ 153 1M015+129 w1102 ix 127 F=5150 P = 000
P (% predired) 1093+ 170 Nnad+1a7 1127+ 118 N1+ 162 F=132 P oo
PRV PWC ) 0742+ 03 0761 0060 665 § S A5+ 0073 F=4274 P 2o
AFEY, Bh) 139+ 400 1AEE3TS 290k 405 125+ 7E8 F=30m P=ags

Data for all vaerishies i presenbed @ mean + standand deveatson; FAY | forosd sxpietony volume i 1 5 FEV, formed expirainey wolume m 6 5, FUC forced exprainry
wohme, AFV, post-beonchoditator change in FEV, {messured 30 mén after mhadstion of 400 ug of albotmal], F - sesult of ANOVA for betwesn
QIR COMpasss

used with enough accuracy in screening for COPD ona  needs further corroboration based on the studies arpuing
primary care level. Exploratory analyses with the change  benefits coming from this effort.

in threshold showed the possible improvement in the ac- Spirometry is the basis for diagnosing COPD but pri-
curacy, but this datn needs additional confirmatory stud-  mary care providers, who first meet patients with re-
ies to be conducted osing these values as a pre-specified  spiratory symptoms, do not always have access [14)]
ones, Although it is our opinion that based on substan-  time or adequate training to ose it [16]. In contrast o
tial mumber of undiagnosed patients screening for  spirometry, our stody showed that COPD-6" can be reli-
COPD in a population at risk is valoable, this opinion  ably used in GFs offices with the results that are

Sansitivity

0 : M T AT P Ll i
1} 20 40 B0 a0 100
100-Specificity

Fg. 2 ROC cve for e dagnasis of COPD wing COPD-6™ &t me G office. ROC cusve phor (AUC 0857, 95 % C1 07630875, P<0001) was
mased an FEV/FEY, meuenens using COP0-6™ ar the G5 ofive ving COPDrdiaghos s made by peimonalogin a1 Brialy cae hospital as ok
tedan varisbe domed fines epesent 95 % confidence ntenel
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Table 4 Methods comparison {Bland-Altman statisticd for lung function meazirements perfommed in 2 GFs office and at lung

function bb (N =237
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comparable to the measurements performed using the
same device: by the highly expedenced and trained
persennel

Other studies evaluating the use of COPD-6" differ in
many aspects from our study, The populabon at risk
was not strictly defined [7], the patients of older age
were included thus increasing the probability of false
positive results and inconchisive effects of screening
with spirometry [12, 17, 18], and the resuls of FEV,/
FEV; measurements were not compared between GPs
offices and lung function laboratory [19]. The results
were mainly used as an advanced case finding technigue
anid were not tested for diagnostic purposes, Different
cut-off values for FEV;/FEV; ratios were suggested with
different sensitivity amd specificity that didn't meet the
criteria to establish the diagnosis of COPD [20, 21
Based on the results of our study, the FEV,/FEV; mtio
<{L7 measured at GP's office has a specificity of 100 %
with positive predictive value of 100 % indicating that a
patient had 2 COPD and can be diagnosed in accordance
to other diagnostic criteria with no further lung Amcton
testing needed. These results were good but significantly
worse than spirometry. The same was the case for the
FEVFEVs ratio measured by COPD-6™ at a lung func-
tivn lab at terbary care hospitals wsing highly experi-
enced staff. The reason behind it, lies in the lack of real-
timer visual control, present during spirometry, thus
underestimating the real value of FEV; (a swrrogate
measure for FVC). This produced a syste matic bias over-
estimating the real value of FEV; /FEV,; ratio. This points
out that additional training should be provided to heath
care personnel at GPs office to understand and
recognize this possible measurement bias,

(Otherwise, our exploratory analysis showed that FEV,/
FEV: mtio (L85 measured at GP% office had o NPV of
9574 % and was reasonable to conclude that a patient
was not suffering from COPD and further testing was
indicated to reveal the reasons for respiratory symptoms.
A strategy of using this two cut-off values (FEV;/FEV; <
0.7 to diagnose and =085 to role-out COPD) could in-
crease the mumber of patients diagnosed at GPs offices
and treated according to the current goidelines. A con-
firmatory study validating these thresholds should be
done using these cut-off values as a pre-specified goals.
If this thresholds are confirmed, only patients with the
FEV:/FEV; ratio between the 0.7 and 0.85 should be re-
ferred for further lung function testing and (sub)special-
ist evaluation, Our results were based on the shudy
population from 44 to 65 years of age so in older popu-
[ations recommendations from Global Lung Initiative
(GLI) te use lower limit of normal (LLN) for FEV,; /EVC
{different from a fixed critedon of <0.7) should be aken
intn account to prevent over diagnosing COPD in older
population [12].
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Dingnosing COPD & important because it was shown
that undiagnosed patients with COPD have increased
mortality [22], morbidity [5, 23] and decreased quality of
life [24]. The treatment of such patients is delayed and
the probability of quitting smoking is diminished [25].
For a decision to start the implementation of active case
finding it is important to know the number of undiag-
nosed patients in a specific population [26], There is evi-
dence of different diagnostic accuracy of physician's
established diagnosis for COPD in different counfries
and age groups [27]. Up till now, we didn't have a scien-
tific data for our population. In our study, the number
of undiagnosed COPD patients in a population at sk is
approaching 20 % with almost half of them in advanced
stages of the disease (8.4 %). These dats are important
for health authorities for decision making [28]. Our find-
ing was on a lower end of the resolts from literature ran-
ging from 20 % to more than 50 % of undiagnosed
COFD patients in at risk popuolation [29, 30). This is
probably the result of an overall education campaign
started in our couniry as early as the year 2000 with the
presentation of the COPD monograph (COPD puidelines
developed by the Croatian Respiratory Society), and
followed in subsequent years by the broad education
campaign for both GPs and pulmonologists according to
GOLD.

Based on the results of our stody we could recom-
mend the dinical algorthm (Fig. 4) for the triage of pa-
tient at sk for COPD (smokers/ex-smokers with =20
pack-years having chronic respiratory symptoms or co-
morbidities associated with COPD) wsing lung function
testing with COPD-6™ at GPs office (for the age group
of =70 cut-off value for the FEV,/FEV; should be revised
to LIN according to GLI recommendations [12]): (1)
FEV1/FEVe < (07 — treatment should be started accord-
ing to the current guidelines in an oncomplicated pa-
tient or referred to specialist for further assessment if &
patient is severe or has significant comorhidities; (2)
FEV/FEV:2 (07 and =0.85 — refer to pulmonologist for
further consulation; (3) =085 shoold consider alterna-
tive diagnosis than COPD. Using such an algorthm in
regular GP practice will allow GPs to make an early
COPD diagnosis or a proper specialist referral thus pro-
ducing more appropriate use of resources, cost savings
and task shiftmg These effects are based on much
broader accessibility and lower price of services of gen-
eral practice and limited resources on the secondary/ter-
tigry cwre level considering the nomber of smokers in
general population (up to 30 % of adults) and COPD pa-
tients (up to 10 % of adults). Substantial positive effects
can be expected based on this broad accessibility regard-
ing early diagnosis of COPD allowing carly preventive
interventions (quitting smoking) [25]. Although it can be
supposed that an early intervention already in
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Both sexes
235 years of age
Smokers/ex-smokers with >20 pack-years

Chronic respiratory symptoms

Comorbidities associated with COPD

and

or

h 4

Lung function testing with COPD-6™

w

v E

FE'JI_!' FEV, <0.7 FE".."MIr FEV, >0.85 FEV./ FEV 20.7
and =0.85
| ] !
Treatment should be Consider Refer to
started according to the alternative pulmonologist
current guidelines in an diagnaosis than for further
uncomplicated patient COPD consultation

ar
referred to a specialist
for further assessment (if
a patient is severe or has
significant comorbidities)

Fig. & foposed dincal atgorimhm for the tage of patlent at risk e J0PD {smotersfesamokens with =20 padeyeas having chionic sapiratoey
symtoms of comerbidites. a5 soclated with COPD) wsing g fenction testing with COPD-S™ &t GFS office
L%

asymptomatic  subjects with fxed aiflow Emitation
could be beneficial there are no studies that confirm
such a hypothesis and possible benefits but also no harm
could be expected based on studies of therapeu tic inter-
ventions in mild/moderate COPD [31].

The strengths of our study are based on the significant
number of indicative COPD patients diagnosed through
the diagnostic process (n=43, 189 %), allowing os to
properly evaliate the accuracy of the tested device. Also
GP: were not extensively trained for the use of the
tested device and were not aware to be part of the stody
thus allowing us to make conclusions that can be gener-
alized to & regular real life clinical setup. Using a “gold
stndard” to make a COPD diagnosis on the referent
level (tertiary care) as a reference standard and evalu-
ation of lung function measurements conducted by GPs
against spirometry conducted by expenenced staff pro-
vides us with an objective evaluation of the tested device

and GPs performance, The possible wealnesses of our
study are based on recruitment process that may not
represent the actoal general practice population thus
possibly diminishing generalizability of oor resuolts, al-
though our analysis showed that there was no clustering
present regarding the characteristics of patients re-
cruited by different GPs and the proportion of undiag-
nosed COPD patients was comparable to other studies.
Also the age range of oor study participants (#0-65
years of age) does not allow us to generalize our results
outside this age range thus leaving the most question-
able popuolation regarding the diagnostic criteria out of
our focus (=70 years of age). A bias conld be present be-
cause there was no formal panel diagnoss of COPD
done, but the diagnosis was done using the harmonized
criteria by experienced pulmonologists (all pulmonologist
making a diagnosis were acting as trainers for more than
10 years for GOLD initiative i Croatia). So for our data
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to become more generalizable our risearch needs to be
conducted in a broader population (age 35-80 years, =10
pack-years) osing also two threshold values that were
found out in our exploratory analyses (FEV,/FEV, <07
and (L85},

Conclusions

Almost one fifth (189 %) of undagnosed patients with
COPD in a population at risk (smokers/ex-smokers) in
our study points to the fact that active case finding should
be instituted in such a population. Based on the results of
our study lung function testing with COPD-6" can in a
significant part substitute spirometry in cases where it is
not readily available to the patient/physician. Resolts of
lung function testing with COPD-6" performed at GPs of
fices and in lung functen laboratory were compa rable, so
there is a possibility to establish the diagnosis of COPD
and start adequate treatment in a GPs office in a substan-
tial number of patients at risk. This could be based on two
cut-of values for FEV(FEV, with the matio <(.7 establish-
ing and >085 excluding the diagnosis of COPD. Before
the implementation in practice, the diagnostic criteria
should ke checked for a specific population. Such ap-
proach could lead to a better diagnostic yield of COPD in
everyday practice diminghing the mumber of under-
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3.4. Exhaled Breath Temperature as a Novel Marker of Future Development of COPD: Results of a

Follow-Up Study in Smokers.

COFD: BOURMAL OF CHRADNIC DBSTRUCTIVE PULMOMARY DISEASE
2E, W04 0, N0.0, -8
ety doc. org ML INGISIRISE TG AT

Taylor & Francis
@ I»{Zl.l.-ln.ﬂlm;p
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ABSTRACT KEYWORDS

Although only less than one-thind of smokers develop COPD, early markeris) of COPD developmentarelack-  Hokogicl markers; chronic
ing. Thie aim of this research was to assess the ability of an average equilibrivm exhaled breath temperature abstructive py
(EBT} in identifying susceptibility to cigarette smoke 50 as to predict COPD developmeant in smiokers at risk. dmamlﬂﬁl&ﬁm

The study was a part of a multicenter prospective cohort stedy in cument smokers (N = 140, both sexes,
2065 years, =20 pack-years} with no prior diagnosis of COPD. Diagnostic workup indudes history, physical,
quality of life, hematology and highly sensitive CRP EBT before and after smoking a cigarette, lung func-
tion with bronchodilator test, and 6-minute walk test. Patients without a dizgnosis of COPD and in GOLD 1
stage at initial assessment were reassessed after 2 years, COPD was additionally dizgnosed based on lower
lewvel of mormal (LLM) lung function critera. Utility of EBT for disease progression was analyzed using receiver
operator curve (ROC) and logistic regression analyses. Change im EET after smolang a cigarette atinitial visit
{ AEBT) was significanty predictive for disease progression {newly diagnosed COPD; newly diagnosed COPD
+ severity progression] after 2 years [p < 0.05 for both). AEBT had an AUC of 0.85% {p = 0.0M) with sensitivity
of 66.7% and specificity of 38.1% for newly diagnosed COPD using LLN criteria, We conclude that EBT shows
potential for predicting the future development of COPD in cument smokers. This was best seen using LLN

disaase suscaptibllity;
exhaled hreath temperature;
trial registration

to dizgnose COPD, adding further evidence to question the use of GOLD criteria for dizgnosing COPD.

Introduction

Although we understand that cigarette smoke is a major envi-
ronmental risk factor imvolved in the development of chronic
obstructive  pulmonary disease {(COPD), we still have not
unveiled the epigenetic regulatory mechanisms of oxidative
genes involved in its pathogenesis (1, 2). Only less than one-third
of smokers develop symptomatic disorder (primarily COPDY)
during lifetime, suggesting that there is an individual genetic
or epigenetic background, making them susceptible to cigarette
smoke (2). Progressive nature of COPD inflicts sipnificant dis-
ability and later also an early monality, thus producing seri-
ous public health and economic impact for the health system
and economy in general Therefore, stopping or slowing down
the progression of the disease is @ main therapeutic goal {3).
Therapeutic interventions in COPD patients have been shown
to have significantly larger impact if they were staried earlier
in the course of the disease (4-6). An ecarly diagnosis should
allow an early intervention, thereby preventing the progres-
sion of COPD, alleviating the symptoms, improving the tol-
erance of exertion and general wellbeing, preventing compli-
cations and co-morbidities end early mortality (7). Finding a
marker of susceptibility to cigarette smoke that can predict the
future development of COPD, before the significant end-organ
damage, is still an unmet need in the management of COPLL

Diespite the significant efforts of the scentific community
during the last decade in trying to find such markers for
COPD, we are still far from that goal MARED project (https://
dinicaltrials gov/ctZ/show NI T 55067%) was started with this
aim by recruiting patients with no previous diagnosis of COPD,
but at risk for future development of disease, having significant
gge and cigarette smoke exposure {smokers'ex-smokers aged
4065 years with smoking history of =20 pack-years).

There are significant pathohistological changes of the airways
essociated with the duration and progression of COPD, and
depending on the phenotype, a significant decrease in bronchial
vascularity can be found (8-11). On the other band, it has been
shown that chronic inflammation of the airways induces vasco-
lar proliferation, as also seen n some COPD phenotypes (8). As
& consequence of inflammation end remodeling/destruction of
the airways/parenchyma, changes in the bronchial blood flow
affect the heat and water vapor exchange in the airways, therehy
affecting the exhaled breath temperature (EBT). Changes, such
s the growth of submucosal capillary network, medial and
intinzal hyperplasia andfor exndation, can directly influence
the airway wall thickness, thus influencing the heat exchange
{12). Tt has been shown that EBT can be used as an imdivid-
ual measure of fluctuating changes in the balance of these pro-
cesses (13) Recently, EET has been proposed to reflect airways
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Marina Labar and Farka a zm equally contributing first authors.
& 2016 Targhor & Frands Group, LLC

79



2 (W) M LADORETAL

inflammation, as a positive relationship was observed between
EBRT, bronchial blood flow and exhaled nitric axide in asthmatic
patients (14, 151 Also, it has been suggested as a new method
to detect and monitor pathological processes in asthma, COPD
and lung cancer (16).

Based on the pathophysiological changes in COPD and also
previous studies showing significant change in EBT in patients
with inflammatory respiratory disorders {incheding COPD), this
study aimed at testing if measuring EBT in current smokers at
COPD risk can show susceptibility to cigarette smoke and be
predictive for future development of COPD and/or disease pro-

[Eression.
Methods

Study frameowork

This study is a part of the broader research project (Early
detection of COPD patients in GOLD 0 {smokers] pop-
ulation - MARKQ project). The whole protocol of the
MARKD project can be found at httpss/{clinicaltrials.gov/
ct2/show/MCT 01550679, In short, the MARKOD project is a
prospective, observational, non-interventional cohort study of
patients {both sexes) at risk for the development of COPD
{smokersfex-smokers with & smoking history of =20 pack-
years), without & previows diagnosis of COFD. The project
was approved by Local Ethics Commitiees and carried out in
secordance with the Declaration of Helsinki, GCP, and all rel-
evant international end national legislation, The patients were
approached by their general practitioners (GPs) during any
{unrelated to respiratory problems) visit to GPs office if they
were smolkers or ex-smokers of the predefined age group for
the study, together with the prescreening for inclusion/moclusion
criteria using & structured interview. Eligible patients were given
the informed consent document with enough time to read it and
to discuss any refevant issues regarding the study before consent-
ing. All participants signed a written consent before entering the
study and before any procedure was performed.

Subjects

For this study, 146 consecutive patients from 26 GP offices were
recruited into the study by their GPs based on the inclusion
criteria: written consent; current smokers {becanse they had to
smoke a cigarette as a part of 2 study protocol) of both sexes aged
4065 years with a smoking history of at least 20 pack-years {cal-
culated as & number of cigareties smoked per day multiplied by
the number of years of smoking divided by 20); and no previ-
ous diagnosis of COPDL Exclusion criteria were: any dinically
relevant chronic disease (cardiovascular, cerebrovascular, dia-
betes, hepatitis, nephmpathy, chronic dialysis, systemic disor-
der, cancer) significantly affecting (ol ongoing immunosup-
pressive therapy; preceding acute respiratory disease 4 weeks
before inclusion; hospitalization for any reason during past 3
months; myocardial infarction (MI), cereébrovascular infarction
(CVT) or transient ischemic attack (TIA) during past 6 months;
diagnosis of asthma: and an inabélity to perform the diagnostic
protocol. Six patients were excluded from the analyses becanse
their baseline ERT (EBTh) valwes were extremely low { <25°C},

suggesting possible artifacts in the measurement so the data
from 140 subjects were anabyred.

Study workup

After the structured history and examination at the GFs otfice
and lung function testing with COPD-6 (4000 COPD-6"™ Res-
piratory Monitor, Vitalograph Ltd., Buckingham, UK), patients
were referred to the tertiary care hospital having a designated
team consisting of a pulmonologist, research nurse and lung
function laboratory technician. A structured diagnostic workup
comprising (Jol. questionnaires, structured history and physi-
cal examination, EBT before (ERTh) and after smoking cigaretie
(EBT:), lung function testing with bronchodilator { salbutamaol),
laboratory [hematology and high- sensitivity C-reactive protein
{hs-CRP}], functional status using 6-minute walk test (6MWT],
ending with the assessment for diagnosis and severity of COPD
according 1o GOLD (17) was performed. Patients with no COPD
and with COPD GOLD | stage [postbronchodilstor (PB) ratio
of forced expiratory volume in 1 second and forced vital capac-
ity (FEV/FVC) = 0.7 and FEV, = 80% predicted] after initial
assessment were included in the follow-up in accordance with
a predefined study protocol. These patients were reassessed by
the same pulmonologist after 2 vears for diagnosis and progres-
sion of COPIL In the case of acute respiratory disease, preceding
or at the time of a follow-up visit, subjects were rescheduled to
present at least 4 weeks after the resolution of this acute episode.

Outcomes

Primary oulcome was to assess the predictive potential of the
change in EBT after smoking a cigarette (AEBT) using three dif-
ferent outcome measures for the progression of disease afier 2
years of follow-up in patients at risk (active smokers with smok-
ing history of =20 pack-years withouwt COPD or with a COPD
in GOLD 1 stage after baseline assessment}: (1) newly diagnosed
COPD (ND COPD}; (2} disease progression (DP; WD COPD +
progression 1o a higher severity stage); and (3} higher rate of loss
of lung function (LaLF).

Secondary outcomes were to assess the predictive potential
of { 1) baseline ERT (EBTh} and {2} EBT after smoking cigaretie
(EBT:) using three outcome measures of DP after 2 years of
follow-up in patients at risk {as for the primary outcome).

Exploratory outcome was (o assess the assodations of out-
come measures with EBT and patients’ baseline characteris-
tics [age, sex. smoking status, comorbidities. lung function,
functionsl exercise capacity, laboratory parameters, and health-
related (Jol. (HR(JoL)].

Cutcome measures {ND COPD, DP) were defined using the
definition of COPD and COPD severity criteria in GOLD (17}
(1) ND COPD - subjects with chronic respiratory symptoms
{dyspnea, cough or sputum), & history of exposure to risk fac-
tors and a persistent airflow limitation (PB FEV /FVC < 0.7) at
a control visit after 2 years if they were not diagnosed accord-
ing to the same criteria at baseline visit; (2) DP - subjects with
NI COPD + subjects that progressed from GOLD 1 severity
stage at baseline visit to GOLID 2 or higher severity stage based
on the % predicted value of FEV; at a control visit afier 2 years.
To assess if the progression of airflow limitation (PB FEV /EVC
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going below 0.7 or PB FEV, poing below 50% predicted after
2 years} was just the function of age and not the disease, more
stringent criteria for airffow limitation using a lower level of nor-
mal (LLN) proposed by Global Lung Initiative (GLI) and Amer-
ican Thoracic Society/European Respiratory Society (ATS/ERS}
were also used for both outcome measures (18, 19). For NI
COPD, the criterion was PB FEV/FVC poing below LLN after
2 years, and for DF it was PB FEV1/FVC going below LLN or
PB FEV: going below LLN (if FEV/FVC was below LIN at a
baseline visit] after 2 years.

Clatcome measure LolF was defined not only as a loss of PR
FEV, = 70 mLiyear but also as a loss in FEV, defined as = 1
standardired residoal (5R) units after 2 years of follow-up to cor-
rect the flaw coming from using % predicted values that retain
sex, age and height bias (18, 20).

Health-related quality of life

HEQoL was assessed using two questionnaires; 5t. George Hes-
piratory Cuestionnaire (SGR) and COPD Assessment Test
{CAT). The SGRQ i= a standardized self-administered air-
ways disease-specific guestionnaire divided into three subscales:
symptoms (B items}, activity (16 items}, and impacts {26 items).
SGRQ) soores were calculated nsing score calculation algorithms
and missing data imputation {if total number of missing items
was = 10) using the Excel® SGRQ calculator. For each sub-
scale and for the overall questionnaire, the scores range from
zero {no impairment ) to 100 {maximum impairment) (21). The
CAT is avalidated, short {8-item} and simple patient completed
questionnaire, with good discriminant properties, developed for
use in routine clinical practice to measure the health status of
patients with COPD. Every item has a scale of 0-5 with scoring
range from zero (no impairment) to40 (maximum impairment}
{22). Both Qol. questionnaires were seli-completed by patients
before any other procedure was done.

Lung function

Spirometry was done by computerized pneumotachographs
{Ia.eger'. CareFusion, CA, USA) using the same procedure at
all dinical sites {lung function labs at tertiary hospitals), har-
monizing the procedure according to ATS'ERS guidelines (23],
The best of three technically satisfactory efforts was recorded.
Bronchodilator test was done with the repeated spirometry
20 minutes after the inhalation of 400 mcg of salbutamol
using the inhalation chamber. Spirometric indexes [FVC, FEV,,
FEY/FVC, peak expiratory flow (FEF)] at baseline and after
bronchodifator (PR} were recorded as absolute values and as per-
centage of predicted values according to Cruanjer (18). The val-
ues were also expressed as 5Hs and an LLN was calculated for
FEV; and FEV/FVC according to GL1 (18, 24).

Exhaled breath temperature

EBT was measured using X-Halo® device (Delmedica Invest-
ments, Singapore) according to the previouwsly validated method
{25, 26). The device does not measure an instantaneous EBT but
an average equilibrinm temperature. Measurements using this
device and type of breathing, compared to other methods, did

CORAD: I0UANAL DF CHRONIC CESTRUCTIVE PULMONAAY DISEASE @ 3

not show the infloence of environmental factors and lung vol-
ume on the measured ERT (14, 27). Patients were requested to
inhale freely through their nose and to exhale through mouth
into the device at a rate and depth typical of their normal
tidal breathing pettern using a one-way valve (preventing the
rebreathing through device) and were closely monitored by the
staff during the measurement. The measurement was contin-
wed until the software of the instrument indicated that the mea-
sured value was stable, thus fulfilling the criteria of a previ-
ously described mathematical model; the instrument processed
an incremental temperature curve in relstion to the initial tem-
perature of the air in the thermal chamber of the instrument and
was ahle to captore the achiévement of the temperature platean
within an ermor of < 2%. The regmduci]:lilir}r of the EBT mea-
surements performed by X-Halo™ had been previously demon-
strated to have an intraclass correletion coetficient of 099 (14},
The tests were carried out at & room temperature of 19-25°C,
and at refative humidity of 30-60% in the lung function lab
where the atmosphere is controlled, measured and logged. If
the measured EBT was out of the expected range (30-35°C) the
measurement was repeated after the temperature of X-Halo®
device decreased to room temperature In such a case, the mea-
surement was repeated (no more than 3 times) until 2 repeatable
measurements were obtained {difference < 0.1"C) 2nd an aver-
age of the two was recorded. Patients who had an EBT = 35°C,
even after repeated measurements, were excluded from analysis
{n =6} EBT was measured twice on the same nccasion (during
the initial visit); {1) baseline measurement before any other pro-
cedure (lung function, bronchodilator test, 6MWT) at least 1 b
after smoking cigarette (EETD) and (2) 15 minutes after smok-
ing cigarette (EETc) and recorded with a precision of 11100 of
17, Subjects also avoided food, beverages and medicine con-
sumption at least 2 hour before measurement. Mo other pro-
cedure except cigarette smoking was performed between two
EBT measurements. The change in ERT afier smoking cigarette
{AERT) was calculated as the absolute difference between EETc
and EBTh {AEBT = EBTc—EBTh).

Other procedures

Leboratory measurements were conducted in locel dinical
laboratories and induded complete blood cell count, white
blood cells differential count. hematocrit, hemoglobin and
hs-CRE

Functional ewercise capacity was assessed unsing GMWT
according to the ATS guidelines and expressed as walked dis-
tance in meters and as % predicted according to Trooster et al.
(28, 29).

Data analysis

Data analysis was done using STATISTICA version 12 (Seat-
Saft, Inc., OK, USA) and MedCalc Statistical Software version
15.8 (MedCalc Software bvba, Ostend, Belgium; https:/fwemw.
medcalcorg 2015). Categorical data was presented as shsolute
and relative (%) numbers. Continuwous variables were presented
as mean and standard deviations (5D}, Categorical dala was
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Tablel. Characteristics of patients at inital visit according to sex (N - 140,

Variable® All (N =140 WomeEd! (R =76 Mt [n =64 Statistist
Age |years) BOLas 835+ 59 518 + 69 o LM2; P e 2230
ﬂ“.”tg;'ﬂl]] 2658 4+ 347 589 + 397 740 + 383 Lo 2274 0 e 00,0025
Padc-years H5: T 332 £ 150 T £ B3 L= 3.970; p = 0.001
FVE (%aPred, 5R) M3E + 1541 184 £ 14 335 £+ W54 036 4118 0895 + T3, 070 4107 [ o LEPD; P o D06, | e 3700 = LT3
FEW (BuPred, SR) 014 4 360, 0BL096 0054 £ 140 008 L 108 W03 £+ D003 2095 P 716 [0 = BLB0E, [ = (06T P .05F
FEW/FVC {ratio, SR 09 + 0064, —051 2 054 075 £ 0060, —047 £ 097 0958 £ 0.066, 0552051 [= 15918 = Q067 [ = 0492 P = 0625
PB FVC [%Pred, SR 10994 L+ M50 £ 107 mMAE2 &= 1503, 08 £ L0 M54 & D60, 63 = LDG [=LIT3; p = 0078, [ = L1G; 7 = 0268
PB FEWH (%Pred, 5R) 024 + 1396, 009 4 087 AR += M3E 008 =093 10138 + D54, 00+ 057 [ o QL10H [ o L1, o 0O o DLESE
PB FEW,/FVC (rabio, SR} 00763 4 0062, 00820581 07N £ 0054, —025 + 0RE 0753 £ 0068, —032 005 e LEE] D = D009, [ = (338; |0 = 1651
APE FEV, (G} 128 4 4059 104 + 355 14 + 6% [ o QAT P o= LGS
ERUWT (%Prad) M35 L+ 1349 6744 L+ M 6039 = WoE [ LBTE; D = 0005
EBTh ("C) n3+ 23 19y £ 267 FHED + 167 £ = LX0E; g = 1268
EBTC (*C] [ 4+ 20 1279 L+ 256 130 + 056 £ o 107 P o 25T
AERT [*C] —{iF + 142 -3+ 145 0m £ 140 Z oo Q55 0 = 055

Legend: *all values are presented as mean & 50; +stafistical significance was lested using Students {-test if value] or Mann-w U-test (7 valual BMI - body mass
Index [calcabxted as welght in kg divided by the squared beight in mi; FVC - forced wital capacity as % predicted [%Pred) or 25 standardired e siduals (SBL: FE, - forced
explratory volume in 1 second 26 % predicied (%Pred) or 25 standardired residuals (SA); FEV,/FVC as ratsoof 25 standardired residusks (5R); PB - Iator

valoe; A - 8 change after bronchodilator; BMWT — 6-minute walk test as @ predicted (%Pred}: EET - exhaled breath temparatuse; EETh - basaline EET; EETc - EBT after

smoking dgarette; AEBT - change in E8T after smoking cigaretis.

compared between subgroups using chi-square test and con-
tinuous variables using Students ¢-test or Mann-Whitney U-
test, analysis of variance (ANOVA) or Kruskal-Wallis ANOYA
after assessing the criteria for the wse of parametric tests. Util-
ity of EBT (EBTS, EBTc and AEET) for DP was analyzed using
receiver operator curve (ROC) analysis. and data was presented
as AUC (with 95% confidence intervals, Cls} together with asso-
ciated criterion, sensitivity, specificity and positive {PPV) and
negative predictive (NFV) values. Association of outcome mea-
sures with ERT and baseline characteristics was tested using
logistic regression analysis using stepwise approach. P = 003
was considered statistically significant for all analyses.

Results

Description of the cohort

(ne hundred and forty patients (76 women) aged 40-65 years
at entry were included in this cohort study. Women had a mean
(5L¥) age of 53.5 (5.9) years and men had a mean age of 52.4
(6.9) years (p = 0.419) with a mean smoking history of 33.2
(15.0) years and 44.7 (19.3) pack-years—men having a signif-
icantly greater cumulative exposure (f = 3.970; p < (0L.00IL
The only functional index significantly ditferent between sexes
was 6MWT expressed as the % of predicted values significantly
lower in men {mean + S0 60.39 + 14.95% vs. 67.44 £ 11.31%,
{ = 2.878; p = 0L.003), and no significant difference was found
for lung function or EBT {p = 0.05 for all. Table 1). No sig-
nificant association was found between EBTh and AEBRT with
ape (Spearman R = —0.143 and —0069, p = 0.092and p =
0448, respectively: Figures 1 and 2) and with lung function
indexes (baseline and posthronchodilator) in a univariate anal-
ysis (p = 0.05 for all). Seventy-one (50.7%) patéents had 1-3
co-morbidities and 62 (44.3%) were using 1-4 medications as
& chronic treatment. After the initial pulmonologist assessment,
81 (57.9%) patients could be dassified as symptomatic smokers
(FEV/FVC = 0.70) and 22 (15.7%) as COPD GOLD 1 stage
(Table 2).
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Figure 1. Assodation of EBTh with age (N = 1401. Figure presents the assodation
beteesn the age (years) and the baseline exhaled breath temperature (EBTHI, mea
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Figure 2. Assoclation of AEET with a0 (N = 140). Rguse presents the assodation
between the age tyearsh and the change In exhaled breath temperature after smok-
Irg clgarette { AEET, measured 21 tha Inttlal visi [Spearman R — — 0069, 0 = 0.448).
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Tahle 2. Characteristics of patients at the Initlal visit zcoonding 1o the pulmonologlst zssessment follawing GOLD quidelines (N — 14900

Classficasion of patients
Varlahlet Asymptomatic{n — 37 Symptomaztic in -8 COPDGOLO (n— 23} Slatiticst (OPD LM {n — )
Age (years) 523 + 64 536 L 64 21467 F = DE7E; =098 514 £ 57
Pack-vears 6.6 4191 38+ T 86 + 169 oo 0355 = D775 s+ 159
PBFVC (SR} 076 £+ 11 6D = 108 086 & 18 F o 0205 P o= (504 05 214
PB FEVh [5R) 08 + 058 025 = 0BG —0E2 & 106 F o B2AE; p o 0,001 -1 1R
PE FEV,/FVC (SR} — 026 + 096 008 £ 0 —160 & 044 F=53.87% p = 0.001 —185 = n3ot
GMWT [%Pred) B+ 13w 604 = 1426 6615 = HLED o 5865 P o= (U3 578 2 pat
CAT score 5245 WLT = BF 151+ BB H o= 15205 p = 0,001 N9 =538
SGRO sympiom soore B3I+ 176 h3 163 05 & 546 H = T7.566; p = 0,001 %3 3180
SGRO activity score Zi6 £ 152 0+ 176 2646 £ 198 H=15.628; p = 0.001 2B £ 166
SGRO Imipact score iFr+ Bl fa+m 15 + 12 Hoo= TL293; o .00 M7 £ 54
SGRQ total score B 1007 B2 L 104 13 139 H = 15.686; P -z 0.001 T2 2100
EBTh {"C) 1256 + .66 3o + 184 3089 & 347 F o 0355% p =08 3396 = 108
EBTC{=C) 66 £ 28 3EM LN 182 & 339 F o= 1248; p = 0291 164 £ OEE
AEBRT {°C} o + 2.00 — 034 + 063 - L0 £ 148 Fo D00 P == 01599 —-015 %113

Legend: *all waAues are pesented 25 mean £ S0; fsiatitical ignificance o comparison betwesn thee groups acoording (e GOLD was tested using analysis of vaance

(Aracn, Fralued or Kruskal-wallls AMOVA (4 value); Hsignfic
In 1second as standandized residuals (SA); FE,/FWC as standandized residuals (585

differ=nt to COPD GOLD 1{p « 0.05); COPD: chronic abstructive pulmonarny disease; GOLD: Glokal
Irifttathve for Chionic Obstucthee Lung Disease; PE - postbronchodilator value; FiC -

forced vital capacity s standardized residuzts (3R); FEY, - forced expiratony volume
GNTWT - E-minute walk test as % predicted (%Pred); CAT - COPD assessment tes;

SGRQ - 5L Gecre Respiratony Questionnaire: EBT - exhalsd braath temparatuse: E8Th - haseline EBT: EBTc - E8T fter smoking dgarette: AEET - change in EBT after

smoding cigamtte

Subgroups comparisons at Inltial visit

Subgroup (afier the initial pulmonologist assessment} compar-
isoms at initial visit are presented in Table 2. No significant dif-
ferences were found for age, smoking exposure or functional
exercise capacity between the subgroups (p = 0.400 for all). Also
no significant ditference was found for FVC (as SR, p = 0.804)
but a significant difference was found for FEV, and FEV/FVC
{expressed as S, p = 0.001 for both) with worst results found as
expected in GOLD 1 sabgrowp (as FEV (/FVC < 0.7 was used to
define this group). Comparable results were found for HECoL
data with the worst results found in GOLIY 1 subgroup (p < (.01
forall). Mo significant differences were found between these sub-
groups for ERT results {(ERTh, EBTc and AERT) (p = 0.200).
Im Table 2 we also presented the data for the subgroup of sub-
jects diagnosed as COPD according to LLN criteria. Upon com-
parison with the COPD GOLD 1 subgroup, expected signifi-
cantly lower values were found in this subgroup for FEV/FVC
(expressed as 5K, p < 0.05) and for the SMWT (expressed as
% predicted. p - 0.05). Other variables (apge, smoking habit,
FVC and FEV,, HRQol, EBT) were not significantly different
between these two subgroups.

Study outcomes

Reassessment after 2 vears of follow-up (average follow-up was
2 years and 54 days) for the predefined outcomes of DP showed
that out of 118 patients without COPD, 7 (5.9%) patients had an
ND COPD (rate per 100 person-years of 2767, 95% C[ 1210~
5.473) with additional 4 [11 (7.9%) altogether| that had pro-
pgressed from COPD GOLD 1 stage to GOLD 2 stage (DP rate per
10 person-years of 3,667, 95% CI 1.928-6.373), and 60 (42.9%)
had &n increased rate of LoLF (=70 mLfyear for the PB FEV, ).
Using the outcome measures based on LLN (ND COPD &nd DF)
or SR (LoLF), 5 patients had an NI) COPD, @ had DP and 14
had a loss of FEV, = 1 SI. Comparisons of three EET markers
(EBTh, EBTc and AERT) between the subgroups according to
the progression of the disease after 2-year follow-up (based on
three predefined study ontcome measures) and the ROC curve
analyses are shown in Tables 3 and 4.

The results for the primary cutcome showed that AERT mea-
sured at initial visit had a marginal discriminative power for
ND COPD according to the GOLD criteria (p = 0.148) with
the increzse in the signal when ATS/ERS criteria (LLN} was
used (p = 0.036) giving an AUC of 0.859 (95% CI, 0.781-0.917:

Table3. EET (EHTh, E8Tc 2nd AEET) according to the outoomes of disease progressian after 2-yeas foBaw-up (N = 1)

Cisease progression ouicome EBTh ~0) EBTC (°C) AERT (0}
ND COPD GOLD NOfn =TT Yes (= HWALZITIE L 4MI- DL DL T— —00L135,154 L2857 -
:"1,5I:a|1'.'lh'_ij' L9, 0 D156 (LG0T, @ = (548 1446, 0 = (148
LN MO N =13k = WAL L3I0 — BI5LMEI00E L3RI = AL 10524248 L -
] Staflsticst 1348, p = 0.019 158, p =019 L0099, p— 0036
op SOLD NO (=129 YOS (A me BSIE£I0ENIFLIEN T [T LI TTNLIE T —ON 1IN LT T
WL Statisticst LS8, = 179 03,0 = 0H9 LIT0, p = 0030
LN NO b= 30 Yes (1 = ESILIMEI0NE 33— FHLIBEINE L3R T—- —LE1IR2I4E T -
o Statlstics 1249, p — 0024 L1175, p = 0.030 1T, o= 0067
Increased lﬂ!i[‘FE‘l'-l:hmmlﬂEH NO M= B0 Yesin= [AFLI0S 33 IS5 T = [IFLLBAI LI = L0130 B L1577 =
LolF &0); Statistics” 0543, o — 0587 20, g - 1984 0OH, p = 0517
Loss of FEW, =150 NO {0 T2 YES{N = BB LI A L2IE 7= [BIL20M0 2345 7= 000147 -010 L 0957 =
| Staflsticst 1802, p = 0472 050, 0 - R DS, 0 = 0053

Legend: ND COPD - newly digrased COFD after 2 years of follow- up; OF - disease progression - MO COPD -+ progression of a severty of DOPD from GOLD Tstage during

the 2-year

follow-up; LoLF - lass of fung furction; GOLD: Global inltiative for Chionic Obstructive: Lung Disease; LLN: lower level of normad; FEYY- Fomoed expin

volume In ¥ sacond; SR standardized residuals; EBT —exhaled breath temparatuse; EBTh — baseline EBT; EBTC - EBT after smoking cigaette; ﬁEﬂT-chmgelnEEﬁm
smidng cigametie; svalues are presented as masn + S0- +etatistical signtficance was tested using Mann-Whitney U-test.
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Tabled. EBT (E8Th, E8Tc and AEET) ROC curve analysk data according to the outcomes of disease progression afier 2-year follaw-up (N~ 140}

DlsEse [Ogression oirome EBTH =i AEBT
NDCOPD  GOLD ALK, 35801 Shtlslcs 06640571008 7 = 1RO, 0= 0566 046606677 = 0547 pm  [L669, D568-0.759, 7 = 1409, p =
0z 0584 0153
LLN NUC,95% CLSEtstcs  O7BS, D005, L= 2330, pm 0704, 060507907 = 104, 0= 0BS5S 07610517, 7 = 2,583, p =
2.020 1261 a.0m
op COLD  AUC99% CLShbsss 0663 0570-0M0,7 = 15050 — 0530, 04380617 =034, p= 071, 06230789, F = 240K, p =
am 016

LLN AL, 955 O, SLatlstics
0025

QNG -0 785, T — 1246, p —

D6, 052002, 2 — 0FB3, p =

07e4
0730 0640508, I — 1993, p —
0044 0433

Legend: NDCOPD - newly diagnased COPD after 2years of follow-up; DP - disease prdgression — MO COPE + progression af 3 severtty of COPD from GOLD 1 stage during

i 2apear

fiollow-up; GOLD: Globe inmtiathee for Chronsc Obstroctive Lung Disease; LLM: fower lovel of normal; AUC: area under the turve; O confidence Interval; £8T -

exhaled bpath temperature; EETH — baseline E8T; EBTC - EBT 2fter smoking digarette; AEET —change in E8T after smoking cligarette: statstical significance was tested

using z statistics.

r statistic = 1333, p = 0.011). A cut-off value of 1°C had a
sensitivity of 66.7%, specificity off 98.1%, PFY of 75% and NPV
of 97.3%. We found a significant discriminative power for DP
according to the GOLD criteria (p = 0.030) with a comparative
signalf when ATS/ERS criteria (LLN) was uzed (p = 0.067) giving
an AUC (GOLD criteria) of 0.711 (95% CI, 0.622-0.789: r statis-
tic= 2404, p =0.016}). & cut-off valne of 0. 17"C had a sensitivity
of 60.0%, specificity of 75.0%, PPV of 17.7% and NPV of 95.5%.
Mo significant ditference was found for AEBT for the third out-
come measure LoLF (p = 0.9 for both; Tahle 3.

Resulis for the secondary outcomes showed that EBTh was
significantly discriminative for patients with two (out of three)
outcome measures (ND COPD and DP) but only if ATS/ERS
criteria were used (LLN) for the definition of airway limitation
(p = 0.019 and p = 0024, respectively; Table 3) giving mod-
erately good results using ROC curve anslysis (AUC = 0.788
and AUC = 0716, respectively; Table 4} with EBTh at initial
visil significantly lower in patients with the progression of dis-
ease. Results for the ERTc showed the same pattern but were
significantly discriminative only for DF when ATS/ERS crite-
rig were used {LLN) for the definition of airway limitation (p =
[1030; Tahle 3) giving & moderately pood result using ROC curve
analysis (AUC = 0.731; Table 4). Both EBTh and ERTc have
not showed o significant difference for LolF (p = 087 for all;
Tahle 3).

Logistic regression analysie for WD COPD and DP using
ATS/ERS criteria {LLIN} taking into account sex, age, smoking
exposure, long function, MWT and EBT was carried out to
assess markers of susceptibility to cigarette smoke for the pro-
gression of disease. For NI COPLY, only AERT was significantly
axsociated with this outcome and had an OR equal to 1.74 (95%
€L 1.09-278; p =0.021). For DP EBTh. PE FVC and PR FEV,
(expressed as SH) were significantly associated with this out-
come {EBTH OR = 0.71, 95% CI 0.54-0.92, p =0.010; PB FVC
OR =1334,95% CI 1.79-99.38, p=0.012; PB FEV, OR =006,
95% CI 0.01-0.50, p = 0.010)

Discussion

The main result of this preliminary analysis is the potential of
an average equilibrium exhaled breath temperature (EBTh and
AERT) measured at & single time point (at initial visit] to predict
future {after 2-year follow-up) development of COPD or pro-
gression of disease with the increase in signal and more con-
sistent results when using a more stringent ATS/ERS criteria for

airway limitation (LLN}. A much clearer signal when using LLN
for diagnosing COPD is especially important in determining
whether GOLD iz a meaningful method for diagnosing COPDL
These resplts were further corroborated by the results of logistic
regression analysis (1sking into account also sex, age, smoking,
lung function, 6MWT) showing that AEET was the only signif-
icant factor predicting ND COPD (using LLN) with 74% more
odds for NI} COPD with an increase in EBT per®C after smok-
ing cigarette. Logistic regression analysis revealed that EBTh
together with PE FVC and PB FEY, (both expressed as 3R) were
significant independent predictors for DF, but confidence inter-
vals for lung function indexes were wide. On the other hand,
EET was not predictive for the LoLF either as absolute value or
SR values (recommended for the lung function follow-up stud-
ies by ATS/ERS to exclude age-related bias especially).

As cigarette smoking represents the most significant single
cause of death and disability in developed countries, as in the
pathogenesis of COPD, the results of our study show a poten-
tial for the future research in this area — both for new markers
of an carly diagnosis and progression of COPDY as well as for the
possible need to revise the current GOLD criteria for diagnos-
ing COPD. Need for further research is emphasized by COPD
disease characteristics: COPD developed in less than one-third
of smokers during their [ifetime, preventive measures being dif-
ficult to implement with a low rate of success, progressive dis-
case with an unsatisfactory treatment success, high pablic health
impact with high morbidity, disability and early mortality rates.
Thus, identification of individuals with a significant susceptibil-
ity to cigarette smoke and future development of COPD iz still an
important {major) research goal (2). Data analysis for EBTh and
AERT showed a moderate sensitivity and specificity for two of
three outcomes {'newly diagnosed COPDY and "newly diagnosed
COPD + progression of severity of COPDY). This allows mod-
erately differentiating patients at risk as either healthy” smokers
or as patients with a significant potential to develop COPD in
futnre or patients that will have a DF, with the potential for an
early intervention.

EBT if 2 biological marker for which research was started
during last decades espedially as a noninvasive measure of air-
ways inflammation in children and adults (30,31). Higher ERT
found in asthmatics compared to healthy individuals was under-
stood 1o be an indicator of airways inflammation, while at
the same time axillary and ear temperature were comparable
between groups supporting the fact that EBT was representing
a local inflammatory process (23). Measurement methods used
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in early research {instantancous EBT measurement) produced
EET results that were closely associated with age, lung volume,
type of breathing and environmental factors (room temperature
and humidity), and so the results had to be adjusted for these
factors (32). In our study we nsed the newer method developed
by Popov et al. {J{-hdn'& device), measuring EBT at the maximal
platean of stabilization {(average equilibrium EBT) with sponta-
neous breathing pattern becanse measuremnents done using this
method were not influenced by the pattern of bresthing, lung
volume and environmental factors, while the discriminating
power of the method was preserved (15, 33, 34). The ERT results
in our study show a wider range of resolts than other studies but
patients were closely monitored during the measurements; we
used a one-way valve, and when in doobt regarding the mea-
sured value, the measurement was repeated. To exclude further
artifacts, patienis (n = &) with EBTb = 25°%C were exduded
Also, the change in a breathing technique of the patient (breath-
ing in through mouth instead of through nose or rebreathing
through the device) can change the final result by less than 0.5°C
which could not explain this wide range (unpublished results).
As we had several devices, subjects did not use the same device
one after another, exduding the possibility that the measure-
ment from the previous subject could influence the resulis of
the other. 5o the difference in the scatter of EBT valoes was most
probably the consequence of the studied population which was
different from other studies.

Previous research showed that the change in EET duor-
ing expiration {change from environmental temperature to the
platean)} was lesser and slower in patients with COPD when
compared to healthy controls, possibly as a consequence of
mucis hypersecretion, remodeling andfor reduction in blood
vasculature (35). This data, (opether with the fact that this
change was not significantly increased after the inhalation of
vasodilator drug (eg. salbutamol), supports the concept of
decreased vascularity of airways in COPD compared to patients
with asthma (30, 36). Mean {50 EBT in our study was 33.33 +
2.307°C, which was comparable to similar studies (37, 38). When
we compared the subgroups of smokers according to symp-
tomatic status and diagnosis of COPD, althowgh we found the
highest temperature in the subgroup of symptomatic smokers
{33.887C) ‘and lowest in the suhgroup of asymptomatic smok-
ers (32.56°C), the difference did not reach statistical significance
because of the significant overlap. As symptoms represent an
important specific facet in COPD (different from lung func-
tion}, as recognized in recent GOLD document, the association
of symptoms with EBT found in our study might be important
and deserves further research. The other reason for the associ-
ation observed between ERT and symptoms could be that these
subgroups represent different mixtures of phenotypes regarding
airways inflammation and vascularity changes associated with
the effect of cigarette smoke on the airways.

Spirometry with a bronchodilator test with the cut-off value
of FEY,/EVC of < 0.7 still represents the ‘gold standard’ for the
COPD diagnosis according to GOLLY initiative, although this
single cut-off value was challenged by ATS'ERS recommenda-
tions for criteria in support of airway limitation using LLN, espe-
cially for patients older than 700 years of age (shown very dearly
by the results of GLI (19). The unique criterion (FEV/FVC
< 0.7} for airway limitation yields & significant overestimation

COPLCCURNAL OF CHROMIC DBSTRUCTIVE PULMOMARY CSEASE @ T

of COPD in older populations. Becanse of that, we used both
criteria and showed that using more stringent criteria, although
reducing the number of subjects with outcomes (lowering the
statistical power), can enhance the ‘signall This is an impartant
finding that challenges the plobally accepted GOLD criteria for
the diagnosis of COPD, On the other band, our study evaluated
ERT as a marker of susceptibility to a cigarette smoke in a popu-
lation at risk having already significant cigarette smoke exposure
(active smokers with & smoking history of =20 pack-years), and
&= a possible predictor of future COPD and [P based on the sin-
gle time-point measurement. This was evaluated using baseline
EBT {EBTh} measurement. the EBT measurement after smok-
ing the cigarette (EBTc), and the change in EBT after smoking
digarette { AERT) to additionally evaluate the effect of cigarette
smoke on EBT. Although the data is preliminary and needs fur-
ther evaluation regarding the larger patient sample and longer
follow-up, it showed a potential for the predictive power of ERT
measired al single time point for the future development of
COPD. High negative predictive value {=95%) gives the physi-
dan assurance that individuals with a risk for the development
of COPD and a negative test do not have a specific susceptibility
to Cigarette smoke regarding the development and progression
of COPD. This was however not associated with the rate of LolF
in ‘our study. This could be explained by a significant variabil-
ity of lung function measurements during this relatively short
follow-up, thus significantly influencing measured trend.

Although the predictive power of EBTh and AEBT was
somewhat comparable for COPD DP based on the results of
our study, gssociations found using logistic regression analysis
showed a somewhat ditferent pattern for these two EBT mark-
ers; 50 further research in regard to the underlying mechanisms
behind these two markers is needed. The results of our study
that lower EBTh represents a higher risk for DP challenge the
hypothesis that inflammation is the single driver of DF under
the smoke exposure (at least in this population}); therefore other
possible mechanisms should also be taken into account (39, 40).
The results of cur study corroborated by the previously pub-
lished data support the potential of EBT as a possible marker
of susceptibility to digarette smoke and future development and
progression of COPLL The limitations of our study were: rela-
tively small sample size and limited follow-up time, in particalar
related to the low COPD progression rate found in our cobort.
Further research is needed in this and other comparative popu-
latioms at risk to complete the validation of this method.

Conclusions

Results of this preliminary analysis of the 2-year foliow-up of a
cohort of patients at risk for COPD have shown the potential
of EBT in identifying paticnts susceptible to cigarette smoke,
which would develop into dinically manifest COPD or would
have a progression of disease with a better signal using LLN
as criteria for COPD diagnosis. This is the first time that we
have a potential biomarker measured ai a single time point
that can potentially predict future development of COPDL As
this preliminary data analysis had a limited number of patients
who were followed for 2 years with a fow rate of DE these
results need additional confirmation in a larger sample with
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& longer follow-up time including other comparative popola-
tions as well. If these results are confirmed in future studies, this
could allow new preventive actions to be developed in patients
at risk for COPD, thereby possibly lowering the burden of the
discase.

List of abbreviations

ANOVA
ATS
AUC

analysis of variance
American Thoracic Society
area under the curve
BMI  body mass index
CAT COPD Assesement Test
Cl  confidence interval
COPD  chronic obstructive pulmonary disease
CRP  C-reactive protein
C¥1  cerehrovascular infarction
DF  disease progression
EBT  exhaled bresth temperature
EBTb baseline EBT
EETc EBT after smoking cigarette
AEBT  change in EBT after smoking cigarette
ERS  Euwropean Respiratory Society
FEV, forced expiratory volume in 1. second
FVC  forced vital capacity
GCP  Good Clinical Practice
GLI  Global Lung Initiative
GOLD  Global Initistive for Chronic Obstructive Lung Dis-
ease
GP  peneral practitioner
HR  health related
hs  highly sensitive

LIN  lower level of normal
LolF  rate of loss of hmg function
MI  mywocardial infarction
ND  newly diggnosed
NPV negative predictive value
PB  postbronchodilator
PEF  peak expiratory flow
PPV positive predictive value
Qol  Quality of Life
RO receiver operator curve

S0 standard deviation
SGRO  Saimt George Respiratory (Juestionnaire
SE standardized residuals
TIA  transient ischemic attack
WEBC  white blood cell count
6MWT  6-minute walk test
%Pred % ofa predicted value.
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Aims: To determine the predictability of the MARKO questionnaire and/or its
domains, individually or in combination with other markers and characteristics (age,
gender, smoking history, lung function, 6-min walk test (6 MWT), exhaled breath
temperature (EBT), and hsCRP for the incident chronic obstructive pulmonary
disease (COPD) in subjects at risk over 2 years follow-up period).

Participants and Methods: Patients, smokers/ex-smokers with =20 pack-years, aged
40-65 years of both sexes were recruited and followed for 2 years, After recruitment
and signing the informed consent at the GP, a detailed diagnostic workout was done by
the pulmonologist; they completed three self-assessment questionnaires—MARKO,
SGRO) and CAT, detailed history and physical laboratory (CBC, hsCRP), lung
function tests with bronchodilator and EBT, At the 2 yvear follow-up visit they
performed: the same three self-assessment questionnaires, history and physical, lung
function tests and EBT,

Results: A sample of 320 subjects (41.9% male), mean (303} age 51.9 (7.4} years with
36.4 (17.4) pack-years of smoking was reassessed afier 2.1 years, Exploratory factor
analysis of MARKO questionnaire isolated three distinct domains (breathlessness
and fatigue, “exacerbations”, cough and expectorations). We have determined a rate
for incident COPD that was 4911/100 person-years (95% Cl [3.436-6.816]).

We found oot that questions about breathlessness and “exacerbations®, and male sex
were predictive of incident COPD after two years follow-up (AUC 0.79, 95% CI
[0.74-0.84], p < 0.001). When only active smokers were analyzed a change in EBT
after a cigarette (AEBT) was added to a previous model (AUC 0,83, 95% Cl
[0.78-0.88], p < 0.001).

Condusion: Our preliminary data shows that the MARKO guestionnaire combined
with EBT (change afier a cigarette smoke) could potentially serve as early markers of
future COPL in smokers.

How o cile this aiicde Vrkdes ¥ Stener | Latwer 84, Grudel) | Plawee [ 208, Breathiessness and “svacertanon ™ questions pradicive oo
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Keywords Pre-COPD, Eary COPD, Health related quality of lite (HRQOL), Questionnaire,
Chronic obstructive pulmonary disese, Smoking habit, Predictive markers, Validity

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is one of the top three causes of death
worldwide and represents an important public health challenge that is both preventable
and treatable (Mathers & Lonoar 2006; GOLD, 2023), COPD is characterized by persistent
airflow limitation that is typically progressive and associated with an enhanced chronic
inflammatory response in the airways and lung tissue to harmful particles or gases ( Vesibo
et al, X013),

Early detection and treatment of COPD can help manage sympioms and slow the
progression of the disease, Because of that, GOLD advocates active case finding in patients
with symptoms and/or risk factors, but not screening spirometry. Wide reference values
for spirometry prevent earlier diagnosis and spirometry from being used for screening, and
simple portable devices are not widely accepted for COPD case finding (Labor ef al,
20166). Finding patients with early COPD is already difficult, but even those diagnosed in
an early stage of disease (based on spirometry criteria) have already an advanced disease in
the biological point of view, Clinically, eardy COPD is in patients represented with a
developed airflow limitation due to the widespread damage to the bronchi and lung
parenchyma. To be able to prevent these pathohistological damage, we should detect the
disease in the biologically early stage before the irreversible changes occurred (Martinez
ei-at., _-ﬂl"}.

Cigarette smoking is a key environmental risk factor for COPD, but fewer than 50% of
heavy smokers develop COPD (Lundbick et al, 2003). Since not all smokers and not even
all the patients with pre-COPD {individuals with structural lung lesions and/or
physiological abnormealites but without airflow obstruction) and Preserved Ratio Impaired
Spirometry (PRISm) will evenmally develop overt COPD, it is important to find the
predictive markers that can detect the patients with early pathophysiclogical changes and
find the way to protect them from further progression to dinically manifest COPD.

As the measurement of the exhaled breath temperature (EBT) using a portable device
was found easy, non-invasive and reliable for monitoring alrway inflammation it was nsed
in smokers and COPD for research (Popov et al, 2017), [t was shown by a group of authors
that EBT increases in acute exacerbation of COPD and may be related to airway
inflammation (Lézir et al, 2014). Smoking has been found to canse an acute increase in
airways inflammation but not in all smokers. Change in EBT after smoking a cigarette in
patients without a diagnosis of COPD and in GOLD 1 stage at initial assessment was
significantly predictive for disease progression after 2 years (Labor ef al, 2016a), Thus it
was shown that EBT could have a potential to predict the future development of COPD at
leastina proportion of subjects {current smokers). This data still needs to be confirmed by
future studies,

S0 one of the aims of the MARKO project (Eady detection of COPD patients in GOLD
0 (smokers) population-MARKO project) (Vebica of al, 2017) and this analysis was to
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assess the predictability of MARKQ guestionnaire for incident COPD during the 2-years
follow-up.

MATERIALS AND METHODS

The aim, design and setting of the study: This analysis is the part of the broader research
project “Eady Detection of COPD Patients in GOLD 0 (Smokers) Population- MARKO
Project”, a two-phase prospective observational cohort study in subjects at risk for COPD
to identify individuals that will further on develop COPD. The MARKOD projectisa
prospective, observational, non-interventional cohort study of subjects at risk for the
development of COPD. The study was in detail described previously ( Vrbica er al, 2017)
and registered at hitps://clinical rials govict2/show/NCT01550679. The study was
approved by the local Ethics Committee (CHS, 02/2009) and conducted according to the
recent version of the Declaration of Helsinki, Good Clinical Practice (GCP), and other
relevant international and national laws. All participants signed the informed consent
form (ICF) before starting any procedure related to the study (Vibica et al, 2017),

In brief the project was organized in two phases (Fig. 1), Phase | recruited 450 subjects
with the risk of COPD by 25 GPs in and around four major cities, during any (unrelated to
respiratory problems) visit, if they satisfied indusion/exclusion criteria and signed ICF,
Inclusion criteria were: smokers/ex-smokers; both sexes; aged 40-65 years at inclusion;
smoking history 220 pack-years (calculated as a number of cigarettes smoked per day
multiplied by the number of years of smoking divided by 20); and no previous diagnosis of
COPD. Exclusion criteria were: any clinically relevant chronic disease significantly
affecting HRQoL; immunosuppressive therapy; acute respiratory disease 4 weeks before
inclusion; hospitalization during the past 3 months; myocardial infarction (MI),
cerebrovascular infarction (CV1) or transient ischemic attack (T1A) durng the past 6
months; diagnosis of asthma; and an inability to perform the diagnostic protocal. Subjects
filled out the MARKO questionnaire and measured lung function at GP's office and were
referred to pulmonologist. There a diagnostic workup consisting of the MARKO
questionnaire, HROQoL questionnaires (SGRO and CAT), history and physical, exhaled
breath temperatare (EBT) before (EBTh) and after a smoked cigarette (EBTc), lung
function testing with bronchedilator (salbutamal}, lung diffusion capacity (DLCO), blood
sampling (hematology; highly sensitive C-reactive protein (hs-CRP)), 6-min walk test
(6MWT), and the assessment for diagnosis and severity of COPD were done,

Phase 1l included subjects from phase | assessed as ‘healthy' smokers, symptomatic
smokers (GOLD 0) or as COPD GOLD 1 that were followed and reassessed after 2 years
(+2 months) afier baseline by the same pulmonologist. Incident COPD diagnosis was
niade by the same trained pulmonologist in a tertiary level hospital based on dinical
presentation and lung function according to GOLD, Incidence of newly diagnosed COPD
after 2-years of follow up was used to identify diagnostic parameters that are most sensitive
for early impairment in COPD, to determine the predictability of developed screening
MARKO questionnaire alone or with other markers of early impal ment in COPD.

The flow-chart of the MARKO study is presented in Fig. 1.
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This research attempts to answer two following questions: (1) can we identify cheap and
simple tools that will allow a precise and accurate identification of future incident COPD
from a population at risk; (2) is there 2 combination (pattern) of tools, functional
parameters, genetic and biochemical markers that can reliably predict incident COPD ina
population at risk, thos allowing eardy intervention.

Primary end point of this analysis was o assess the predictability of newly constmicted
self-administered health related quality of life (HRQoL) questionnaire (MARKO
questionnaire) and its domains to be used alone or in combination with other markers
(exhaled breath temperature (EBT), lung function, inflammatory markers) in
identification of subjects who will develop COPD during the 2-year follow-up.

Secondary endpoint: to determine the rate of progression of COPD in patients with
GOLD 0 during the follow-up,

Methods

Screening questionnaire (MARKO guestionnaire), The MARKO questionnaire is a
newly constructed HRQoL questionnaire developed by a group of expens, The
questionnaire and the psychometric characteristics were already published elsewhere
(Vrbica ef al, 20016). The questionnaire comprises 18 questions covering the manifestation
and frequency of the symptoms already present at early stages of COPD (Supplemental
Material ), The total scores ranged © to 57 with higher scores indicating poorer HRQoL.
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St. George Respiratory Questionnaire (SGRQ). The SGRO) is a standardized
self-administered airways disease-specific questionnaire divided into three subscales
symptoms {eight items), activity (16 items), and impacts (26 items). SGRO scores were
calculated using the Excel® SGRQ calculator with scores ranging from 0 (no impairment)
to 100 (maximum impairment) (Joses ef al,, 1992),

COPD Assessment Test (CAT). The CAT is a validated, short (eight-item ) patient
completed questionnaire developed for use in routine clinical practice to measure the
health status of patients with COPD, with scores ranging from 0 (no impairment} to 40
(maximum impaimment) (fones et al, 2009),

Lung function. Spirometry was performed wsing computerized pneumotachographs
(Jaeger™, CareFusion, San Diegn, CA, USA) using the same procedure at all clinical sites
(lung function labs at tertiary hospitals) in agreement with the ATS/ERS standardization
(Quanjer et al, 2012). Bronchodilator test was done with repeated spirometry 20 min after
inhalation of 400 mcg of salbutamol using the inhalation chamber, Spirometric parameters
(FVC, FEV], FEVI/FVC ratio, peak expiratory flow (PEF), forced expiratory flow between
25 and 75% FVC (FEF25-75)) were recorded as absolute values and as percentage of
predicted according to GLI (Quamier ef al, 2012). Single-breath diffusing capacity of the
lung for carbon monexide (DLCO) was measured using a rapid carbon monoxide and
helium analyzer (Ganzhorn, Germany), which was calibrated prior to each measarement,
Valves for DLCO and DLCO corrected for alveolar valume (VA) (DLCOYVA) were
obtained and are reported as percent predicted valoes (Roca of al, 1990).

Exhaled breath temperature (EBT), EBT was measured using X -Halo” device
(Delmedica lnvestments, Singapore) according to a previously validated method (Popov
et al,, 2007). EBT was measured twice on the same occasion (during the initial visith
(1) baseline measurement before any other procedure (lung function, bronchodilator test,
& MWT) at least 1h after the last smoked cigarette (EBTh) and (2} done only in active
smwkers 15 min after a smoked cigarette (EBTc) and recorded with precision of 1/100 of
a ", No other procedure apart from cigarette smoking was carried out between the two
EBT measurements,

Blood sampling. Blood samples for serum were drawn at minimal volume of 3 ml in
serum separation vacuum tubes (containing Z Serum Clot Activator gel) and sent to the
laboratory. Samples were kept at room temperature for at least 30 min, but had t© be
processed within 2 h of blood collection. Upon centrifugation at 3,000 rpm for 10 min, a
minimom of 300 pl of serum was separated for further detection of hs-CRP level. Blood
samples for hematology were drawn at minimal volume of 3 ml in K2EDTA vacuum blood
collection tubes and sent to the laboratory for complete blood cell hematological analysis.
Laboratory analyses were done in local laboratories and induded complete blood count,
white blood cells differential count, hematocrit, hemoglobin and hs-CRP.

Functional exercise capacity was assessed using 6 MW T according to the ATS guidelines
and expressed as walked distance in meters and as % of predicted according to Troosters,
(osselink o= Decramer (1999);
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Data analyses

Data analyses were done wsing STATISTICA version 12 (StatSoft, Inc, Tulsa, OK, USA),
and MedCalc Statistical Software version 22 (MedCalc Software bvba, Ostend, Belgium;
httpsywww.me dcalc org; 2023). Sample size calculation was done based on the following
assumptions: we expected to find 25% patients in different stages of COPD according to
the airflow limitation. We therefore expected that the sample would consist of 75% of
‘healthy’ and symptomatic smokers, 12.5% patients with COPD GOLD 1, 525% in GOLD
2 and 6.25% in GOLD 3 or 4 stages at Initial visit with the expected difference in the
MARKO guestionnaire scores of two points and 581 of 2.5 points between ‘healthy’
smokers vs symptomatic smokers w, COPD GOLD 1/2 having a statistical power of =80%
with alpha = 0.05 for the sample size of at least 500 subjects. The expected yeardy incidence
rate was planned at 10/per 100 patient-years,

Categorical data were presented as absolute numbers and percentages. Quantitative data
were expressed as mean and standard deviation (SD) or median and interquartile range
(1QR) with regards o the type of distribution. Nomuality of distribution was assessed using
Kolmogorov-Smimov test. Categorical data were compared between subgroups using
chi-square test or Fisher exact test and continwous variables using Mann-Whitney U-test
and Kruskal-Wallis ANOVA (non-normal distribution expected). Secondary validation of
the MARKO questionnaire was done to determine the construct validity and predicability
{alone or in combination with other markers) for future development and/for progression
of COPD, Construct validity of the MARKO questionnaire was assessed wsing factorial
amlysis to confirm the number of factors with caleulations of inter- and intracoreelations
between the factors and items. Utility of different markers for disease progression was
assessed using logistic regression models and expressed as odds ratio (OR} with 95%
confidence intervals (Cls). Predictive power for the models was presented using receiver
operator curve (ROC) analysis with AUC (with 95% Cls) p < 0.05 was used as statistically
significant for all analyses with the correction for multiple comparisons,

RESULTS

Three hundred and twenty patients {186 women) aged 40-65 years at entry were incuded
into this cohort study. Women had a mean (D) age of 51.4 (7.1) years, and men 52.5(7.8)
years (t=1.292, p = 0.198) with a mean smoking history of 31.7 (14.0) years and 42.9(19.5)
pack-years, men having a significantly greater cumulative exposure (t = 5.677, p < 0.001).
BMI was 26.12 (4.51) kgm-2 in women and 27.42 (3.90) kgm-2 in men (t = 2753,

p = 0.006). Post BDY FEV1/FVC was significantly greater in women than in men (mean +
513 0.79 £ 0.06 1 0.77 £ 0,07, t= 3.087; p = 0.002), with comparative post BD FVC (98.0 +
12.6% vs 97,3 £ 13.3%, t = 0475 p = 0.635) and FEV1 (97.2 + 14.4% vs 95,3 + 151%,
t=1132;p = 0259 6MWT (expressed as the % of predicted) was significantly lower in
men (mean £ 5D; 64.4 + 10.8% vs 60.4 + 13.3%, t = 2867 p = 0.005).

In Table 1 results of the exploratory factor analysis are presented as factor loadings.
Three distinct domains were found with fist domain representing questions about
different levels of breathlessness and fatigue, second domain representing questions about
cough and phlegm and third domain representing questions about “exacerbations” (severe
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Table | Factor analysis for MARKD guestionnaire done at baseline (W = 320).

Vartable Factor loadings
Factor (1) Factor (2) Factor {3)
My | 121 0865 0137
Mg 2 114 0550 0083
MOy 3 0.573 0444 0200
MOy 4 0069 0184 0.860
MGyq 5 0.128 0.037 0.878
MGy & 0.688 0343 0172
Mg 7 0.636 0025 {1360
Mg & 0712 0065 0211
Mg 9 .77 0033 0.155
Mg 10 0.726 0302 0027
MGyg 11 0.687 0412 {001
MGy 12 0.663 0373 0075
MGy 13 0.79% 0128 L
MOy 14 0.766 0029 0065
MOy 15 0807 0129 0024
MOk 16 0802 048 0040
MQg 17 0.602 0366 0.021
Mg 16 0.636 0390 0.016
Expl Var TA81 2548 1431
Prp.Totl 0393 142 0102
Mavbe:

Mk, M ARKC questionmaire quesfion mumiber; bald text represents significant factor lasdings.

cold with cough or bronchitis and use of antibiotics for a severe cold with cough or
bronchitis) during the past year.

Follow-up visit

Changes between baseline and foll ow-up visit are presented in Table 2. Not many changes
were seen when the sample was assessed as a whole group. 1t can be seen that as expected
smoking history was significantly greater (p < 0.001) after 2 years. Dyspnea (mMRC) was
however significantly lower (p < 0.001) despite the fact that lung function was significantly
warse (p < 0,001 for FYC, FEV1, and Tiff), except for post BD PEF (p= 0209). The results
of the M) were significantly better (p = 0,001}, but CAT score was comparable (p = 0,238),
SGRO activity score was worse (p = 0.043 ) and impact, symptoms and total scores were
comparable (p > 0,05 for all).

Incident COPD

Incident COPD at the follow-up visit was determined in 33 subjects, with a rate of
4.911/100 patient-years (95% CI [3.436-6816]). In Table 3 comparison of baseline
characteristics between incident COPD group and other subjects is shown. There were
significantly more males (75.8% 15 37.3%, p < 0.001) with a significantly higher smoking
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Tuble 2 Comparison of baseline and folow-np visit data (V= 320).

Varkables Baseline Follow-ap Paired differences
Mean i) Mean sD Mean 5D @5% Ol P
Body welght (kg) TO04 16,11 THO5 1673 i 4.93 [.54 to 1.55] 251
Smoking history {piy) 1632 17.45 ETY 5] 805 141 211 [2.04- 157 <01
Comarbidities (Ma) .68 0.7 a3 A0 —5 080 [~t1.14. to {4 1,284
Chronic therapy {No) 084 1.14 (%] 135 —008 117 [—6.21 to 5] 144
mMBC 067 .78 a7 066 —029 079 [~0.2% 1o —0.11] 001
Post B0 EVC (L) 410 1.03 184 LK) —037 044 [-031 to—022] <01
Post BD EVC (% predicted) 9771 118 G145 1388 —487 142 |—6.04 10 —3.70] 001
Post BD EVC {z-scnme) 017 0.94 52 100 —034 0.76 [-043 to —0.26) 0]
Post BDFEVL (L) EAL] .80 106 078 ~i114 0.33 [~ o —0.10] 0]
Post BD FEV L (% predicted) 9644 147 G418 1557 —225 972 [-334 to—1.16] 0]
Post B EEV 1 {z-scame) —035 1.08 ~04D L1z —15 0.73 [-0:23 o —07] 001
Past BD TIFF (%) 7822 676 B4 760 182 555 [1.30-253] 001
Paost BD TIFF (% predicted) 9829 827 L0110 937 241 7.01 [208-358]) 001
Post BD MEF25 (Lis) L17 0.58 166 546 049 587 [-0.17 to 1.18] 0010
Past BD MEF50 {Lfs) 387 L4g 375 148 —012 .86 [~0.21 to—002] {002
Post BD PEF (145 7.70 209 759 217 —011 L [-0.27 to 0.05] 0200
M ARKD guestionnalre | scare) 1310 908 1047 #42 ~L13 7.31 [-195 to—0.32] 0001
CAT saare 973 .98 a5 6l ~{158 7.05 [-137 to021) 0,238
SGRG activity score 2372 19,82 2959 1828 —t13 22 76 [~3.74 to 1 49] 0,583
SGRO impact score A6 10,75 a7 971 L1l 12,83 [~0.36 to 2.5 01043
SGRQ systeins score 2038 19,19 a2 1831 003 2384 [-2.70 ta 276 0756
SGRQ totat score 1485 1268 1520 1151 035 14.72 [-1.35 to 205] 01,342
Mok es:

* Wikoxon Bt?.irnd::.mp]ﬂj.

v, pack-yeam of smoldng mMBC, mosdified Medicsl Research Councl dysprsa scale; BD, bronchosdileton FVC, foraed vital capacity; FEV 1, broed expiramnry volume
i 1 5 TIFE, Tiflenesuindex -['FE‘V].I'F’I."‘(:J.'hEEES, mid:-ﬂqxiﬂd.uur fbowat 75% of FViC; MEFSQ, mid-u;ind.uur fbow a1 5P of FVL: PEF, pmleqnnm':,- Tl AT,
COPD Asesment Test; SR, S0 Gmgi: TespirTiTy questionnaire

exposure (4299 vs 35.52 pack-years, p = 0.008). As more males were present height and
weight were also significantly larger (p < 0.001 and p = 0.046), Incident COPD subjects had
significantly more obstruction at baseline with lower post BD values for FEV1, Tiffenean
index and MEF25 and MEF50 (p <0001 for all). .FLIL'hou.gh DLCO (% predicted) was
comparable, KCO (% predicted) was significantly lower (p = 0.049). 6MWT showed
comparative results, together with dyspnea (mMRC score), EBT, henmatology and heCRP,
There were also no difference for CAT score, SGRO) domains and total score and MARE(O
questionnaire total score. Significant differences were found for answers to question
number 4 (p= 0014} of M and marginal for questions 3 and 5 (p = 0.064 and p = 0.050).
Multivariate logistic regression was used to define the baseline variables that can predict
incident COPD, The results were shown in Figs. 2 and 3. We found out that questions
about breathlessness ("Have you experenced being breathless during preceding
3 months?") and “exacerbations” ("Have you had a severe cold with cough or bronchitis
during preceding 12 months?™), and male sex were predictive of incident COPD after
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Table 3 Comparison of baseline measures hetween the groups of incident COPD and rest {at follow-up vidt) (W = 320).

Varkible No COPD (n = 287) Incident COPD {n = 33)
Mean sD Mean sD Difference  95% CI P

Age {yrs) 5176 738 5238 T80 062 [—206 1o 3.31] 0.561
Sex {male) 106 373% 25 T5E% <0001
Smoking history [pfy) 35.52 1701 4259 19,18 747 [r23-1371] D008
Time from baseline (yrs) 3] 021 214 022 003 [—05 1o 0.11] 483
Body height {cm) 17108 935 17776 946 6.68 [3:32-1004) <0001
Body weight (kg) 7845 1552 FPT) 1757 5.79 [~003 1o 11.61] 0046
BMI (kgm ) 26,69 432 1652 445 —0.17 [~L74 1o 1.40] 0.841
Heart rate {min ") 7776 1235 7679 fExe 097 [—5.80 to 3.85] 0788
Systolic blood pressure (mmHg) 127.2% 1450 13143 1239 417 [-L42 to 9.76] 0.123
Diiastolic blood pressure (mmHg) 5038 9407 57 908 0.19 [-3.35 0 3.73] 0,893
Commarbidites {No) 0169 078 64 186 .05 [~ 1o 0.34] 11500
Chrenic treatments (Mo .86 1.13 082 125 —0.04 [—045 1o 0.38) 0.591
Post BD FVC [L) 404 Lty 466 115 .62 [:25-0.94) 0003
Post BD FVC (% predicted) 97.74 1283 9747 1441 —0.26 [—5.03 1o 4.50] 0760
Post BD FVC (2 score) .17 082 —0.19 1405 -2 [~0.36 to (.33] 0749
Fost BDFEVL (L) 320 080 313 045 —0.07 [-037 w0 22) 0795
Post BD FEV ] (% predicted) 97.95 1334 #3.35 1511 — 1460 [-19.77 to —0.43] <0001
Post BD FEV1 {z score) —0.14 1402 Ly 113 —L07 [—L45 to —069] <0001
Post BD TIEE (%) 79.51 562 6721 555 —1230 [~H.33 10 -10.237] <0001
Post BD TIFF (% predicted) o481 689 8524 760 —14.58 [17.10 o —1205] <0001
Fost BD TIFF {z score) 01 86 —167 L83 —L68 [~L9% to —1.37] <0001
Fost BD MEF25 (Lis) ta {156 0Ty {135 42 [—163 to—0.20] <0001
Post BD MEF50 (Lfs) 402 143 253 122 —1:50 [—202 to —097) <0001
Post BD PEF (L/s) 7.66 208 801 218 0.35 [—043 10 1.13] 0,199
DLCO (% predicted) 7B.16 1826 7553 3323 —263 [—10.76 1o 5.50] e
KCO (% predicted) 79.30 1939 7L31 2364 —7.9% [—16.02 tor 0] 0049
& MWT {m) 442,39 BHES 43381 10029 —B.57 [—#4.38 to 27.24] 0763
& MWT (%) &3.28 177 5825 1359 503 [~9.7% to —028] 0056
EETh (°C) 3301 2R3 3243 337 —0.58 [~L70 to 0.53] 404
EBTd (*C) —0.08 146 {40 193 0.46 [~016 to 1.08] 0521
REC 469 043 471 04l 0.03 [~14 1o 6.20] 0526
Hgh 14227 JER 14596 1298 360 [-L73 w0 9.13] 0.208
htc 0.43 005 043 0403 .01 [~ to 0,03 0179
WEBC 8.26 157 810 M —iL16 [—098 to .66} 0639
hsCRP 332 40 280 215 —0.51 (220 to 1.17) 0.769
mMEBC 067 077 073 84 0.06 [~0.22 10 0.34) 0770
SGRO activity score 2136 2040 2571 1852 235 [—5.06 10 9.76] 463
SGRO Impact score 7.66 166 956 143 191 [—2.06 to 5.88) .136
SGRQ symptom score 19.54 1642 579 2350 6,25 [~084 1o 13.34] .25
SGRO total scare 14.42 1263 17.15 L2860 273 [—L9% to 7.45) 163
{Contimed)
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Table 1 [continned)

Vartable Mo COPD (n = 287) Incident COPD (n = 33)
Mean sD Mean SD Driffe rence 95% Cl P
CAT (score) G946 (%] jekir s 16l |- to 5.3 052
Mg | Lab 135 191 155 0.50 [ (L0100 LR
Mg 2 L 132 159 152 0.37 [—12 to O8] 0207
Mg 3 el 1.0 106 132 [HE L [ (0e—082] [k
MQq 4 42 .54 [T 55 024 [(4—043) s
MQq 5 3l LEL 050 057 LIRL [ (00037 [IEILS]
MQg 6 63 063 075 067 .12 [-212 to 0.35] 0331
MQg 7 027 n58 028 LR 0,02 [0 to 0.23] 0.7
Mg 8 .25 053 035 N5l 0,00 [~ 24 tor O 1) 0951
MQg 9 024 051 025 44 0,01 [—317 to 0.20] 0574
Mg 10 .56 73 el Likor 13 [—L15 to O.40] 0751
Mg 11 L% 91 134 L 10 [—124 to 0.43] [ e
Mg 12 130 L% 138 079 007 [—i228 to O.42] Leid
MQg 13 D4l 073 056 0.80 015 [ 12 to Qaz] 0.L48
Mg 14 033 e (L3 047 —.2 [-1125 to 0.20] 073
Mg 15 .57 07 063 nrt [IR153 [-0L21 to 0.32] 546
MQq l& fal 0.0 041 [T (X1 |-L26 to (.25] 0774
My 17 L4 078 134 a5 —{.0E [-{136 to 0.2 (387
My 18 L3z LE:H 138 [ (X153 [-1L23 to O3] {5
MO} (total score) 12.89 BAS 1522 10.32 133 [ -Li 1o 5.65] 277
Motes:
2 h&nm W'.Im:uy tewt.

2 BMIL hodly res index; HE, heart mte; BD, bronchadilator; FVEC, forced vital apecity; FEV, fored expimiony wlume in 1 g TIFF, Tiffeneay inde
Ll:_E\"]a’WL‘:tL‘EEF’S m:d.-nqnndn'vﬂtmai?ﬁ“d‘ FWi; MEFSD, n'ud-ﬂpmbun:ﬂﬂwatﬂﬂ%qm{ PEE. u'pum‘bm'gﬂnwﬂ'l'_{]} dﬂumﬁcq:u:ﬂ.ytﬁﬂ:]
carhon memoakde; KO, mbu:mmdgm{umfﬁamﬁm Gomin walk test; ER Th, basedine hreath Lemperatune; EBT, d,d.ﬂhm:nu}u]ndhﬂ:
Eempaature after smoking 2 cigarete; RBC, red blood cell count; Figh, hemaglobin; hic, hemaiecrit WBC, w]n'be!nkun{ od] coumnt; CRP, high-sensitivity O-reactive
protein mMRC, madifiel Medical Research Councll dyspnes scale CAT, COPD Azesment Test SGRO), 51 Gaorge's respiratory questionmaire; MO, MARKD
questismmaine; MOk MABRKD questimnaine spuestion numher.

2 years follow-up (AUC 0.79, 95% C1 [074-0.84], p < 0.001) (Fig, 2). A 55% increase in
odds for incident COPD was found for an increase in score to goestion 3, and an 243%
increase in odds for increase in score © question 4 with the 11 times increased odds in
miale subjects.

When only active smokers were analyzed a change in EBT afiera cigarette (AEBT) was
added to a previous model (AUC 0.83, 95% CI [0.78-0.88], p < 0,001) (Fig. 3). A 29% of
increase in odds for each 0.01 °C of EBTd, 69% increase in odds for incident COPD was
found for an increase in score to question 3, and an 333% increase in odds for increase in
score to question 4 with the almost 11 times increased odds in male subjects.

DISCUSSION

Aside from smoking cessation for active smokers, there are no disease modifying therapies
for COPD (Sin, 2023), By the time patients develop spirometric obstruction, they have lost
nearly half of their small airways and a third of their gas-exchanging units (Koo et al, 2018)
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Figure 2 Forest plot of the results of the multivariate logistic regression for the prediction of
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Flgaure 3 Forest plot of the results of the multivariate logistic regression for the prediction of

incident COPD in active smokers (N = 245). EBTd, change in exhaled breath temperatore after a
smoked cigantte; MO, MARKO questionnaire question number; CIg, confidence intervals.
Full-sive K&l DO 10,7717/ peer). 16650, fig-3

and their disease is “fived” and cannot be modified (Stolz ef all, 2022). AsTung regeneration
is not possible at this point, it is crucial to identify "COPD® patients hefore they develop
airflow limitation on spirometry and intervene at these early stages of disease, The
importance of this stage is recently recognized and has different labels as “pre-COPD" and
“early COPD" (Celli et al, 2022), No matter how we call it, for disease modification
patients have to be identified at this stage of disease, More sensitive technologies (CT and
hyperpolarized gas MRI, impulse oscillometry, body plethysmography and
cardiopulmonary exercise tests) are required to make this diagnosis. That would implicate
tor test all the symptomatic smokers, but in the studies, up to 50% of smokers have some
symptoms ( Woodruff ef al,, 2016) but only 8% of them will develop COPD so better
stratification of smokers at risk is needed

Clinical course of COPD is often complicated by exacerbations and episodes of
worsening of respiratory symptoms which contribute to disease progression. The
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importance of COPD exacerbations cannot be overstated. The latest GO LD guidelines are
specially addressing the problems of exacerbations and are focused on their prevention.
Exacerbations can canse damage to the airways and lungs, leading to a more rapid decline
in lung function over time. Addressing exacerbations promptly and effectively can
improve quality of life, prevent further lung damage, and reduce healthcare costs
{Wedzicha, 2004),

Even a single COPD exacerbation can result in a significant increase in the mte of
dedling in lung function {Halpin ef al, 20017 Dransfield et al, 2017), Frequency of
exacerbations contributes to long term decline in lung function of patents with moderate
to severe COPD (Donaldson er al., 2002). Identification and correct assessment of COPD
exacerbations is paramount, given it will strongly influence thermpeutic success (Oliveira
et al, AT

Exacerbations are categorized into mild, moderate, and severe ones in terms of either
clinical presentation (number of symptoms) or utilization of health care resources
(Wedzicha et al, 2013), Most of the current knowledge about COPD exacerbations is hased
on the evidence we have for a moderate and severe exacerbations. Mild COPD
exacerbations are less well studied (Miravitlles ef al, 2004), Even mild and uwnreported
exacerbations might negatively affect the health-related quality of life ((QOL) and lung
function (Wilkinson ef al, 204), Based on a Japanese study, there is also the phenotype of
the frequent mild COPD exacerbator but there is not enough data of the impact of this
phenotype on the course of the disease (Sato er al, 2016).

The results of our investigation showing that the question "Have you had a severe cold
with cough or bronchitis during preceding 12 months?” in the MARKO questionnaire is
predictive for the development of COPD in the population at risk is moving our focus even
further. The question that warrants further investigation is whether those events are the
“exacerbations” of biclogically present but not jet dinically overt COPD?

Exacerbations of COPD are thought to be caused by complex interactions between the
host, bacteria, viruses, and environmental pollution, Respiratory infections are important
triggers of acute exacerbations of COPD (Low & Prowd, 2022), Recent findings connect the
frequency and severity of LRTIs prior to COPD diagnosis with increasing rates of
subsequent exacerbations and increasing risk of all-cause and COPD-related mortality
(Whittaker et al, 2022}, Little is known about the association of lower respimatory tract
infections before chronic obstructive pulmonary disease and future course of the disease,
Based on our results, smokers prone to frequent LET1s could be at increased risk for the
progression of lung damage to dinical COPD, Further investigation should be focused on
the possibility to prevent that and cut the chain of events that lead from biclogical COPD
to clinical one,

Other important finding from our study i that there Is the associaion between the
change in EBT after a smoked cigarette (AEBT) and development of clinical COPD in the
patients at risk. About 8 percent of middle-aged male smokers progress to moderate
COPD over five years (Geijer of al, 2006). Since COPD progression is associated with an
enhanced chronic inflammatory response in the airways and lung tissue to harmful
particles or gases (Vestbo of al, 2013), measuring that inflammatory response could
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separate the susceptible patients from the other smokers. The inflimmation observed in
the lungs of COPD patients appears to be a modification of the normal inflammatory
response to chronic irrdtants such as cigarette smoke. Inflammation in respiratory diseases
causes hypervascularization and increased blood flow In the airway wall with subsequent
increase in the temperature of the affected tissues, and the airway temperature can be a
correlate to peripheral airway inflammation ( Tufvesson of al, 2020),

Wehave previously demonstrated that there is the difference in the change of EBT afier
the cigarette exposure {Labor ¢f al, 2006a) in patients that progress to clinical COPD,
Since those patients are at greater risk for COPD development, measurement of reactivity
of EBT after the acute exposure to the environmental factor (cigarette smoke or other
pollutants) could be the marker of the pathophysiological COPD before the hung func tion
decline. Strict monitoring of those patients for respiratory infections/exacerbations with
early prevention of the elicit exposure could prevent the further irreversible lung injury
and preserve the healthy lung function and postpone or even avert the COPD
development

There are some limitations to our study. The sample size is rather small and the
expected incidence of COPD was not reached. Although we have tested new simple tools as
markers of future COPD some other markers (genetic, epigenetic, metabolomics) could
add some additional value. Also we didn't have a control group of non-smokers of the
same age and sex. This Emitations were due to budget restrictions and one should consider
them when evaluating the results of our study. The positive thing is that we showed that
there is at least a limited power of predictability for incident COPD that lies in simple
markerslike EBT or a questionnaire that could be used globally for screening Our results
however have to be corroborated and validated by other comparable studies and in a
broader population

CONCLUSIONS

Chronic obstructive pulmonary disease (COPDY) is one of the top causes of morbidity and
mortality worldwide. At the time of diagnosis, there is already irreversible Tung damage.
To prevent that, we should define the parameters for detection of patients with early
pathophysiological changes and initiate the necessary measures for preventing further lung
damage. Based on our results, a simple self-administered questionmaire with questions
about breathlessness and severe cold with cough or bronchitis during preceding months
can detect early changes in smokers/ex-smokers. [t seems that also the change of EBT after
the cigarette exposure in smokers can detect early changes. Early interventions based on
these results should be tested for efficacy in COPD prevention.

ACKNOWLEDGEMENTS

The authors wish to thank the consultant Prof. Peter MA Calverley for his valuable advice
regarding study design and the construction/design and review of the MARKO
questionnaire together with psychologists Professors Adrijama Kodtec Duknid and Biserka
Radodevic-Vidatek The anthors would also like to thank the following researchers who
helped in the recruitment of participants and the data collection; Viekosava Amerl-Sakié,

Vrbica et al. (2023), Peer., DOI 10.7717/peer|.16650 113718

100



Peer.)

MID; Ines Balint, MI¥ Merim Bezdrov, MD; Mirgana Bezdrov, MD; Ivana Boban, MDDy
Liiljana Bulat Kardum, MD, Phi¥ Ines Diminié Lisica, MD, PhD Albina Dumid, MD,
PhI¥; Liiljana Ismic, MDY Tajana Jaludic Glunéic, MD; Renata Grguric, MD; Monika Jedud,
MD; Divo Ljubidié, MD; Tina Lukié, MD; Lifljana Lulié- Karapetric, MD; Suzana Maltar-
Delija, M D; Dubravka Margaretié, MD; Davorka Martinkovié, MD; Zdenka Medtrovié,
MI; Nataf Mrduljaé-Duié, MD; Jasna Nagyszombaty-Sanié, MD; Darja Nelken- Bestvina,
MDDy Sanja Popovic Grle, MD, PhD; Sanda Pribic, MD; Jadranka Radman, MDY Rosanda
Rosandié- Plasevoli, MD; Alen Stojanovic, MDDy Karda Tudja, MD; Neven Tudorié, MD,
Phi¥; Bojana Vakanjac, MD%; Vanja Viali, MD.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

The study was funded by an unrestricted grant from GlaxoSmithKline (GSK eTrack
number: CIT114338). Prof, Davor Plavec and Dr, Zarko Vrbica as principal investigators
and the Children's Hospital Srebmjak have for the purpose of an investigator initiated
siudy MARKO (Clinical Trials gov Identifier N CT0155067%) received an unrestricted grant
from GlaxoSmithKline. GlaxoSmithKline has not influenced the study design or study
protocol, has no ownership rights over data gathered by the study and has no influence on
this and further publications arising from data gathered through this stuody. The funders
had no role in study design, data collection and amlysis, decision to publish, or
preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
GlaxoSmithKline: CRT114338,

Competing Interests

Plavec Davor is an Academic Editor for Peer]. Plavec Davor is employed by Prima Nova,a
private health institution. The authors declare that they do not have any other competing
interests.

Author Contributions

e Zarko Vrbica conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures andfor tables, authored or reviewed drafis of the
article, and approved the final draft.

s Justinifa Steiner performed the experiments, analyzed the data, prepared figures and/or
tables, authored or reviewed drafts of the article, and approved the final draft

e Marina Labor performed the experiments, analyzed the data, prepared figures and/or
tables, authored or reviewed drafts of the article, and approved the final dmft

o lvan Gudelj performed the experiments, analyzed the data, prepared figures and/or
tables, authored or reviewed drafts of the article, and approved the final draft

Vrbica et al. (2023), Peerd, DOI 10.7717/peer| 16650 11418

101



Peer.

o Davor Plavec conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, anthored or reviewed drafts of the
article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e, approving body
and any reference numbers):

The study for all investigational sites was approved by the Children's Hospital Srebmjak
Ethics Committee. The IRE approval and Consent forms were already reviewed for the
already published manuscript and approved when the protocol of the study was published
(http:!{dx.doiorg/ 101 186/51 2890-017-0378-6).

Data Availability
The following information was supplied regarding data availability:
The raw data are available in the Supplemental File,

Supplemental Information
Supplemental information for this article can be found online at httpy/ de.doLorg/ 107717/
peerj. 16650#supplemental- information,

REFERENCES

Celli B, Fabbri L, Criner G, Martinez F], Mannino D, Vogelmeier C, Montes de Oca M, Papi A,
Sin DD, Han ME, Agusti A, 2022 Definition and nomenclature of chronic chstructive
pulmonary discase time for its revision, Ameatoan Journal of Respiratory and Critical Care
Medicire 206(11):1317-1325 DOI 10,1 164 rocm, 2022 (4-067 1P E

Donaldson GC, Seemungal TA, Bhowmik A, Wedzicha JA. 2002, Relationship bebereen
exacerbation frequency and long function decline in chronic obstructive pulmonary disease,
Thorax 57(10):847-852 DOT 10,1136/ thorax 57, 10,847,

Dransficld MT, Kunisaki KM, Strand M], Amzueto A, Bhatt 5P, Bowler RP, Criner GJ,
Curtis JL, Hanania NA, Nath H, Putcha N, Roark SE, Wan ES, Washko GR, Wells | M,
Wendt CH, Make B], COPD Gene Investigators, 2017, Acule exacerhations and lung fundion
loss in smokers with and without chronic obstructive pulmonary disease, American Joumal of
Respiratory and Criticl Care Medicine 195(3):324-330 DO 00,0 164 rocm, 20 0605-100 400,

Geijer BM., Sachs AP, Verheij T], Salomé PL, Lammers JW, Hoes AW, 2006, Incidmoe and
determinants of moderate COPD (GOLD 1) in male smokers aged 40-65 years: S-year follow
up. The British Jourmal of General Practice the Jourmal of the Royal College of General
Practitioners 56(530):656-661,

GOLD, 2023, The global strategy for diagnosis, management and prevention of COPD (updated
2023). Available at www goldeopd org (accessed 15 August 2023),

Halpin DMG, Decramer M, Celli BR, Muoeller A, Metadorf N, Tashkin DP, 2017, Effed of a
single exacerbation on decline in lung fundion in COPD. Respiratory Meadicine 128(5 Pt
136591 DO 101016/ rmed. 201704 013,

Jones PW, Harding G, Berry P, Wiklund I, Chen WH, Kline Leidy N, 2009, Development and
first validation of the COPD asscssment test. European Respiratory Jourmal 34({3 648654
DO1 D TIR3AO903 193600102509,

Vrbica et al. (2023), PeerJ, DOI 10.7717/peer]16650 1518

102



Peer.

Jones PW, Quirk FH, Baveystock CM, Littlejohns P, 1992 A selb- complete measure of health
status for chronic airflow limitation. The 5t George's respiratory questionnaire. The American
Review of Respiratory Disease 145(6):1321-1327 DOD 10L1 164 sjfrocm/ 1456 1321,

Koo HE, Vasileco DM, Booth 5, Hsich A, Katsamenis OL, Fishbane N, Elliott WM, Kirhy M,
Lackie P, Sinclair 1, Wamer JA, Cooper JD, Coxson HO, Paré PD, Hogg JC, Hackett TL
2018, Small airways disease in mild and moderate dhronic obstructive pulmonary discase: a
criss-sectiomal study, The Luncet Respiratory Medicine 6{8):591-602
DO 101016/5221 3-2600( 1 8130 196-6.

Labor M, Vrbica Z, Gudelj 1, Labor S, Juric I, Plavec I). 20164, Exhaled breath temperature as a
novel marker of luture development of COPD: results of & follow-up study in smokers, COPD
136):741-749 DO 103109/ 1541255520 160 141249,

Labor M, Vrbica Z, Gudelj I, Labor 8, Plavec D. 2016b, Diagnostic accuracy of a pocket soecning
spirometer in diagnosing chronic obstructive pulmonary disease in general practice a cross
sectional validation study using tertiary care as a reference. BMC Family Practice 17(1k112
DOT 10 1186/ 12875-016-0518-8,

Ligir 7, Bikov A, Martinovsiky F, Galffy G, Losoncry G, Horvith L 2014, Exhaled breath
temperature in paticnts with stable and exacerbated COPD. Jowrmal of Breath Research
B{4):46002 DO 101088/ 17 52-7 155/8/4/046002,

Live ME, Proud D, 2022, Respiratory viral and baderial exacerbations of COPD-the role of the
airway epithelivm, Calls 11(9:1416 DOL 103390/ cells 11091416,

Lundbick B, Lindberg A, Lindstrim M, Ronmark E, Jonsson AC, Jonsson E, Lamson LG,
Andersson 5, Sandstrim T, Lamsson K, Obstructive Lung Discase in Northem Sweden
Studiem. 2003. Not 15 but 50% of smokers develop COPDf—report from the ohstructive lung
disease in northern swedm studies, Respiratory Medicne 97(2):115-122
DO 101053 frmed, 2003.14446,

Martinez F], Agusti A, Celli BR, Han ME, Allinson JP, Bhatt 5P, Calvedey B, Chotirmall SH,
Chowdhury B, Darken P, Da Silva CA, Donaldson G, Dorinsky P, Dransfield M, Faner R,
Halpin [¥M, Jones P, Krishnan | A, Locantore N, Martinez FD, Wedzicha JA. 2022,
Treatment trials in young pationts with chronic ebstructive pulmonary discase and pre-chronic
obstructive pulmonary disease patients; ime to move forward. American Jowrnal of Respiratory
ared Critical care Madicime 205(3)275-287 DO 1001164 reem 202107 - 166350,

Mathers (I, Loncar IV, 2006, Projections of global mortality and burden of disease from 2002 o
2030. PLOS Medicime 3(11):e442 DOI 10137 Vjournal, pmed (003044 2,

Miravitlles M, Ferrer M, Pont A, Falacain B, Alvarez-Sala JL, Masa F, Verca H, Murio C, Ros F,
Vidal R, IMPAC Study Growp, 2004, Effect of exacerbabions on quality of life in patients with
chronic obstructive pulmonary disease: a 2 year follow up study, Thorax 59(5):387-395
DOT 10,1136/ tha 2003008730

Olivera AS, Munhd |, Bugalho A, Guimardes M, Reis G, Marques A, GI DPOC Grupo de
Interesse na Doena Pulmonar Obstrutiva Cronia, 2017, Identificaion and assessment of
COPD exacerbations. Pulmonology $2173-5115(17):30165-30173
DOT L1016/ rppoen 201 7. 10,006,

Popov TA, Dunev 5, Kralimarkova TZ, Kraeva 5, DuBoske LM, 2007, Evaluation of & simple,
potentially individual device for exhaled breath temperature measurement. Respiratory Medicne
101{10):2044-2050 DO 101006 romeed, 2 007,06 005,

Popov TA, Kmlimarkova TZ, Labor M, Plavec I, 207, The added value of exhaled breath
temperature in respiratory medicine. fournal of Breath Research 11(3):034001
DO 01088/ 17 52-7 163 faa 7RO,

Vrbica et al. (2023), Peerd, DOI 10.7717/peer|16650 1 16/10

103



Peer.)

Ouanjer PH, Stanojevic 8, Cole T, Baur X, Hall GL, Colver BH, Enright PL, Hankinson JL,
Ip M5, Zheng |, Stocks |, ERS Global Lung Fundion Initiative. 2002, Multi-cthnic reference
values for spirometry for the 3-95-yr age range: the plobal lung fimction 2012 equations.
Evropean Respiratory Journal 40(6)1:1324-1343 DOT 1O01TTE3 0903 1936 000803 12,

Roa |, Rodrguez-Roisin B, Cobo E, Burgos F, Percz |, (Jawsen JL. 19990, Single-breath carbon
monode diffusing capacity prediction equations from a Mediterranean population. Amrérican
Review of Respiratory Disease 141(4 Pt 1):1026-1032 DO 000 164 ajroom/ 1414 Pt _1.1026.

Sato M, Chubachi 5 Sasald M, Haraguchi M, Kameyama N, Tsulsumi A, Takahashi §
Makamura H, Asano K, Basuyakn T. 2006. Impact of mild exacerbation on COPD symptoms
in a Japanese avhort. Imternational Jowrral of Chromic Obstructive Pulmorary Dissase
1512691278 DO 10. 2147 COPD.S105454,

Sin D). 2023, The Importance of early chronic obstructive pulmonary disease alecture from 2022
Asian Pacific sedety of respirology. Tuberculoss and Respiratory Diseaszes 86(2):71-51
DOT 104046/ trd 20230005,

Stole D, Mkorombindo T, Schumann [XM, Agusti A, Ash 5Y, Bafadhel M, Bai C, Chalmers JD,
Criner GJ, Dharmage SC, Franssen FME, Frey U, Han M, Hansel NN, Hawkins NM,
Kalhan R, Konigshoff M, Ko FW, Parckh TM, Powell P, Rutten-van Milken M, Simpson |,
Sin DD, Song Y, Suki B, Troosters T, Washko GR, Welte T, Dransfidd MT. 2022, Towards
the elimination of chronic obstructive pulmonary disease: 2 lancet ovm mission. Larnce
400(10356):921-972 DO 101016750 140-67 3622 )01 273-9,

Troosters T, Gosselink R, Decramer M. 1999, Six mimuete walking distance in healthy elderly
subjects. European Respiratory Jowrmal 14(2)270-274 DO 10103451 3959-3003, 1999, 14h06

Tufvesson E, Nilsson E, Popov TA, Hessclstrand R, Bjermer L. 2020, Fractional exhaled breath
temperature in patients with asthma, dironic chstoctive pulmonary disease, or systemic
sclerisis compared to healthy contrals, European Clinical Respiratory fourmal 7(1):1747014
DO 101080/ 2001 8525 2020.1 74714,

Vestho ], Hurd 55, Agusti AG, Jones PW, Vogelmeier C, Anzueto A, Barnes PJ, Fabbri LM,
Martinez FI, Nishimuora M, Stockley RA, Sin DD, Rodriguee-Roisin R, 2003, Global strategy
for the diagnosis, management, and prevention of chronic chstructive pulmonary discse
GOLD meecutive summary. American fournal of Respiratory and Critical Care Medicine
187(4):347-365 DOT 101164/ rocm 20 1204 -0596PF,

Vrhica Z, Labor M, Guddj I, Labor 8, Jurié I, Plavec D, MARKO Study Group. 2017, Early
detection of COPD patimis in GOLD 0 population: an observational non-interventional cohort
study— MARKO study, BMC Pulmomary Mediciee 17(1):36 DO 10, 1186/5128940-017-0378-6,

Vrbica £, Labor M, Kodtec Duknic A, Radodevic-Vidadek B, Gudelj I, Labor S Juric I,
Calverley PM, Plavec D, 2016. Development and the initial validation of 2 new
self-administered questionnaire for an early detection of health status changes in smokers at risk
for chronic ohstrodive pulmonary disease (MARKD questionnaire). Croatian Medical Jouwrmal
S57(5)425-433 DO 103325/ cmij. 201657 425,

Wedzicha JA. 2004 Early therapy improves outcomes of exacerbations of chronic chstructive
pulmonary discase American Jourmal of Respiratory and Critical Care Medicine
169(12):1298-1303 DOT 1011 & recm 200 310- 144300,

Wedzicha JA, Decramer M, Ficker |H, Niewochner DE, Sandstriim T, Taylor AF, " Andrea P,
Arrasate C, Chen H, Baneri D. 2013, Analysis of chronic obstructive pulmonary discase
exacerbations with the dual bronchodilator QVAI49 compared with gly@pyrronium and
totropium (SPARK): a mndomised, double-blind, paralld-group study. The Lancet Respiratory
Medicine 1(3):199-209 DOT 10.1016/522 13- 260001 3)70052-3,

Vrbica el al. (2023), Peerd, DOl 10.7717/peer|.16650 I | 17/18

104



Peer.)

Whittaker H, Nordon C, Rubino A, Morris T, Xuo Y, De Nigris E, Miillerovd H, Quint JK. 2022,
Frequency and severity of respiratory infections prior to COPD diagnosis and risk of subsequent
postdiag nosis COPD exacerbations and mortality: EXACOS-UK health care data study. Thorax
TA(B)7e0-766 DO 10,1136/ thorax-2022-2 19039,

Wilkinson TM, Donaldson GC, Hurst JR, Seemungal TA, Wedezicha [ A. 2004 Early therapy
improves outcomes of exacerbations of chronic obstructive pulmonary disease. Amterican
Jourmal of Respiratory and Critical Care Medicine 169(12): 1298-1303
DOT 10 1164 reom 2003 10- 144300,

Woodrmuff PG, Barr RG, Bleecker E, Christenson SA, Couper [, Curtis JL, Gouskova NA,
Hansel NN, Hoffman EA, Kanner RE, Kleerup E, Lazarus S5C, Martinez FJ, Paine R I11,

Rennard 5 Tashkin DP, Han MK, SPIROMICS Researdh Group. 2016, Clinical Significance
of symptoms in smokers with preserved pulmonary function, New England Journal of Medicing
374{19)1811-1821 DO 101056/ NE [Moal 50597 L

Virblea et al. (2023), PeerJ, DOI 10.7717/peer| 16650 [ 115

105



4. ZNANSTVENI DOPRINOS OBJEDINJENIH RADOVA

Prikazani radovi dio su rezultata projekta MARKO (MArkeri Rane dijagnostike bolesti u ispitanika
rizi¢nih za razvoj KOPB-a ). Provodenjem MARKO protokola po prvi je puta za Hrvatsku utvrdena
pojavnost KOPB-a u nedijagnosticiranih osoba iz rizi¢ne skupine (pusaci/bivsi pusaci). Takoder je
po prvi puta utvrdena ucestalost komorbiditeta u pusaca/bivsih pusaca razlicite razine simptoma te
stupnja tezine KOPB-a. Time je prvi puta utvrdena veli¢ina problema u navedenoj populaciji te
utvrden temelj za daljnja istrazivanja i moguce intervencije u populaciji u kojoj KOPB nije do sada
dijagnosticiran, a postoji znacajni rizik za razvoj istog. Rezultati ovog istrazivanja omogucuju analizu
nase populacije i planiranje daljih znanstvenih istrazivanja i javno zdravstvenih aktivnosti prema
stanju u RH. Takoder je ovim istrazivanjem razvijen i definiran novi alat za procjenu i prac¢enje pusaca
s rizikom za razvoj KOPB-a kao 1 oboljelih od blazih oblika KOPB-a. Novo razvijeni MARKO
upitnik je pokazao znacajnu povezanost s rezultatima postojecih kompleksnijih HRQoL upitnika koji
su previSe komplicirani za redovitu klinicku uporabu te nedovoljno osjetljivi za otkrivanje i
razlikovanje pocetnih oblika KOPB-a. MARKO upitnik je prvi puta pokazao da je HRQoL upitnikom
moguce razlikovati rane oblike bolesti, a ispitan je u nasoj populaciji. Takoder je utvrdeno da je
primjenjiv u ambulantnim uvjetima uz moguénost samo-ispunjavanja od strane ispitanika Sto
omogucuje njegovu Siroku primjenu (probir) te time olakSava dalja znanstvena istrazivanja KOPB-a.
MARKO upitnik je moguée prevesti i na druge svjetske jezike. Kako je Siroki zahvat u pracenju
rizi¢nih puSaca i oboljelih od KOPB-a u op¢oj populaciji znacajno ograni¢en smanjenom dostupnosti
i relativnoj kompleksnosti spirometrije (tehnicki i1 interpretacijski zahtjevna) kao temeljnog
dijagnostickog postupka u dijagnostici i prac¢enju KOPB-a, studijom je utvrdena moguénost uporabe
jednostavnog priru¢nog analizatora pluéne funkcije (COPD6) na razini primarne zdravstvene zastite.
Utvrdeno je da je COPD6 pouzdano sredstvo u rukama lije¢nika obiteljske medicine te je utvrden
preporuceni algoritam njegove uporabe koji omogucuje Sire pracenje populacije pod rizikom za
razvoj KOPB-a. Studija je prvi puta definirala mjerenje temperature izdahnutog zraka prije i nakon
udisanja duhanskog dima kao biljega aktivnosti upalnog procesa u KOPB-u. Navedena spoznaja
otvara nove mogucnosti diferenciranja osjetljivih pusaca i analiziranja ranih patofizioloskih procesa
koji dovode do oste¢enja plu¢a u KOPB-u. PogorSanja (egzacerbacije) KOPB-a su jedan od temelja
pogorsanja bolesti. U nasem ispitivanju je domena odgovora o respiracijskim infekcijama povezana
s incidencijom KOPB-a u pracenoj populaciji. Navedeno je zna¢ajna novost koja upucuje na potrebu

redefiniranja termina egzacerbacija KOPB-a i analizu ucinka blagih egzacerbacija na progresiju
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bolesti u rizi¢noj populaciji. To otvara cijelo podrucje novih istrazivanja u cilju boljeg razumijevanja

patofiziologije ranih promjena u KOPB-u.
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