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1. Streszczenie

Celem pracy byta kompleksowa ocena wspotzaleznos$ci miedzy wzorami zywieni oraz
przestrzeganiem rekomendacji dotyczacych profilaktyki raka ptuc i ryzykiem raka pluc u
mezezyzn.

Badanie typu kliniczno-kontrolnego zrealizowano u 439 me¢zczyzn w wieku 45-80 lat
z poOtocno-wschodniej Polski. Probe kliniczng stanowito 187 mgzczyzn z nowo
zdiagnozowanym rakiem ptuc, a probe kontrolng 252 me¢zczyzn bez tego rodzaju raka. Dane
zbierano w latach 2013-2017.

Dane zywieniowe dotyczace spozycia 62 grup zywnosci zebrano za pomocg
zwalidowanego kwestionariusza czestotliwosci spozycia zywnosci o akronimie FFQ-6® w
wywiadzie przeprowadzonym indywidualnie. Do identyfikacji wzoré6w zywienia (DP)
zastosowano dwa podejscia — oparte na danych 1 oparte na zalozeniach wstepnych
(predefiniowane). Wzory zywienia oparte na danych zidentyfikowano za pomoca analizy
gléwnych skladowych (PCA-DP). Zastosowano dwa rodzaje predefiniowanych wzorow
zywienia: (i) wskaznik dostosowania diety do diety srodziemnomorskiej (MED) w polskiej
adaptacji (‘Polish-aMED®’), opracowany przez Krusifnskg i in. [1], (ii) wskaznik
dostosowania diety do rekomendacji WCRF/AICR z roku 2018 dotyczacych profilaktyki raka
(‘Wskaznik WCRF/AICR’), ktory zaadaptowano do rekomendacji profilaktyki raka phuc
(‘Wskaznik Ad-LC WCRF/AICR”), opracowany na potrzeby niniejszych badan.

PCA-DP zidentyfikowano przez wiaczenie do analizy danych dotyczacych
czestotliwosci spozycia 62 grup zywnosci po ich logicznym potaczeniu w 23 grupy zywnosci.
Wzory nazwano adekwatnie do najczgsciej spozywanych grup zywnosci, tj. tych, ktore
wykazywaly najwigksza korelacje ze wzorem zywienia jako zbiorem cech. Zidentyfikowano
trzy PCA-DP: ‘Rozsadny’, ‘Zachodni-tradycyjny’ i ‘Stodki-mleczny’. Dla kazdego PCA-DP
oddzielnie okreslono dostosowanie diety mezczyzn do wzoru w oparciu o podziat tercylowy,
w pierwszym tercylu znalazly si¢ osoby o matym dostosowaniu do wzoru, w drugim tercylu —
o $rednim, a w trzecim tercylu — o duzym dostosowaniu do wzoru.

Wskaznik diety $rodziemnomorskiej obejmowat wyrdzniki tradycyjnej diety
srédziemnomorskiej — skorelowane z nim dodatnio (owoce, warzywa, petnoziarniste produkty
zbozowe, ryby, rosliny stragczkowe, orzechy i ziarna, iloraz czestotliwos$ci spozycia tluszczow
ro$linnych do tluszczow zwierzecych) i1 ujemnie (migso czerwone 1 jego przetwory,
naduzywanie alkoholu). Jego adaptacja polegala na zastgpieniu oliwy z oliwek olejami
ros$linnymi podczas obliczania ilorazu czestotliwosci spozycia tluszczow roslinnych do
thuszczéw zwierzgcych, aby odzwierciedli¢ specyfike polskiej diety oraz przyjecia innego
systemu wyznaczania progéw odcigcia (opartego na medianie), respektujac idee i zasady
konstrukcji oryginalnego wskaznika. Wskaznik 'Polish-aMED® obliczono jako sume
punktow. Oryginalny ‘Wskaznik WCRF/AICR’ skladal si¢ z o$miu wyrdznikéw
stanowigcych rekomendacje, a jego adaptacja polegata na usunigciu rekomendacji dotyczace;j
kobiet i dodaniu rekomendacji dotyczacej palenia tytoniu (wyrazonego w paczko-latach) oraz
zmianie wszystkich kryteriow i/lub systemu punktowania o$miu wyrdznikéw, respektujac
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ide¢ 1 zasady konstrukcji oryginalnego wskaznika. ‘Wskaznik Ad-LC WCRF/AICR’
obliczono w obliczono jako sume punktow. W obu wskaznikach po ich adaptacji nie zmienit
si¢ zakres punktow (‘Polish-aMED® zakres: 0-9 pkt; ‘Ad-LC WCRF/AICR’ zakres: 0-8 pkt)
okreslajacy stopien dostosowania diety do wskaznika (predefiniowanego DP). Wyniki
intepretowano w nastepujacy sposob: im wigcej punktow, tym lepsze dostosowanie diety do
predefiniowanego DP.

W analizie statystycznej wykorzystano analize regresji logistycznej (bez adjustacji i z
adjustacja na czynniki zakldcajace) do oszacowania ilorazu szans (OR) i 95% przedziatu
ufnosci (95%CI) ryzyka raka ptuc w zaleznosci od stopnia dostosowania diety mezczyzn do
wzoroOw zywienia. W analizie uwzgledniono palenie tytoniu, ktére bylo podstawa do
pogrupowania mezczyzn na: nigdy nie palgcych (0 paczko-lat), umiarkowanie palagcych i
duzo palacych (>11 paczko-lat).

Wykazano, ze u m¢zczyzn o duzym dostosowaniu diety do wzoru ‘Rozsadnego’ ryzyko
raka pluc bylo mniejsze o 28% (adjustowany OR=0,72; 95%CI 0,53-0,96) w poréwnaniu z
mezczyznami o matym dostosowaniu diety do tego wzoru. U me¢zczyzn umiarkowanie
palacych i o duzym dostosowaniu diety do wzoru ‘Rozsadnego’ ryzyko raka ptuc byto
mniejsze 0 41% (adjustowany OR=0,59; 95%CI 0,39-0,90) w poréwnaniu z me¢zczyznami
niepalgcymi 1 o matym dostosowaniu diety do tego wzoru. Wzory ‘Zachodni-tradycyjny’ i
‘Stodki-mleczny’ nie byly istotnie zwigzane z ryzykiem raka ptuc u me¢zczyzn umiarkowanie
palacych 1 m¢zczyzn ogdtem (bez uwzglednienia statusu palenia). U mezczyzn duzo palacych
zaden z trzech PCA-DP nie byt istotnie zwigzany z ryzykiem raka ptuc. Mniejsze ryzyko raka
ptuc 0 66% (adjustowany OR=0,34; 95%CI 0,15-0,76) mieli m¢zczyzni umiarkowanie palacy
z duzym dostosowaniem diety do ‘Polish-aMED®’ (7-9 pkt), a mniejsze 0 65% (adjustowany
OR=0,35; 95%CI 0,18-0,65) me¢zczyzni umiarkowanie palacy ze $rednim dostosowaniem
diety do ‘Polish-aMED® (4-6 pkt) w poréwnaniu do mezczyzn niepalacych i z malym
dostosowaniem diety (03 pkt). U mezczyzn duzo palgcych zaden z poziomoéw dostosowania
ich diety do ‘Polish-aMED®” nie byt istotnie zwiazany z ryzykiem raka ptuc.

Ryzyko raka ptuc w pelnym modelu, uwzgledniajacym wszystkie rekomendacje ujete
we ‘Wskazniku Ad-LC WCRF/AICR’, byto mniejsze o 47% (adjustowany OR=0,53; 95%ClI
0,32-0,88) u 0sob o wickszej zgodnosci z rekomendacjami w poréwnaniu do 0s6b o mniejsze;j
zgodnosci z rekomendacjami. Kazdy 1-punktowy wzrost ‘Wskaznika Ad-LC WCRF/AICR’
zmniejszat ryzyko raka ptuc u mezczyzn o 34% (OR=0,66; 95%CI 0,45-0,95).

Jeden wyr6znik ‘Wskaznika Ad-LC WCRF/AICR’, tj. rekomendacja ,,Ogranicz
palenie”, byt niezaleznie zwigzany z mniejszym ryzykiem raka pluc u m¢zezyzn, bez wzgledu
na zestaw czynnikow zakldcajacych uzyty do adjustacji. Ryzyko raka ptuc u me¢zczyzn nigdy
nie palagcych byto mniejsze o 87% (adjustowany OR=0,13; 95%CI 0,04-0,37), a u m¢zczyzn
umiarkowanie palacych o 45% (adjustowany OR=0,55; 95%CI 0,33-0,91) w poréwnaniu z
mezczyznami duzo palacymi. Analiza zwigzku migdzy ryzykiem raka pluc 1 réznymi
kombinacjami kilku pojedynczych rekomendacji ‘Wskaznika Ad-LC WCRF/AICR’
wykazata, Ze wigksze dostosowanie do kombinacji trzech lub wigcej rekomendacji
zmniejszato ryzyko raka pluc o 39% do 66% u osob o wigkszej (6-8 pkt) zgodnosci z
rekomendacjami w poréwnaniu do 0séb o mniejszej (0-2 pkt) zgodnosci z rekomendacjami.



Badania wykazaty, ze prozdrowotne wzory zywienia, w tym dieta sroédziemnomorska
o polskim profilu, moga sprzyja¢ zmniejszeniu ryzyka raka pluc u me¢zczyzn, w tym u
mezczyzn umiarkowanie palacych, chociaz nie zostato to potwierdzone u mezczyzn duzo
palacych. Potwierdzono wczesniejsze dowody, ze ograniczenie palenia zmniejsza ryzyko raka
pluc u mezczyzn i dostarczono nowych danych, ze palenie tytoniu jest niezaleznym
czynnikiem ryzyka raka ptuc, a takze wspotdzialajacym z dieta, przy czym w przypadku
umiarkowanego poziomu palenia tytoniu prozdrowotna dieta dziata protekcyjnie.

Po raz pierwszy wykazano znaczenie przestrzegania wielu rekomendacji jednoczesnie
w zmniejszaniu ryzyka raka pluc u mezczyzn. Dostarczono mocnych przestanek
wskazujacych, ze przestrzeganie jednoczesnie co najmniej trzech rekomendacji dotyczacych
profilaktyki raka ptuc, odnoszacych si¢ do diety, stylu zycia lub zawartosci ttuszczu w ciele,
moze zapobiega¢ rakowi pluc u mezczyzn, pomimo obecnosci innych niezdrowych
zachowan.



1. Summary

The aim of the study was to comprehensively assess the association between dietary
patterns, adherence to recommendations regarding lung cancer prevention, and the risk of
lung cancer in men.

This case-control study was conducted in 439 men aged 45-80 years from north-
eastern Poland. The clinical sample consisted of 187 men with newly diagnosed lung cancer,
and the control sample consisted of 252 men without lung cancer. Data was collected from
2013 to 2017.

Dietary data on the consumption of 62 food groups was collected using a validated
food frequency questionnaire FFQ-6® during individual face-to-face interviews. Two
approaches were used to identify dietary patterns (DPs) — data-driven and hypothesis-driven
(predefined). Data-driven dietary patterns were identified using the Principal Components
Analysis (PCA-DP). Two types of predefined dietary patterns were used: (i) Mediterranean
diet (MED) score in the Polish adaptation (‘Polish-aMED®™”), developed by Krusinska et al.
[1], (ii) dietary adherence to WCRF/AICR cancer prevention recommendations
(WCRF/AICR Score'), adapted to the recommendation of lung cancer prevention ('Ad-LC
WCRF/AICR Score'), developed for the aim of this study.

The PCA-DPs were identified by including data on the frequency of consumption of
62 food groups after being combined into 23 food groups. These patterns were named
adequately to the most frequently consumed food groups, which were most correlated with
each dietary pattern. Three dietary patterns were identified: 'Prudent, 'Westernized
Traditional' and 'Sweet Dairy'. For each of PCA-DPs adherence to the pattern was determined
separately based on the tertile distribution; with the bottom tertile representing low adherence
to the pattern and the upper tertile representing high adherence to the pattern.

The Mediterranean diet score included the characteristics of the traditional
Mediterranean diet - positively correlated with fruits, vegetables, wholegrain cereal products,
fish, legumes, nuts and grains, the ratio of the frequency of consumption of vegetable fats to
animal fats, and negatively correlated with red meat and meat products, abuse of alcohol. The
Polish adaptation regarding replacing olive oil with vegetable oils when calculating the
quotient of the frequency of consumption of vegetable fats to animal fats to reflect the
specificity of the Polish diet and adopting a different system for determining cut-off
thresholds (based on the median), respecting the idea and construction principles of the
original score. The 'Polish-aMED®" score was calculated as a sum of points. The original
‘WCRF/AICR Score’ consisted of eight components expressing recommendations. It was
adapted by removing recommendations regarding women, adding a recommendation
regarding smoking (expressed in pack-years), and changing all criteria and/or the scoring
system of eight components, respecting the idea and construction principles of the original
score. ‘Ad-LC WCRF/AICR Score’ was calculated as a sum of points. In both component's
scores, after their adaptation, the range of points did not change (‘Polish-aMED®™' range: 0-9
points; 'Ad-LC WCRF/AICR' range: 0-8 points) defining the degree of adherence to the diet
to the score (predefined DP). The results were interpreted as follows: the higher the score
indicates the better adherence of the diet to the predefined DP.
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In the statistical analysis, logistic regression analysis (with and without adjustment for
confounding factors) was used to estimate the odds ratio (OR) and the 95% confidence
interval (95% CI) of lung cancer risk, depending on the degree of the adherence of men's diet
to dietary patterns. The analysis included smoking, which was the basis for grouping men
into: never smokers (0 pack-years), moderate smokers and heavy smokers (>11 pack-years).

Men with a high dietary adherence to the 'Prudent’ pattern were shown to have a 28%
lower risk of lung cancer (adjusted OR=0.72; 95%CI 0.53-0.96) compared to men with a low
dietary adherence to the 'Prudent’ pattern. Moderate smokers with a high 'Prudent’ dietary
adherence had a 41% lower risk of lung cancer (adjusted OR=0.59; 95%CI 0.39-0.90)
compared to non-smokers and a low adherence to this pattern. The "Western-Traditional' and
'‘Sweet-dairy' patterns were not significantly associated with the risk of lung cancer in
moderate smokers and men overall (without taking into account smoking status). In heavy
smokers, none of the three PCA-DPs were significantly associated with lung cancer risk. The
risk of lung cancer was lower by 66% (adjusted OR=0.34; 95%CI 0.15-0.76) in moderate
smokers with a high adherence of the diet to 'Polish-aMED®" (7-9 points), and lower by 65%
(adjusted OR=0.35; 95%CI 0.18-0.65) in moderate smokers with moderate dietary adherence
to 'Polish-aMED® (4-6 points) compared to non-smokers with low dietary adherence (0-3
points). In heavy smokers, none of the levels of adherence of their diet to 'Polish-aMED™" was
significantly associated with the risk of lung cancer.

The risk of lung cancer in the full model, taking into account all recommendations
included in the 'Ad-LC WCRF/AICR Score', was lower by 47% (adjusted OR=0.53; 95%ClI
0.32-0.88) in men with higher compliance with recommendations compared to people with
lower compliance with recommendations. Each 1-point increase in the 'Ad-LC WCRF/AICR
Score' reduced the risk of lung cancer in men by 34% (OR=0.66; 95%CI 0.45-0.95).

The recommendation ‘limit smoking' of the as one of components 'Ad-LC
WCRF/AICR Score' was independently associated with a lower risk of lung cancer in men,
regardless of the set of confounding factors used for adjustment. The risk of lung cancer was
by 87% lower in men who never smoked (adjusted OR=0.13; 95%CI 0.04-0.37) and by 45%
lower in men who were moderate smokers (adjusted OR=0.55; 95% CI 0.33-0.91) compared
to heavy smokers. An analysis of the association between the risk of lung cancer and various
combinations of several single recommendations of the 'Ad-LC WCRF/AICR Score' showed
that greater adherence to a combination of three or more recommendations reduced the risk of
lung cancer by from 39% to 66% in men with higher (6-8 points) compliance to the
recommendations compared to men with lower (0-2 points) compliance to the
recommendations.

Studies have shown that healthy dietary patterns, including the Polish Mediterranean diet,
may help reduce the risk of lung cancer in men, including moderate smokers, although this
has not been confirmed in heavy smokers. Previous evidence has been confirmed that
reducing smoking reduces the risk of lung cancer in men, and new evidence has been
provided that smoking is an independent risk factor for lung cancer and also interacts with
diet, with moderate levels of smoking being protected by a healthy diet. For the first time, the
importance of adhering to multiple recommendations has been demonstrated in reducing the
risk of lung cancer in men. There is strong evidence that adhering to at least three lung cancer
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prevention recommendations related to diet, lifestyle or body fat can prevent lung cancer in
men despite the presence of other unhealthy behaviors.
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2. Wstep

Szacuje si¢, ze w 2018 roku na $wiecie 18 milionow ludzi zachorowalo na nowotwory
zto§liwe, z tego 9,5 miliona dotyczyto mezczyzn i 8,5 miliona kobiet [2]. Rak jest druga
najczestszg przyczyng zgondw na $wiecie (pierwsza to choroby uktadu krazenia) [3]. Rak
phuc jest najczestsza przyczyna zgondw z powodu raka u mezczyzn powyzej 40 roku zycia
oraz kobiet powyzej 60 roku zycia [4]. Glownym powodem duzej $miertelnosci tego rodzaju
nowotworu jest pézna diagnoza wynikajaca z wzglednie dtugiego okresu bezobjawowego i
dlatego jest on najczeSciej wykrywany w zaawansowanym stadium choroby [5].

Etiologia raka jest wieloczynnikowa i obejmuje czynniki, ktore nie s3 modyfikowalne,
takie jak: wiek, predyspozycje genetyczne i niektore czynniki srodowiskowe, podczas gdy
styl zycia, w tym: palenie tytoniu, aktywnos$¢ fizyczna i dieta, s3 mozliwe do zmiany [3, 4, 6,
7, 8]. Zaré6wno modyfikowalne, jak i niemodyfikowalne czynniki moga zwigksza¢ ryzyko
wystgpienia raka pluc [8, 9]. Zwigzek miedzy paleniem tytoniu a rakiem phuc jest
zdecydowanie najsilniejszym i najdluzej znanym modyfikowalnym czynnikiem stylu zycia
[10, 11]. Szacuje sig, ze okoto 90% przypadkow raka ptuc na $wiecie przypisuje si¢ paleniu
tytoniu (w tym réwniez biernemu paleniu) [4, 7]. Palenie generuje ogromng ilo$¢ wolnych
rodnikow 1 jest jednym z kluczowych zrodet stanu zapalnego oraz stresu oksydacyjnego.
Skutki palenia mozna w pewnym stopniu zneutralizowa¢ poprzez spozywanie sktadnikéw o
wlasciwosciach przeciwutleniajacych 1 przeciwzapalnych lub zywnos$ci zawierajacej takie
sktadniki [12]. Spozywanie zywno$ci o wysokiej zawartosci witamin antyoksydacyjnych,
zwigzkow fenolowych, sktadnikow mineralnych i blonnika pokarmowego wptywa korzystnie
na uktad oddechowy [13, 14].

Wedtug Swiatowego Funduszu Badan nad Rakiem (WCRF) [5, 15] istnieja mocne
dowody na to, ze przyjmowanie duzych dawek suplementéw beta-karotenu (u obecnych i
bytych palaczy) zwigksza ryzyko raka ptuc. Natomiast spozywanie warzyw i owocoOw (u
obecnych palaczy i bylych palaczy), zywno$ci zawierajacej retinol, beta-karoten i witaming C
(u obecnych palaczy) oraz zywnosci bogatej w izoflawony (u 0so6b nigdy nie palacych) moze
zmniejszac ryzyko raka ptuc [5, 16, 17]. Dalsze dowody sugeruja, ze spozywanie czerwonego
migsa oraz produktow miegsnych i napojow alkoholowych moze zwigkszaé¢ ryzyko raka ptuc
[5, 18]. Wptyw innych grup zywnosci lub sktadnikow odzywczych na ryzyko raka ptuc jest
ograniczony i do tej pory nie wyciagnieto jednoznacznych wnioskéw o ich dziataniu [5].
Dlatego WCRF/AICER postuluje, ze wazna jest identyfikacja czynnikow Zywieniowych,
ktore moga mie¢ znaczenie w profilaktyce raka, w tym raka ptuc [5, 18]. Wiele
wczesniejszych badan dotyczylo pojedynczych produktéw lub sktadnikéw odzywcezych w
celu oceny zwigzku z rakiem ptuc [18-25]. Jako ze pojedyncze produkty lub sktadniki
odzywcze sa spozywane w kombinacjach i wchodzg ze sobg w interakcje w ztozony sposob,
wazna jest kompleksowa ocena wptywu calej diety na ryzyko choroby. W ocenie tej
wykorzystuje si¢ najczesciej analiz¢ opartg na danych, w tym analize gtéwnych sktadowych
(PCA) tworzac wzory zywienia (DP) [7, 28]. Drugim podejsciem w ocenie wptywu calej
diety sg predefiniowane wzory zywienia, oparte na wczesniejszej wiedzy na temat wplywu
sktadnikow zywnosci 1 stylu zycia na zdrowie, czego przykladem moze by¢ wskaznik diety
$rodziemnomorskiej (MED) oraz ‘Wskaznik WCRF/AICR’. Swiatowy Fundusz Badan nad
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Rakiem zwraca uwage, ze nalezy uzupetni¢ dotychczasowa wiedz¢ na rzecz badan
przesiewowych dotyczacych czynnikéw zywieniowych i stylu zycia oraz ich wplywu na
nowotwory zlos§liwe. Szczegdlnie wazne jest poznanie tej zaleznosci w przypadku
nowotworow uwazanych za nie-dietozalezne, tj. raka skory czy raka ptuc [8, 15]. W zwiazku
z tym niezwykle potrzebne sg badania majgce na celu poznanie przyczyn raka i zdefiniowanie
skutecznych strategii wdrazania i utrzymywania zdrowego stylu zycia w spoteczenstwie.
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3. Cel badan

W wielu badaniach analizowano zwigzek miedzy zywieniem 1 stylem zycia a
wystgpowaniem raka, jednak Zzadne z nich nie dotyczylo mezczyzn z rakiem phuc
mieszkajacych w Europie Srodkowej i Wschodniej. Przeprowadzenie badan wérdd tej grupy
mezczyzn moze wypetnic¢ luke wiedzy i dostarczy¢ nowych unikatowych informacji. Celem
pracy byta kompleksowa ocena wspotzaleznos$ci migdzy wzorami zywienia, przestrzeganiem
rekomendacji dotyczacych profilaktyki raka ptuc i ryzykiem raka ptuc u me¢zezyzn.

15



4. Metodyka badan

4.1. Pozwolenie Komisji Bioetycznej

Protok6t badania zostat zatwierdzony przez Komisje Bioetyczng Wydziatu Nauk
Medycznych Uniwersytetu Warminsko-Mazurskiego w Olsztynie w dniu 2.10.2013 r.
(Uchwata nr 29/2013). Przed przystgpieniem do badan kazdy me¢zczyzna zostat
poinformowany o celu badania i wyrazil pisemng §wiadoma zgode na udziat w badaniu.

4.2. Organizacja badan i charakterystyka proby

Badanie kliniczno-kontrolne przeprowadzono od pazdziernika 2013 r. do sierpnia
2017 r. Kryteriami wilaczenia do badan byty: (i) pte¢ meska, (ii) wiek >18 lat, zamieszkanie w
péinocno-wschodniej Polsce, (iii) wykonana tomografia ptuc i/lub badanie rentgenowskie
oraz (iv) zgoda na udziat w badaniu. Kompletne dane uzyskano od 439 mezczyzn w wieku od
45 do 80 lat ($rednia 62,6; SD 7,2).

Probe kliniczng stanowito 187 mezczyzn z nowo zdiagnozowanym i potwierdzonym
histologicznie pierwotnym rakiem phuc. Okres rozpoznania wystepowania raka, rekrutacji
przypadkoéw do badan i zbierania danych wynosit od 7 do 14 dni od diagnozy. Osoby chore w
trakcie lub po aktywnym leczeniu raka pluc nie zostaly zakwalifikowane do badania,
poniewaz mogly nastgpi¢ u tych os6b zmiany nawykow zywieniowych lub stylu zycia. Do
badania nie kwalifikowali si¢ mezczyzni, u ktérych rozpoznano inny rodzaj raka, wtornego
raka ptuc lub zmiany fagodne.

Probe kontrolng stanowilo 252 mezczyzn, u ktorych wykonano cyfrowe zdjecie
rentgenowskie (RTG) i/lub tomografi¢ komputerowsg (TK) klatki piersiowej z wynikiem:
braku zmian w plucach. Okres od wykluczenia raka do udzialu w badaniu nie przekraczat 6
miesiecy. Osoby z grupy kontrolnej nie miaty zadnych objawdéw klinicznych ani podejrzen
jakiegokolwiek innego rodzaju raka w swojej historii medycznej. Proba kontrolna sktadata si¢
z mezczyzn rekrutowanych sposrod tych, ktorzy uczestniczyli w krajowych programach
badan przesiewowych w celu wezesnej diagnozy raka ptuc.

4.3. Zbieranie danych

Technika wywiadu zebrano dane socjoekonomiczne oraz dotyczace zywienia,
stosowania suplementow witaminowo-mineralnych i stylu zycia (palenia tytoniu, spozywania
alkoholu, aktywnos$ci fizycznej, narazenia zawodoweg0 na czynniki ryzyka, np. w miejscu
pracy), wystepowania raka ptuc w rodzinie oraz innych czynnikdw majacych znaczenie w
etiologii raka pluc. Wszystkie pytania dotyczace zywienia i stylu zycia dotyczyly okresu 12
miesi¢cy przed rozpoznaniem raka phuc. Pytania dotyczace palenia tytoniu odnosity si¢ do
przesztosci 1 terazniejszosci. Wywiad zostal przeprowadzony osobiscie przez badacza, byl
szczegdtowy 1 standaryzowany (uzyto kwestionariuszy typu zamknigtego), a wszelkie
niejasno$ci byly natychmiast wyjasniane.

4.3.1. Dane socjoekonomiczne
Dane dotyczace miejsca zamieszkania, poziomu edukacji i sytuacji ekonomicznej
mezczyzn zebrano korzystajac z pytan kwestionariusza KomPAN® [28]. Na tej podstawie
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okreslono ich status socjoekonomiczny (SES), ktory wyrazono jako wskaznik SES. Wskaznik
SES obliczono jako sumg¢ wartosci liczbowych przypisanych kategoriom odpowiedzi kazdej
sktadowej SES, nastgpnie zlogarytmowano. Mgzczyzn podzielono na trzy grupy na podstawie
rozktadu tercylowego w celu rozréznienia respondentdw o niskim, $rednim i wysokim SES.

4.3.2. Dane dotyczqce stylu Zycia

Korzystajac z pytan kwestionariusza KoOmPAN® [28], m¢zczyzni zostali poproszeni o
okreslenie swojej aktywnosci fizycznej w pracy i czasie wolnym przez wybranie jednej z
trzech kategorii aktywnosci (niskiej, umiarkowanej, wysokiej). Kazda z kategorii byta
szczegotowo objasniona w kwestionariuszu i dostosowana do kontekstu (praca zawodowa vs
rekreacja). Oba rodzaje aktywnos$ci fizycznej zostaly polgczone zgodnie z procedurg
opracowania danych pochodzacych z kwestionariusza KomPAN® [28] — utworzono trzy
kategorie ogolnej aktywnosci fizycznej (niska, umiarkowana, wysoka).

Aby okresli¢ status palenia tytoniu, zebrano dane dotyczace aktualnego palenia, czasu
trwania i intensywnos$ci palenia oraz czasu, jaki uptyngl od zaprzestania palenia. Status
palenia wyrazono w paczko-latach, ktéry obliczono jako iloczyn liczby paczek papierosow
wypalanych dziennie i liczby lat palenia przez dang osobg [29]. Mezczyzn podzielono na trzy
grupy: osoby nigdy niepalgce (0 paczko-lat), umiarkowanie palace i duzo palace (>11 paczko-
lat). Podziat ten uwzgledniono w ocenie zwigzku miedzy wzorami zywienia a ryzykiem raka
phuc.

4.3.3. Czynniki zaktocajgce, masa i sktad ciata

Czynniki zaklocajagce zostaly wybrane na podstawie literatury, jako czynniki
odgrywajace rolg w etiologii raka pluc [8]. Do tych czynnikéw nalezaty: wiek, wskaznik
masy ciata, status socjoekonomiczny, aktywno$¢ fizyczna, wystepowanie raka pluc w
rodzinie, narazenie w miejscu pracy nha czynniki ryzyka, np. azbest, stosowanie suplementoéw
witaminowo-mineralnych.

Wykonano pomiary masy i wysokosci ciata i obliczono wskaznik masy ciata (BMI,
kg/m?). Pomiaru zawartosci tkanki thuszczowej (%) dokonano z wykorzystaniem interakcji w
bliskiej podczerwieni (Futrex 6100/XL).

4.4, Czestotliwosc spozycia zywnosci

Dane  zywieniowe  zebrano za  pomocg zwalidowanego  kwestionariusza
czestotliwosei spozycia zywnosci o akronimie FFQ-6® [30]. Pytania dotyczyly czgstotliwosci
spozycia 62 grup zywnosci (z Sze$cioma kategoriami do wyboru) w ciggu ostatnich 12
miesigcy przed badaniem. Kategorie czgstotliwosci spozycia zywnosci przeksztalcono na
czestotliwo$¢  dzienng  (krotno$é/dzien) na  podstawie  wartoSci  liczbowych
przyporzadkowanych poszczegdélnym kategoriom: ,nigdy Iub prawie nigdy” = 0
razy/dzief; ,,raz w miesigcu lub rzadziej” = 0,025 razy/dzien; ,kilka razy w miesigcu” = 0,1
razy/dzien; ,kilka razy w tygodniu” = 0,571 razy/dzien; ,,codziennie” = 1 razy/dzien; ,kilka
razy dziennie” = 2 razy/dzien [30]. Po przeksztatceniu danych uzyskanych dla 62 grup
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zywnosci zagregowano je do 23 logicznych grup zywnos$ci (przez sumowanie czgstotliwosci
spozycia).

W odniesieniu do alkoholu stworzono trzy kategorie spozycia etanolu (g) na podstawie
danych o zwyczajowym spozyciu hapojow alkoholowych: 0 etanolu dziennie (0
drinkéw/dzien), >0—<28 g etanolu dziennie (do 2 drinkdéw/dzien) oraz >28 etanolu dziennie
(powyzej 2 drinkoéw/dzien). Punkty odcigcia ustalono na podstawie literatury [9].

4.5. Identyfikacja wzorow zywienia

Do identyfikacji wzorow zywienia (DP) zastosowano dwa podej$cia — oparte na
danych 1 oparte na zalozeniach wstgpnych (predefiniowane).
4.5.1. Oparte na danych wzory Zywienia

Wzory zywienia oparte na danych (PCA-DP) zidentyfikowano za pomoca analizy
gtéwnych sktadowych (PCA). Do PCA wlaczono dane dotyczace czestotliwosci spozycia 23
grup zywnosci. Skladowe tworzace poszczegdlne wzory zywienia wybrano w oparCiu 0
warto$ci tadunkéw czynnikowych >|0,3|. Wzory zywienia nazwano adekwatnie do najczesciej
spozywanych grup zywnosci, tj. tych, ktore wykazywaly najwieksza korelacj¢ ze wzorem
zywienia jako zbiorem cech. Zidentyfikowano trzy PCA-DP: ‘Rozsadny’, ‘Zachodni-
tradycyjny’ 1 ‘Stodki-mleczny’, wyjasniajace tacznie 31% wariancji.

Wzér ‘Rozsadny’ charakteryzowal si¢ wigksza czestotliwoscig spozycia: produktow
petloziarnistych, owocow, orzechow/ziaren, warzyw, ryb, roslin straczkowych i1 sokow
owocowych/warzywnych/warzywno-owocowych oraz mniejsza czestotliwo$cig spozycia:
rafinowanych produktéw zbozowych, cukru/miodu/stodyczy. Wzor ‘Zachodni-tradycyjny’
charakteryzowal si¢ wieksza czestotliwoscig spozycia: czerwonego migsa i jego przetworow,
bialego migsa, ziemniakéw, innych tluszczow (np. margaryny, majonezu), Wwarzyw,
rafinowanych produktow zbozowych, stodzonych napojéw/napojéw energetyzujacych,
cukru/miodu/stodyczy. Wzér ‘Stodki-mleczny’ charakteryzowat sie¢ wickszg czestotliwoscig
spozycia: tlhuszczow zwierzecych, mleka, fermentowanych napojow mlecznych/twarogow,
stodzonych napojow mlecznych/smakowych, serkéw homogenizowanych, jaj, serow,
cukru/miodu/stodyczy, ptatkow $niadaniowych, rafinowanych produktow zbozowych, olejow
roslinnych oraz suszonych owocoéw/przetworow Owocowych, a mniejsza czestotliwoscia
spozycia innych thuszczow.

Dla kazdego PCA-DP oddzielnie okreslono dostosowanie diety mezczyzn do wzoru w
oparciu o podziaty tercylowe. W pierwszym tercylu byly osoby o matym dostosowaniu diety
do wzoru, w drugim tercylu — o $rednim, a w trzecim tercylu — o duzym dostosowaniu diety
do wzoru.

4.5.2. Predefiniowane wzory zZywienia
4.5.2.1. Wskaznik diety srédziemnomorskiej w polskiej adaptacji (‘Wskaznik Polish-aMED®’)
Wskaznik dostosowania diety do diety $rodziemnomorskiej (MED) w polskiej
adaptacji (‘Wskaznik Polish-aMED®") zostatl opracowany przez Krusinska i in. [1]. MED
obejmowat wyr6zniki tradycyjnej diety srodziemnomorskiej — skorelowane z nim dodatnio
(owoce, warzywa, pelnoziarniste produkty zbozowe, ryby, rosliny straczkowe,
orzechy/ziarna, iloraz czestotliwosci spozycia thuszczow roslinnych do tluszczow
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zwierzecych) 1 ujemnie (migso czerwone i jego przetwory, naduzywanie alkoholu). Jego
adaptacja polegata na zastgpieniu oliwy z oliwek olejami ros§linnymi podczas obliczania
ilorazu czestotliwosci spozycia tluszczow roslinnych do tluszczow zwierzecych, aby
odzwierciedli¢ specyfikg polskiej diety oraz przyjecia innego systemu wyznaczania progéow
odcigcia (opartego na medianie), respektujac ide¢ i zasady konstrukcji oryginalnego
wskaznika.

‘Wskaznik Polish-aMED® obliczono jako sume punktow (zakres 0-9), ktore
przyznawano za czgstotliwo$¢ spozycia powyzej mediany (po 1 pkt.) dla wymienionych
powyzej szesciu grup zywnosci i ilorazu czgstotliwosci spozycia thuszczéw roslinnych do
thuszczow zwierzecych. Dodatkowe punkty przyznano za czestotliwos$¢ spozycia czerwonego
migsa 1 jego przetworow ponizej mediany (1 pkt.) oraz za nie naduzywanie alkoholu (1 pkt.).
Po adaptacji nie zmienil si¢ zakres punktéw okreSlajacy stopien dostosowania diety do
‘Wskaznika Polish-aMED®. Wyniki intepretowano w nastepujacy sposob: im wigcej
punktow, tym lepsze dostosowanie diety do diety $rodziemnomorskiej. Wyrdzniono trzy
poziomy dostosowania diety mezczyzn do ‘Wskaznika Polish-aMED®: mate (0-3 pkt.),
$rednie (4-6 pkt.) i duze (7-9 pkt.).

4.5.2.2. Adaptowany wskaznik profilaktyki raka ptuc (‘Wskaznik Ad-LC WCRF/AICR)

Oryginalny ‘Wskaznik WCRF/AICR’ sktadatl si¢ z o$miu wyrdznikdéw stanowigcych
rekomendacje, a jego adaptacja (‘Wskaznik Ad-LC WCRF/AICR’) polegata na usunigciu
rekomendacji dotyczacej kobiet 1 dodaniu rekomendacji dotyczacej palenia tytoniu
(wyrazonego w paczko-latach) oraz zmianie wszystkich kryteriéw i/lub systemu punktowania
osmiu wyroznikow, respektujac idee 1 zasady konstrukcji oryginalnego wskaznika. ‘Wskaznik
Ad-LC WCRF/AICR’ obejmowal nast¢pujace wyrdzniki, stanowigce rekomendacje w
profilaktyce raka ptuc:

(1) prawidlowa ilo$¢ tkanki thuszczowej (ktora zastgpita wyrdznik: prawidlowa masa ciala),
(2) aktywnos¢ fizyczna,

(3) spozywanie produktéw petnoziarnistych/warzyw/owocow/zboz,

(4) ograniczenie spozycia zywnosci typu fast food/innej przetworzonej zywnosci bogatej w
tluszcze/skrobig/cukry,

(5) ograniczenie spozycia czerwonego/przetworzonego miesa,

(6) ograniczenie spozycia napojow stodzonych cukrem,

(7) ograniczenie spozycia alkoholu,

(8) ograniczenie palenia.

‘Wskaznik Ad-LC WCRF/AICR’ obliczono w nastgpujacy sposob: 1 pkt.
przyznawano za spehnienie kazdej rekomendacji, 0,5 pkt. za jej czg¢Sciowe spetienie 1 0 pkt.
za niespelnienie rekomendacji, postgpujac zgodnie z zasadami obliczania ‘WskazZnika
WCRF/AICR’ [9]. Po adaptacji nie zmienit si¢ zakres punktow ‘Wskaznika Ad-LC
WCRF/AICR’ (0-8 pkt) okreslajacy stopien dostosowania diety do tego wskaznika i
przestrzegania rekomendacji odnoszacych si¢ do profilaktyki raka phluc. Wyniki
intepretowano w nastepujacy sposob: im wiecej punktéw, tym lepsze dostosowanie diety do
rekomendacji. Wyrézniono trzy poziomy dostosowania diety mezczyzn do rekomendacji
odnoszacych si¢ do profilaktyki raka ptuc: mate (0-3 pkt.), srednie (45 pkt.), duze (6-8 pkt.).
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4.6. Analiza statystyczna

Dane ilosciowe przedstawiono jako $rednig i odchylenie standardowe (SD), a dane
jakosciowe wyrazono jako liczbe i procent (n, %). Do oceny réznic miedzy grupami
zastosowano test Kruskala-Wallisa dla danych ilosciowych oraz test chi’® dla danych
jakosciowych. Roéznice uznano za statystycznie istotne gdy p<0,05. Do weryfikacji
wspotzaleznosci miedzy wzorami zywienia a ryzykiem raka phluc wykonano regresj¢
logistyczng. Obliczono iloraz szans (OR) wystgpienia raka pluc i 95% przedzial ufnosci
(95%Cl), a poziom istotnosci OR zweryfikowano testem Walda [31]. W analizie regresji
logistycznej zastosowano dwa modele: (i) bez adjustacji, (ii) z adjustacjg na czynniki
zaktocajace. Analize statystyczng przeprowadzono za pomocag pakietu statystycznego
STATISTICA (wersja 13.3 PL; StatSoft Inc., Tulsa, OK, USA; Krakow, StatSoft Polska).
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5. Wyniki

5.1. Czynniki socjoekonomiczne i styl zZycia

Wigkszo$¢ mezczyzn z rakiem pluc byla starsza, miala nizszy poziom wyksztalcenia,
nizszy status socjoekonomiczny, nizszg aktywnos¢ fizyczng ogdlng i podczas pracy oraz
nizszg masg¢ ciata w porownaniu z grupg bez raka ptuc (grupa kontrolna). Wiecej mezczyzn z
rakiem w przesztosci palilo przez dluzszy czas (>10 lat) i zostali sklasyfikowani jako
mezczyzni duzo palacy (>11 paczko-lat).

5.2. Oparte na danych wzory Zywienia a ryzyko raka ptuc

U mezczyzn o srednim dostosowaniu diety do wzoru ‘Rozsadnego’ (w srodkowym
tercylu) ryzyko raka ptuc bylo mniejsze o 37% (nie adjustowany OR=0,63; 95%CI 0,39-
1,00; p=0,0472) w porownaniu z m¢zczyznami o malym dostosowaniu diety do tego wzoru
(w dolnym tercylu). Zalezno$¢ ta byta jednak nieistotna po adjustacji na czynniki
zaktocajace. U mezczyzn o duzym dostosowaniu diety do wzoru ‘Rozsadnego’ (w gbérnym
tercylu) ryzyko raka ptuc bylo mniejsze o 43% w modelu bez adjustacji (nie adjustowany
OR=0,57; 95%CI 0,44-0,72; p<0,0001) oraz mniejsze 0 28% w modelu z adjustacjg na
czynniki zakldcajace (adjustowany OR=0,72; 95%CI 0,53-0,96; p=0,0432) w poréwnaniu z
mezczyznami o matym dostosowaniu diety do tego wzoru.

U mezczyzn umiarkowanie palacych 1 wykazujacych duze dostosowanie diety do wzoru
‘Rozsadnego’ ryzyko raka pluc bylo mniejsze o 49% w modelu bez adjustacji (nie
adjustowany OR=0,51; 95% CI 0,37-0,71; p < 0,0001) oraz mniejsze 0 41% w modelu z
adjustacjg na czynniki zaktocajace (adjustowany OR=0,59; 95%CI 0,39-0,90; p<0,05) w
poréwnaniu z m¢zczyznami niepalgcymi 1 o matym dostosowaniu diety do tego wzoru.

Wzory zywienia ‘Zachodni-tradycyjny’ 1 ‘Stodki-mleczny’ nie byly istotnie zwigzane z
ryzykiem raka ptuc u mezczyzn ogotem (bez uwzglednienia statusu palenia) oraz u mezczyzn
umiarkowanie palacych. U mezczyzn duzo palgcych zaden z trzech PCA-DP nie byl istotnie
zwigzany z ryzykiem raka phuc.

5.3. Predefiniowane wzory Zywienia a ryzyko raka ptuc
5.3.1. ‘Wskaznik Polish-aMED®" a ryzyko raka ptuc

W modelu bez adjustacji mniejsze ryzyko raka ptuc o 59% i 50% mieli m¢zczyZzni o
duzym (7-9 pkt) i érednim (4-6 pkt) dostosowaniu diety do ‘Wskaznika Polish-aMED®’
(odpowiednio nie adjustowany OR=0,41; 95%CIl 0,27-0,64; p<0,0001 i OR=0,50; 95%ClI
0,30-0,74; p<0,001) w poréwnaniu z mezczyznami o matym dostosowaniu diety (0-3 pkt) do
tego wskaznika. W modelu z adjustacja na czynniki zaklocajace mniejsze ryzyko raka phuc o
49% mieli m¢zczyzni zarowno z duzym (7-9 pkt), jak i srednim (4-6 pkt) dostosowaniu diety
do ‘Wskaznika Polish-aMED® (odpowiednio adjustowany OR=0,51; 95%CI 0,31-0,81;
p<0,05 i OR=0,51; 95%CI 0,32-0,81; p<0,05) w poréwnaniu z matym dostosowaniem diety
do tego wskaznika.

Biorac pod uwagg status palenia w modelu bez adjustacji mniejsze ryzyko raka ptuc o
72% (nie adjustowany OR=0,28; 95%CI 0,13-0,61; p<0,01) mieli mgzczyzni umiarkowanie
palacy i wykazujacy duze dostosowanie diety do ‘Wskaznika Polish-aMED®” w poréwnaniu
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z mezczyznami niepalacymi i o matym dostosowaniu diety do tego wskaznika. Mniejsze
ryzyko raka ptuc o 60% (nie adjustowany OR=0,40; 95%CI 0,23-0,68; p<0,001) mieli
mezczyzni umiarkowanie palacy 1 wykazujacy $rednie dostosowanie diety do tego wskaznika
W poroéwnaniu z m¢zczyznami niepalgcymi i o matym dostosowaniu diety do tego wskaznika.
W modelu z adjustacja na czynniki zaktocajace ryzyko raka ptuc bylo mniejsze o 66%
(adjustowany OR=0,34; 95%CI 0,15-0,76; p<0,05) u mg¢zczyzn umiarkowanie palgcych i
wykazujacych duze dostosowanie diety do ‘Wskaznika Polish-aMED® oraz o 65%
(adjustowany OR=0,35; 95%CI 0,18-0,65; p<0,05) u me¢zczyzn umiarkowanie palgcych i
wykazujacych $rednie dostosowanie diety do tego wskaznika w pordwnaniu z me¢zczyznami
niepalagcymi 1 0 matym dostosowaniu diety do tego wskaznika.

Zaden poziom dostosowania diety mezczyzn do ‘Wskaznika Polish-aMED®’ nie byt
istotnie zwigzany z ryzykiem raka ptuc u mezczyzn duzo palacych.

5.3.2. ‘Wskaznik Ad-LC WCRF/AICR’ a ryzyko raka ptuc

Biorgc pod uwage pojedyncze rekomendacje ‘Wskaznika Ad-LC WCRF/AICR’ tylko
jedna rekomendacja byta niezaleznie zwigzana z mniejszym ryzykiem raka ptuc u me¢zczyzn,
niezaleznie od zestawu zastosowanych czynnikéw zaktdcajacych. W modelu 2 (z adjustacja)
stosowanie si¢ do rekomendacji ,,Ogranicz palenie” wigzato si¢ z mniejszym ryzykiem raka
ptuc o 87% (OR=0,13; 95%CI 0,04-0,37; p=0,0002) u mezczyzn nigdy nie palgcych (ktorym
przypisano 1 pkt. za spenienie rekomendacji) oraz o 45% (OR=0,55; 95%CI 0,33-
0,91; p=0,0189) u m¢zczyzn umiarkowanie palagcych (0,5 pkt.) w porownaniu z m¢zczyznami
duzo palagcymi (0 pkt.).

W modelu czgsciowo skorygowanym (model 1) dwie pojedyncze rekomendacje
osiggnely istotno$¢ statystyczng (dodatnig lub ujemng). Przestrzeganie rekomendacji ,,Jedz
produkty petnoziarniste/warzywa/owoce/fasolg” wigzato si¢ z mniejszym ryzykiem raka ptuc
0 31% (czegsciowo adjustowany OR=0,69; 95%CI 0,53-0,90; p=0,0057) u m¢zczyzn czesto
spozywajagcych ta grupe zywnosci (1 pkt. za spehlienie rekomendacji) w poréwnaniu z
mezczyznami Spozywajacymi tg grupe zywnosci okazjonalnie (0 pkt.). Przestrzeganie
rekomendacji ,,Ogranicz spozycie czerwonego/przetworzonego mi¢sa” wigzato si¢ z ponad
dwukrotnie wickszym ryzykiem raka ptuc (czeSciowo adjustowany OR=2,04; 95%CI 1,16—
3,58; p=0,0129) u mezczyzn umiarkowanie czgsto spozywajacych ta grupe zywnosci (0,5
pkt.) i 1,4 razy wigckszym (OR=1,40; 95%CI 1,07-1,97; p=0,0152) u mezczyzn rzadko
spozywajacych ta grupe zywnosci (1 pkt.) w porownaniu do mezczyzn czgsto spozywajacych
te grupe zywnosci (0 pkt.). W modelu z pelng adjustacja (model 2) dla obu rekomendaciji, tj.
,Jedz  produkty  pelnoziarniste/warzywa/owoce/fasola” 1 ,,Ogranicz  spozycie
czerwonego/przetworzonego migsa”, wspotzalezno$é¢ z ryzykiem raka ptuc byta nieistotna.

W pelnym modelu uwzgledniajacym wszystkie rekomendacje ujete we ‘Wskazniku Ad-
LC WCRF/AICR’ ryzyko raka ptuc dla byto mniejsze o 47% (adjustowany OR= 0,53; 95%ClI
0,32-0,88; p=0,0129) u mezczyzn o wigkszej (6-8 pkt) zgodnosci diety z rekomendacjami w
porownaniu do mezczyzn 0 mniejszej (0-2 pkt) zgodnosci diety z rekomendacjami. Kazdy 1-
punktowy wzrost ‘Wskaznika Ad-LC WCRF/AICR’ zmniejszat ryzyko raka ptuc u m¢zczyzn
0 34% (adjustowany OR=0,66; 95%CI 0,45-0,95; p=0,0267).
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Analiza zwigzku migdzy ryzykiem raka pluc i1 réznymi kombinacjami kilku
pojedynczych rekomendacji ‘Wskaznika Ad-LC WCRF/AICR’ wykazata korzysSci
wynikajace z przestrzegania trzech lub wiecej rekomendacji. Ryzyko raka ptuc byto mniejsze
0 45% do 78% u mgzczyzn o $rednim przestrzeganiu trzech lub wigcej rekomendacji (z
wyjatkiem jednego modelu z siedmiu) i mniejsze 0 39% do 66% u me¢zczyzn o duzym
przestrzeganiu trzech lub wigcej rekomendacji w poréwnaniu do me¢zczyzn w matym stopniu
przestrzegajacych tych rekomendacji.
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6. Dyskusja

W prezentowanym badaniu dokonano po raz pierwszy kompleksowej oceny
wspotzaleznosci miedzy dwoma rodzajami wzoréow zywienia (opartych na danych i
predefiniowanych) i ryzykiem raka ptuc. Ogdlnie rzecz biorac, wykazano korzystny wpltyw
prozdrowotnych wzoré6w zywienia na ryzyko raka ptuc u m¢zczyzn z podtnocno-wschodniej
Polski, ktory byt widoczny réwniez u mezczyzn umiarkowanie palacych tyton.

W badaniu duze dostosowanie diety me¢zczyzn do wzoru ,,Rozsadnego’” wigzato si¢ z
mniejszym ryzykiem raka ptuc. W pracach innych autoré6w opisywano prozdrowotne wzory
zywienia, ale zawierajace mniejsza liczbe komponentéw zywieniowych niz w badaniach
wlasnych. Byly to na przyktad wzory ztozone wylacznie z owocow i warzyw [32, 33] lub
bialego migsa i serow [34], dla ktorych wykazano wspotzaleznos¢ z mniejszym ryzykiem raka
ptuc. Sktadowymi tych wzoréw zywienia byly w wigkszosci produkty o potwierdzonym
dziataniu przeciwnowotworowym, Nnp. warzywa i owoce, ktore dzigki wysokiej zawartoSci
sktadnikéw bioaktywnych mogly neutralizowa¢ reaktywne formy tlenu i w efekcie
zmniejsza¢ stan zapalny w organizmie [12, 14].

Zaktualizowany przeglad systematyczny 1 metaanaliza dowodza, ze Scisle
przestrzeganie diety $rodziemnomorskiej zmniejsza ryzyko nowotworow uktadu
oddechowego 0 16% [35]. Podobny, silny zwigzek stwierdzono w niniejszym badaniu po
adaptacji diety $rodziemnomorskiej do warunkow diety polskiej, mimo ze Polska nie jest
krajem $rodziemnomorskim. We wczesniejszych doniesieniach z innych krajow, raportowano
korzystny wplyw diety $rodziemnomorskiej na ryzyko raka pluc [36, 37]. W badaniu
holenderskim  (NLCS)  wysokie dopasowanie diety do alternatywnej  diety
srodziemnomorskiej (z wylaczeniem alkoholu) wigzato si¢ ze zmniejszonym ryzykiem raka
ptuc u mezczyzn o 9% [36]. W szwedzkim badaniu stwierdzono, ze przestrzeganie diety
srodziemnomorskiej zmniejszato ryzyko raka pluc o 14%, podczas gdy we Wloszech
przestrzeganie zalecen tej diety zmniejszato ryzyko raka ptuc 0 80% [38, 39]. Ze wzgledu na
rdéznice miedzy krajami W zwyczajach zywieniowych i spozyciu zywnosci, nie istnieje jeden
uniwersalny wzorzec diety $rodziemnomorskiej — w réznych krajach ma ona lokalny profil,
ktory moze w innym stopniu wptywac¢ na zmniejszenie ryzyka raka ptuc [40].

Dwa prozdrowotne wzory zywienia zidentyfikowane w niniejszym badaniu —
‘Rozsadny’ i ‘Wskaznik Polish-aMED®’ — byty skorelowane z ryzykiem raka ptuc u
umiarkowanych palaczy. Mezczyzni umiarkowanie palacy, ktorych dieta byla lepiegj
dopasowana do tych wzoréw zywienia, mieli mniejsze ryzyko zachorowania na raka phuc,
podczas gdy u m¢zezyzn duzo palacych nie odnotowano tej zaleznosci. W przeciwienstwie do
uzyskanych wynikow, we wtoskim badaniu z udziatlem oso6b duzo palacych (>20 paczko-lat),
w ktorym uwzgledniono stosowanie suplementéw zawierajacych witaminy, wigksze
dopasowanie diety do wzoru ‘Witaminy i blonnik’ byto zwigzane z mniejszym o 43%
ryzykiem raka ptuc [41]. Chociaz wloski wzoér zywienia mozna zakwalifikowaé jako
prozdrowotny, to nie byt on jednak podobny do wzoru ‘Rozsadnego’ zidentyfikowanego w
obecnym badaniu.

W prezentowanym badaniu oceniono zalezno$¢ migdzy przestrzeganiem rekomendacji
dotyczacych profilaktyki raka pluc a ryzykiem raka ptuc u me¢zczyzn. Wykazano, ze
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mezczyzni przestrzegajacy wszystkich lub co najmniej 3 rekomendacji stanowiacych
komponenty ‘Wskaznika Ad-LC WCRF/AICR’, mieli mniejsze ryzyko raka ptuc 0 47%, przy
czym nie musialy by¢ przestrzegane wszystkie rekomendacje. Wsrod pojedynczych
sktadowych tego wskaznika dwie rekomendacje wyr6znily si¢ istotnym wplywem na ryzyko
raka pluc u me¢zczyzn. Jedna z nich ,,Ogranicz palenie’ jest najsilniejszym i najdluzej znanym
modyfikowalnym czynnikiem ryzyka raka ptuc zwigzanym ze stylem zycia [4, 9, 10, 42], co
roOwniez zaobserwowano w obecnym badaniu. Wpltyw drugiej rekomendacji ,,Ogranicz
spozycie czerwonego/przetworzonego migsa” na ryzyko raka ptuc jest mniej poznany. W
niniejszy badaniu w czgsciowo skorygowanym modelu zaobserwowano zwigkszone ryzyko
zachorowania na raka phluc u osob, ktore przestrzegaty tej rekomendacji. Wynik ten rozni si¢
od weczesniejszych doniesien wigzacych spozycie czerwonego migsa ze zwigkszonym
ryzykiem raka ptuc [5, 8, 11, 41, 43-45]. Analiza pozostatych komponentow diety mgzczyzn
pozwala stwierdzi¢, ze mniejszej czestotliwosCi spozycia migsa czerwonego/przetworzonego
(tj. lepszemu przestrzeganiu rekomendacji) towarzyszyta bardzo mata czestotliwo$¢ spozycia
warzyw 1 owocow. Mezczyzni o wiekszym dostosowaniu do rekomendacji ograniczajace]
spozycie migsa czerwonego/przetworzonego (spozywali je $rednio 0,9 razy/dzien), rzadko
spozywali warzywa i owoce (Srednio 1,1 razy/dzien), zatem te dwie cechy odzywiania mogty
by¢ wspolnie przyczyna braku ochronnego dzialania warzyw i owocéw, o ktorym donosity
inne badania [13, 14]. Badanie European Prospective Investigation into Cancer and Nutrition
(EPIC) [23] nie wykazato zwigzku miedzy spozyciem migsa/przetworzonego migsa a
ryzykiem raka pluc. Natomiast wykazano, ze potaczenie kilku pojedynczych czynnikow
zywieniowych 1 stylu zycia wigzato si¢ ze zmniejszonym o okoto polowe ryzykiem raka ptuc,
pomimo wigkszej czestotliwosci spozycia migsa czerwonego i jego przetworow.

Kobiety z reguly czeSciej niz mezczyzni prowadza zdrowy styl zycia i dokonujg
lepszych wyborow zywieniowych [46]. Uwaza si¢, ze mezczyzni rzadziej przestrzegaja zasad
zdrowej diety [47]. To spostrzezenie mozna poprze¢ Wynikami badan witasnych, w ktorych
wykazano, ze tylko 9% mezczyzn (39 z 439) przestrzegato wszystkich rekomendacji
uzyskujagc maksymalng liczb¢ punktow ‘Wskaznika Ad-LC WCRF/AICR’, z pelng
swiadomoscig faktu, ze w badaniach wiasnych nie istnieje mozliwo$¢ pordwnania z
kobietami.

Obecne badanie wykazato, ze ryzyko raka ptuc byto mniejsze dla pelnego modelu
uwzgledniajacego wszystkie komponenty ‘Wskaznika Ad-LC WCRF/AICR’ i wykazato
ochronny zwigzek wobec raka ptuc z kazdym jednopunktowym wzrostem tego wskaznika. Do
chwili obecnej w literaturze przedmiotu nie opisano korzysci dla ryzyka raka ptuc
wynikajacych z przestrzegania rekomendacji WCRF/AICR opracowanych w 2018 r.
Dostepne analizy odnoszg si¢ wytacznie do rekomendacji opracowanych przez WCRF/AICR
w 2007 r. — wykazano w nich, ze przestrzeganie rekomendacji wigzalo si¢ ze zmniejszonym
ryzykiem raka ptuc [48-50]. Wada tych prac, utrudniajaca interpretacje i przeprowadzenie
analizy porownawczej, jest brak znormalizowanej metody punktacji dla rekomendacji
opracowanych przez WCRF/AICR w 2007 r., dlatego w kazdym z badan opracowano wlasny
system punktowania. Obecne badanie jest pierwszym (i jak dotad jedynym) oceniajacym
zwigzek miedzy przestrzeganiem rekomendacji odnoszacych si¢ do zalecen WCRF/AICR z
2018 r. (po adaptacji wskaznika do ryzyka raka ptuc) a ryzykiem raka ptuc u mezczyzn. Do
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tej pory przeprowadzono niewiele badan oceniajagcych zwiazek miedzy rekomendacjami z
roku 2018 a ryzykiem innych nowotworow. W badaniach dotyczacych ryzyka calkowitej
zachorowalno$ci na nowotwory ztosliwe [51], raka jelita grubego, raka piersi [52-55] oraz
raka prostaty [56], podobnie jak w obecnym badaniu, stwierdzono pozytywny zwigzek z
przestrzeganiem rekomendacji WCRF/AICR z 2018 r. Z kolei inne badanie dotyczace raka
piersi [57] oraz badanie kliniczno-kontrolne dotyczace przewleklej biataczki limfatycznej [58]
nie wykazalo istotnego zwigzku migdzy tymi nowotworami a przestrzeganiem rekomendacji
WCRF/AICR z 2018 r.

6.1. Mocne i stabe strony badania

Obecne badanie ma kilka ograniczen. Ze wzgledu na wieloczynnikowg etiologie raka, w
analizie zwigzku miedzy dieta 1 ryzykiem raka pluc uwzgledniono wiele potencjalnych
czynnikow zaklocajacych [1, 8, 59] nie bylo mozliwe uwzglednienie ich wszystkich.
Kolejnym ograniczeniem jest brak danych dotyczacych ilosci spozywanej zywnosci,
poniewaz wzory zywienia tworzono na podstawie danych dotyczacych czgstotliwosci
spozycia zywnos$ci. Takie podejscie jest wprawdzie uprawnione i1 bylo stosowane przez
innych badaczy, jako ze istnieje korelacja miedzy iloscig i czestotliwos$cig spozycia zywnosci,
co jednak nie wyklucza zwigzanego z tym btedu [60, 61]. Wiele danych, w tym zwigzanych z
dieta 1 stylem zycia, pochodzito z deklaracji uzyskanej od uczestnikow, co moze odpowiadac
za stronniczo$¢ danych. Z drugiej strony nie istnieje ztoty standard w ocenie zywienia, a
metoda czestotliwosci spozycia zywnos$ci obejmujaca jeden rok jest rozsagdnym wyborem w
ocenie jakosci diety [62]. Ponadto, diugoterminowy pomiar zwyczajowej codziennej
aktywnosci fizycznej lub palenia tytoniu jest trudny. Nie mozna takze wykluczy¢, ze niektére
elementy stylu zycia mogly ulec zmianie przed rozpoznaniem raka, z powodu wczesnych
objawoéw. W tym badaniu wielowymiarowa analiza statystyczna (PCA) ma zaréwno
ograniczenia, jak i mocne strony. W przypadku trzech zidentyfikowanych wzoréw zywienia
opartych na PCA skumulowany odsetek wyjasnionej wariancji nie byl wysoki
(31%). Jednakze, podczas identyfikacji wzoréw zywienia opartych na danych nie jest
mozliwe osiggnigcie wysokiego poziomu catkowitej wyjasnionej wariancji, poniewaz
zmienne zywieniowe ‘z natury’ cechuje duza zmienno$¢ [63]. Zgodnie z literaturg
przedmiotu, typowy zakres catkowite] wyjasnionej wariancji dla 2-3 wzorow zywienia
wynosi od 20% do 30%. W tym $wietle, obecny wynik (31% dla trzech wzoréw zywienia)
jest lepszy niz w innych badaniach [64-67].

Badanie ma kilka mocnych stron. Osoby z rakiem phuc i bez raka ptuc zostaly wybrane
zgodnie z kryteriami wlaczenia obejmujacymi  wyniki tomografii i/lub badania
rentgenowskiego pluc [68]. Osoby z rakiem ptuc rekrutowano w momencie diagnozy i przed
leczeniem, dzigki czemu dane zywieniowe nie zostaly zaklocone przez ewentualng zmiang
diety po rozpoznaniu raka. Gtowng zaleta badania jest identyfikacja wzorow zywienia z
zastosowaniem dwoch podej$¢ (opartego na danych i predefiniowanego) [69]. To pozwolito
na identyfikacj¢ kilku réznych wzordéw zywienia, a odrgbna analiza zalezno$ci migdzy
ryzykiem raka i kazdym ze wzordw zywienia pozwolita na wszechstronng oceng
wspotzaleznosdci dieta—rak phluc. Po drugie, przeprowadzono dodatkowa analize regresji
logistycznej na danych, w ktérych podgrupg kontrolng (n=238) dopasowano pod wzgledem
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wieku do grupy mezczyzn chorych na raka pluc, aby upewnié si¢, ze wnioski z badania nie
roznig si¢, gdy dwie grupy sa dopasowane wiekowo. Po trzecie, do kolekcji danych
zywieniowych uzyto kwestionariusza FFQ-6®, ktory cechuje odpowiednia do wysokiej
zgodno$¢ wewnetrzna [30, 70], a jego zastosowanie w wersji administrowanej przez badacza
zmniejsza stronniczo$§¢ danych. Wreszcie, chociaz w kilku poprzednich badaniach
analizowano zwigzek miedzy wzorami zywienia a rakiem pluc, to w zadnym z nich nie
przedstawiono wynikéw dotyczacych osob dorostych mieszkajacych w Europie Srodkowej
lub Wschodniej, biorgc pod uwage histori¢ palenia tytoniu. Niniejsze badania wypelniajg
wazng luke, badajac wspotzalezno§¢ migdzy roznymi wzorami zywienia, w tym wskaznikami
‘Polish-aMED® i ‘Ad-LC WCRF/AICR’ a ryzykiem raka u mezczyzn z poinocno-
wschodniej Polski.
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7. Podsumowanie i wnioski

Badania wykazaty, ze prozdrowotne wzory zywienia, w tym dieta $roédziemnomorska
0 polskim profilu, moga sprzyja¢ zmniejszeniu ryzyka raka ptuc u mezczyzn, w tym u
mezczyzn umiarkowanie palacych, chociaz nie zostato to potwierdzone u mezczyzn duzo
palacych. Potwierdzono wczesniejsze dowody, ze ograniczenie palenia zmniejsza ryzyko raka
pluc u mezczyzn i dostarczono nowych danych, ze palenie tytoniu jest niezaleznym
czynnikiem ryzyka raka pluc, a takze wspotdziatajacym z dieta, przy czym w przypadku
umiarkowanego poziomu palenia tytoniu prozdrowotna dieta dziata protekcyjnie.

Po raz pierwszy wykazano znaczenie przestrzegania wielu rekomendacji jednoczes$nie
w zmniejszaniu ryzyka raka pluc u mezczyzn. Dostarczono mocnych przestanek
wskazujacych, ze przestrzeganie jednoczesnie CO najmniej trzech rekomendacji dotyczacych
profilaktyki raka ptuc, odnoszacych si¢ do diety, stylu zycia lub zawartosci thuszczu w ciele,
moze zapobiega¢ rakowi pluc u mezczyzn, pomimo obecno$ci innych niezdrowych
zachowan.
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Abstract: Lung cancer is the most commonly diagnosed cancer in men worldwide. Studies regarding
dietary patterns (DPs) and lung cancer are limited, with results remaining inconclusive, and the
association of DPs with lung cancer in smokers is unclear. This study analyzed the associations
between DPs, including the Polish-adapted Mediterranean diet (Polish-aMED) score, and lung cancer
risk in Polish adult male smokers. This case-control study involved 439 men aged 45-80 years from
northeastern Poland, including 187 newly diagnosed lung cancer cases. Dietary data was collected
with a 62-item food frequency questionnaire (FFQ-6). Two approaches were applied to identify
dietary patterns. The Polish-aMED score was calculated (hypothesis-driven approach) and a principal
component analysis (PCA) was used to identify PCA-driven DPs (data-driven approach). A logistic
regression analysis was performed to estimate the odds ratio (OR) and 95% confidence interval
(95% CI) of the lung cancer risk associated with the adherence to DPs overall as well as for moderate
(2.5-11 pack-years) and heavy (>11 pack-years) smokers. Among moderate smokers, the risk of
lung cancer was lower by 41% (OR: 0.59; 95% CI: 0.39-0.90; p < 0.05; adjusted model) in the higher
adherence to the prudent DP when compared to the lower adherence, and by 66% (OR: 0.34; 95% CI:
0.15-0.76; p < 0.05; adjusted model) in the high adherence (7-9 points) to the Polish-aMED score when
compared to the low adherence (0-3 points). No significant association between the westernized
traditional DP or the sweet dairy DP and lung cancer was revealed. In conclusion, the current study
suggests that pro-healthy dietary patterns, including the Mediterranean pattern, may favour lower
risk of lung cancer in moderate smokers, although it was not confirmed in heavy smokers.

Keywords: lung cancer; men; smoking; smokers; dietary patterns; prudent diet; Mediterranean diet;
diet quality score

1. Introduction

There were an estimated 18 million cancer cases around the world in 2018; of these, 9.5 million
cases were in men and 8.5 million in women [1]. Cancer is the second most common cause of death
globally (cardiovascular diseases were the most common) [2]. In 2018, GLOBOCAN [1] estimated
that the most common cancers in the world were lung cancer in men and breast cancer in women,
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each representing 12.3% of the total number of new cases diagnosed. Lung cancer has become the
most common cause of cancer death in men aged 40 and older and women aged 60 and older [3].

In Poland, the number of cases of malignant cancer in the last three decades has grown more than
twice, in 2013 reaching over 156 thousand cases (equally 78 thousand in men and women). Lung cancer
is the most commonly diagnosed cancer and the most common cancer cause of death in men in Poland
and across the world. Lung cancer accounts for approximately 18.7% and 30.7% of the total number
of cancer cases and deaths in men in Poland, respectively [4]. In Poland, longevity for men over the
past few decades has been lower than in more developed European countries. This is partly due to
the higher likelihood of unhealthy lifestyle behaviours of Polish men, e.g., tobacco use, alcohol abuse,
and an unhealthy diet, resulting in more deaths from heart disease, cancer, and other diseases [5].
Cancer aetiology is multi-factorial, and includes some predictors that cannot be modified, such as age,
genetic predisposition, and some environmental factors (including air pollution), whereas lifestyle
factors, such as smoking, physical activity, and diet are modifiable and can be changed [2,3,6-8].

Tobacco smoking remains the predominant risk factor for lung cancer development [3]. It is
estimated that about 90% of lung cancer cases worldwide are attributable to tobacco use (including
passive smoking) [3,7]. Smoking generates thousands of free radical particles, and is one of the
key sources of inflammation and oxidative stress, which can be neutralized by a dietary intake
of antioxidants and/or anti-inflammatory foods, leading to a protective effect on lung function [9].
The consumption of fruits and vegetables with a high content of antioxidant vitamins, phenolic
compounds, minerals, and dietary fiber has a beneficial effect on respiratory health [10,11]. Incidence
rates of lung cancer vary among world regions as a reflection of different historic patterns of tobacco
exposure, which includes exposure intensity and duration, cigarette type and degree of inhalation,
and the evolution of these patterns over time, commonly called the tobacco epidemic [12]. It should be
noted that lung cancer in inactive smokers, i.e., passive smokers (25% of lung cancer cases worldwide),
is a disease different from the more common forms of lung cancer associated with active smoking [12-14].
Because tobacco remains the leading risk factor for lung cancer, prevention of this disease is focused
on smoking avoidance and cessation. Other prevention measures include healthy diet choices and
maintaining a physically active lifestyle [3]. However, research on the association of dietary patterns
and lung cancer risk that takes into consideration smoking is still limited. There are suggestions that
diet may act independently or in concert with tobacco smoking in shaping the descriptive epidemiology
of lung cancer [8,15].

According to the World Cancer Research Fund [7,16], there is strong evidence that taking high
doses of beta-carotene supplements (in current and former smokers) increases the risk of lung cancer.
Contrarily, there is some evidence that consuming vegetables and fruit (in current smokers and
former smokers), foods containing retinol, beta-carotene or carotenoids, foods containing vitamin
C (in current smokers), and foods rich in isoflavones (in never smokers) might decrease the risk of
lung cancer [7,17,18]. Further evidence suggests that the consumption of red meat, processed meat,
and alcoholic drinks might also increase the risk of lung cancer [7,19]. Evidence for the impact of other
food groups or nutrients of the risk of lung cancer is limited, and to date, no explicit conclusions have
yet been drawn [7].

It is important to identify dietary factors that might be useful in lung cancer prevention [7].
Many previous studies have investigated single foods or nutrients to assess the association with lung
cancer [19-26]. Since different foods are consumed in combinations, and they interact with each other
in a complex way, a comprehensive dietary pattern analysis can better reflect dietary habits and provide
an evaluation of the overall effects of diet on human health [27,28].

The research in the world on the relationship between dietary patterns (DPs) and lung cancer,
particularly the effects of the Mediterranean diet, is ambiguous and limited. Many studies have
investigated the associations between dietary patterns and lung cancer risk [29-37]. Though the
findings are not definitive, the majority of these studies suggest that a healthy diet is associated with a
decreased risk of lung cancer. A healthy diet (also known as a prudent diet) is usually characterized by
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high consumption of vegetables, fruit, white meat, fish, and whole grains, and low consumption of red
meat, high-fat foods, and refined grains [30,38].

The Mediterranean diet (MD) has long been recognized as the optimal diet responsible for
longer life and reduced cancer risk [39-43], and a few studies have demonstrated a strong and
inverse relationship between high adherence to the Mediterranean diet and lung cancer [35,44—47].
There are many variants of the MD; each Mediterranean country has its own gastronomy habits [48,49].
However, this dietary pattern in different countries is characterized by some common features,
i.e., high consumption of whole grains, fruit, and vegetables, moderate consumption of dairy products,
olive oil, poultry, and fish, and low consumption of red meat and sweets. A final characteristic of this
diet is the moderate consumption of alcohol (mainly red wine during meals) [50-52]. The MD is rich
among others in fiber, vitamins, phenolic compound (polyphenol), and PUFA n-3 [53-55].

The results of the meta-analysis and reviews confirm that high adherence to the prudent pattern
and the Mediterranean diet reduces the risk of many cancers [39,55], including lung cancer [30,47].
Certainly, the effect is not due to single nutrients, but to a complex of components with synergistic and
antagonistic interactions [47]. However, the evidence is still limited, because there are still only a few
studies (including one study of Polish men) focusing on dietary patterns [29-37] and the Mediterranean
diet [34,44-47] and the risk of lung cancer. To the authors” knowledge, no studies have so far been
published assessing the relationship between dietary patterns and the risk of lung cancer in Polish
men who smoked moderately or heavily.

The current study analyzed the associations between dietary patterns, including Polish-adapted
Mediterranean diet (Polish-aMED) score and lung cancer risk in Polish adult male smokers.

2. Materials and Methods

2.1. Ethical Considerations

The study protocol was approved by the Bioethics Committee of the Faculty of Medical Sciences,
University of Warmia and Mazury in Olsztyn on 2 October 2013 (resolution no. 29/2013). All of the
subjects gave their written informed consent to participate in the study.

2.2. Study Design and Sample Characteristics

A case-control study was carried out from October 2013 to August 2017. The total sample screened
consisted of 439 adult men aged 45 to 80 (mean = 62.6, SD = 7.2) years. The subjects were residents of
northeastern Poland.

The cancer sample consisted of 187 men with a newly primarily diagnosed (with digital X-ray
examination (RTG) and computed tomography (CT) of the chest) and histologically confirmed lung
cancer. The period from cancer diagnosis to case recruitment for study and data collection ranged from
seven days to 14 days (Figure 1a). Cases during or after active treatment were not qualified for the study,
since they may have involved changes in dietary habits or other behaviors. Therefore, the dietary data
have not been disturbed by a possible change of diet after the diagnosis of cancer. The exclusion criteria
of the cancer sample collection were described previously [34]. In brief, cases diagnosed with other
cancer or secondary lung cancer, or with benign changes, after active treatment (e.g., chemotherapy,
radiotherapy) or surgical intervention were not eligible for participation in the study.

The control sample consisted of 252 men who received a negative result from a digital X-ray
examination (RTG) and/or computed tomography (CT) of the chest. The period since the cancer
exclusion until participation in the study did not exceed six months (Figure 1b). Control subjects did
not have any clinical symptoms or suspicion of any type of cancer in their medical history. The control
sample was comprised of men recruited from those who attended national screening programs for the
early diagnosis of lung cancer. Details regarding the enrollment are presented in Figure 2.
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Figure 1. Time schemes of the study design for (a) the cancer sample and (b) the control sample. RTG
digital X-ray examination.
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hypothesis-driven approach data-driven approach

Figure 2. Flow chart of the sample collection and study design. Notes: RTG: digital X-ray examination;
BMLI: body mass index; Polish-aMED: Polish-adapted Mediterranean diet score.

2.3. Dietary Data Collection and Dietary Pattern Identification

The dietary data collection methods have been previously described in detail [34]. Briefly,
the subjects” diets were studied using data from a validated food frequency questionnaire (FFQ-6) [56].
The FFQ-6 provided data regarding the consumption frequency of 62 food items. A qualified dietitian
asked the participants during face-to-face interviews how frequently, on average, during the past
year they had consumed the specific food items. The subjects could choose one of six categories
(next converted into daily frequency): never or almost never (0 times/day), once a month or less
(0.25 times/day), several times a month (0.1 times/day), several times a week (0.571 times/day),
daily (1.0 time/day), or several times a day (2.0 times/day) [57].

Two approaches were applied to identify DPs. The Polish-adapted Mediterranean diet
(Polish-aMED) score was calculated (hypothesis-driven approach), while the principal component
analysis (PCA) was used to identify PCA-driven DPs (data-driven approach) [58].
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The methods of deriving PCA-driven DPs have been previously described in detail [28,29].
After aggregating some food items collected with the FFQ-6, a total of 23 food groups were included in
the PCA (Table S1). The data were checked using the Kaiser-Meyer-Olkin (KMO) index to measure
the sampling adequacy [59], and Bartlett’s test of sphericity was used [60]. The PCA performance
is justified when the KMO is greater than 0.5 and Bartlett’s test is statistically significant (p < 0.05).
In this dataset, the Kaiser-Meyer-Olkin (KMO) value was 0.716 and Bartlett’s test had a significance of
p <0.001. For the statistical analysis, the sample size was sufficient for the PCA performance because the
subject-to-item ratio was 19:1 (439 subjects and 23 items) [61]. Before the analysis, input variables were
standardized. During the identification of the number of DPs, the following criteria were considered:
(i) the eigenvalues of the variable correlations > 1.0, (ii) the plot of eigenvalues, and (iii) the total
variance explained [58]. Rotated factor loadings with an absolute value > |0.30| were considered
to be specific to the given pattern and used to label the patterns accordingly [62]. For each subject
and each pattern, DP scores were calculated as a product of factor loading and food consumption
frequency (for dietary variables). Next, for each DD, tertile intervals were calculated, which aimed
to categorize subjects” adherence to the patterns; subjects that were located in the upper tertile were
characterized as those with higher adherence to the pattern, while subjects located in the bottom tertile
were characterized as those with lower adherence.

The Polish-aMED score is a Polish version of the Mediterranean diet (MED) score, modified
and described earlier by Fung et al. [63]. Briefly, the Polish-aMED score was calculated based on the
qualitative data of the frequency of consumption (times/day) of nine selected dietary items. The methods
of calculation of the Polish-aMED score have been previously described in detail [34]. In this study,
alcohol was included as a component of the Polish-aMED score because there is no definitive evidence
that it is a risk factor for lung cancer [7,64,65]. Detailed calculation of the Polish-aMED is shown in
Supplementary Table S2. Possible scores for the Polish-aMED ranged from 0 (minimal adherence) to
9 (maximal adherence). Next, the adherence to the Polish-aMED was categorized as low (0-3 points),
moderate (4—6 points), and high (7-9 points).

2.4. Smoking

Data regarding smoking status was collected for all subjects, including current smoking status,
duration, the intensity of smoking, and time since cessation. The pack-years of smoking were calculated
by multiplying the average number of packs of cigarettes smoked per day (intensity) by the number
of years the person had smoked [66]. Smoking status pack-years were classified into two groups:
moderate (2.5-11 pack-years) or heavy (>11 pack-years) smokers. These categories were based on the
median value, which in this sample was equal to 11 pack-years (at enrollment).

Example of calculation:

A man reported smoking 30 cigarettes a day for 10 years.

The calculated number of pack-years is: 10 x 30/20 = 15 pack-years
10—years of smoking

30—number of cigarettes per day

20—number of cigarettes in one pack

2.5. Confounders

Data regarding socioeconomic, lifestyle, and medical factors were collected during an individual
interview with each subject. The confounding factors were selected based on data analysis and a
literature search. These factors included variables with a significantly differing distribution between
the cancer and control samples, and the factors that were previously indicated as playing a role in lung
cancer aetiology [7]: age, weight (body mass index), smoking, socioeconomic status, physical activity,
the occurrence of lung cancer in a relative, workplace exposure to asbestos, chemical compounds (radon,
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uranium, chromium, arsenic, nickel, zinc, and polycyclic aromatic hydrocarbons), and hardwood dust.
The potential confounders considered in this study have been described previously [33,34].

To describe socioeconomic status, the SES index was calculated using three variables: place of
residence (three categories), education level (three categories), and economic status (three categories).
The SES index was calculated as the sum of the values assigned to the individual response categories
to each SES factor. All variables that were components of the SES index were standardized, and the
tertiles of the SES index were then created to identify subjects with low, average, and high SES.

Subjects were asked about their physical activity at work and in leisure time. These data were
combined, and three categories of overall physical activity were established (Table S3). Measurements
of weight and height were taken, and body mass index (BMI, kg/mz) was calculated and used as an
indirect measure of energy balance.

2.6. Statistical Analysis

The data are presented as percentages of the sample for categorical variables, or means and
standard deviations (SDs) for continuous variables with normal distribution. Differences between
groups were verified with Pearson’s chi-squared test for categorical variables or the Kruskal-Wallis test
for continuous variables, and were considered statistically significant when p < 0.05. Logistic regression
was used to verify the associations between DPs or Polish-aMED, lung cancer, and smoking. The odds
ratios (ORs) and 95% confidence intervals (95% Cls) were calculated [67]. Two models were created
and adjusted for potential confounders: age (categories), sex, BMI (categories), current smoking
status (never smokers, current smokers, former smokers), socioeconomic status (low, average, high),
overall physical activity (low, moderate, high), the occurrence of lung cancer in relatives (yes, no,
I do not know), and occupational exposure in the workplace (yes, no) (see Section 2.5). The reference
categories (OR = 1.00) were the control sample and the lowest level of each DP (the bottom tertile or
low level). The level of significance of the OR was verified with Wald'’s test [67]. The statistical analysis
was performed using STATISTICA software (version 13.3 PL; StatSoft Inc., Tulsa, OK, USA; Krakéw,
StatSoft Polska).

3. Results

The distribution of the general characteristics of the cases and controls is shown in Table 1.
Most subjects with lung cancer cases were slightly older and had lower body weight compared to
the non-cancer group (controls). When compared to the controls, more cases of lung cancer had a
lower education level and socioeconomic status, and were less physically active at work and overall.
A higher proportion of cases were former smokers who smoked for a long time (>10 years) and were
classified as heavy smokers (>11 pack-years). The frequency of food consumption by smoking status is
shown in Supplementary Table S4.

Table 1. Characteristics of the lung cancer sample and control sample.

Cancer Control Sample Cancer Sample Control Sample
Variable p-Value
n % n % n %
Sample size 439 100.0 187 100.0 252 100.0
Age (years ¥) 62.6 (7.2) 63.0 (7.1) 62.3 (7.3) 0.2586
45.0-49.9 12 2.8 3 1.6 9 3.6
50.0-54.9 41 9.3 12 6.4 29 11.5
55.0-59.9 76 17.3 24 12.8 52 20.6
60.0-64.9 133 30.3 51 27.3 82 325 <0.0001
65.0-69.9 97 22.1 42 22.5 55 21.8
70.0-74.9 47 10.7 29 15.5 18 7.1

75.0-80.0 33 7.5 26 13.9 7 2.8
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Table 1. Cont.

Cancer Control Sample Cancer Sample Control Sample
Variable p-Value
n Y% n % n %
BMI (kg/m? *) 27.7 (4.8) 27.3 (4.9) 28.0 (4.7) 0.1354
<185 10 2.3 10 54 0 0.0
18.5-24.9 125 28.5 86 46.0 39 15.5 <0.0001
25.0-29.9 160 36.4 55 29.4 105 41.7 ’
>30 144 32.8 36 19.2 108 42.8
Place of residence
rural 152 34.6 67 35.8 85 33.7
sub-urban 202 46.0 81 43.3 121 48.0 0.5981
urban 85 194 39 20.9 46 18.3
Education level
primary 104 23.7 72 38.5 32 12.7
secondary 258 58.8 104 55.6 154 61.1 <0.0001
higher 77 17.5 11 59 66 26.2
Economic situation
below average 91 20.7 53 28.3 38 15.1
average 278 63.3 118 63.1 160 63.5 <0.0001
above average 70 16.0 16 8.6 54 214
Socioeconomic status
(SES index) @
low 235 53.5 121 64.7 114 452
average 87 19.8 25 134 62 24.6 0.0002
high 117 26.6 41 21.9 76 30.2
Physical activity at work P
low 223 50.8 115 61.5 108 429
moderate 154 35.1 48 25.7 106 42.0 0.0003
high 62 14.1 24 12.8 38 15.1
Physical activity in leisure time €
low 148 33.7 71 38.0 77 30.6
moderate 236 53.8 95 50.8 141 55.9 0.2570
high 55 12.5 21 11.2 34 13.5
Overall physical activity d
low 227 51.7 113 60.4 114 452
moderate 165 37.6 57 30.5 108 429 0.0069
high 47 10.7 17 9.1 30 11.9
Current smoking status
never smokers 50 12.5 1 0.5 49 19.5
current smokers 157 34.6 69 36.9 88 45.6 <0.0001
former smokers 232 52.9 117 62.6 115 349
Smoking period
never smokers 55 12.5 1 0.5 54 214
<5 years 27 6.1 5 2.7 22 8.7
5-10 years 13 3.0 2 11 1 44 00001
>10 years 344 78.4 179 95.7 165 65.5
Number of cigarettes smoked
0 pcs 55 12.5 1 0.5 54 21.4
<10 pcs 28 6.4 6 32 22 8.7
11-20 pcs 217 494 104 55.6 113 449 <0.0001
21-40 pcs 104 23.7 50 26.8 54 214
>40 pcs 35 8.0 26 13.9 9 3.6
Smoking (pack-years)
0 pack-years (never smoker) 55 12.5 1 0.5 54 214
2.5-11 pack-years 252 57.4 12 599 140 556 ~ <0-0001

(moderate smoker)
>11 pack-years (heavy smoker) 132 30.1 74 39.6 58 23.0
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Table 1. Cont.

Cancer Control Sample Cancer Sample Control Sample
Variable p-Value
n % n % n %
Family history of lung cancer
among relatives
yes 91 20.7 39 20.9 52 20.6
no 324 73.8 138 73.8 186 73.8 0.9945
I do not know 28 5.5 10 53 14 5.6
Occupational exposure in the
workplace
yes 137 31.2 64 34.2 73 28.9 02399
no 302 68.8 123 65.8 179 71.1 ’

* Mean and standard deviation (SD); * SES index was calculated based on place of residence, educational level,
and declared economic situation (description in the Materials and Methods section); ® physical activity at work:
low—more than 70% of working time spent sedentary or retired, moderate—approx. 50% of working time spent
sedentary and 50% of working time spent in an active manner, high—approx. 70% of working time spent in an
active manner or physical work related to great exertion [64]; ¢ physical activity in leisure time: low—sedentary for
most of the time, watching TV, reading books, walking 1-2 h per week, moderate—walking, bike riding, gymnastics,
gardening, light physical activity performed 2-3 h per week, high—bike riding, jogging, gardening, sport activities
involving physical exertion performed more than 3 h weekly [68]; d after combining data based on declared
physical activity at work and physical activity in leisure time [69]; details in Supplementary Table S3; n—number;
%—percentage of the sample; p—level of significance assessed by chi? test (categorical variables) or Kruskal-Wallis’
test (continuous variables).

3.1. Food Consumption Frequency and Dietary Patterns

Using three PCA-driven DPs, three dietary patterns were derived: prudent DP, westernized
traditional DP, and sweet dairy DP. The total explained variation of these three dietary patterns was
31%. Each dietary pattern explained 15%, 10%, and 6% of the consumption variance of 23 food groups,
respectively. The concise names of the patterns represented the most prominent features and were
labelled as follows: prudent DP—was positively loaded by the consumption frequency of whole grain
products (0.65), fruits (0.64), nuts and seeds (0.57), vegetables (0.49), fish (0.48), legumes (0.47), and fruit,
vegetable, and vegetable-fruit juices (0.32), and was negatively loaded by the consumption frequency
of refined grain products (—0.54), sugar, honey and sweets (—0.45); westernized traditional DP—was
positively loaded by the consumption frequency of red and processed meats (0.63), white meat (0.56),
potatoes (0.51), other fats (0.45), vegetables (0.43), refined grain products (0.39), sweetened beverages
and energy drinks (0.38), and sugar, honey, and sweets (0.37); sweet dairy—was positively loaded
by the consumption frequency of animal fats (0.66), milk, fermented milk drinks, and curd cheese
(0.49), sweetened milk drinks and flavored homogenized cheese (0.45), eggs (0.43), cheese (0.38), sugar,
honey, and sweets (0.37), breakfast cereals (0.37), refined grain products (0.35), vegetable oils (0.33),
and dried fruit and preserves (0.32), and was negatively loaded by the consumption frequency of other
fats (—0.39) (Table 2). The frequency of food consumption by different dietary patterns is shown in
Supplementary Table S5.

For the Polish-aMED, a significantly positive correlation was found between the Polish-aMED score
with the consumption frequency of seven (out of nine) components: whole grains products (r = 0.49),
fruits (r = 0.25), nuts and seeds (r = 0.54), vegetables (r = 0.50), legumes (r = 0.41), alcohol (r = 0.21),
and the ratio of vegetable oils to animal fat (r = 0.11) (Table 2).

3.2. Dietary Patterns and Lung Cancer

The association between dietary patterns and the risk of lung cancer are presented in Table 3
(distributions) and Table 4; Table 5 (odds ratios).

Within the cancer-control sample, one out of the three PCA-driven dietary patterns, prudent,
showed a significant association with the prevalence of lung cancer in a logistic regression analysis.
The risk of lung cancer was lower by 37% (OR: 0.63; 95% CI: 0.39-1.00; p < 0.05; crude model) in
subjects with moderate adherence to the prudent DP when compared to the lower adherence as a
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reference. This association was not significant after adjustment. The risk of lung cancer was lower
by 43% (OR: 0.57; 95% CI: 0.44-0.72; p < 0.0001; crude model) and 28% (OR: 0.72; 95% CI: 0.53-0.96;
p < 0.05; adjusted model) in subjects with higher adherence to the prudent DP when compared to
the lower adherence as a reference (Table 3). The westernized traditional DP and sweet dairy DP
were not significantly associated with the risk of lung cancer. For the Polish a-MED DP, the risk of
lung cancer was lower by 49% (OR: 0.51; 95% CI: 0.31-0.81; p < 0.05, adjusted model and OR: 0.51;
95% CI: 0.32-0.81; p < 0.05; adjusted model) in subjects with moderate adherence (4-6 points) and high
adherence (7-9 points) to the Polish-aMED score when compared to the low adherence (0-3 points).

For moderate smokers, the risk of lung cancer was lower by 49% (OR: 0.51; 95% CI: 0.37-0.71;
p < 0.0001; crude model) and 41% (OR: 0.59; 95% CI: 0.39-0.90; p < 0.05; adjusted model) for higher
adherence to the prudent DP when compared to the lower adherence. The westernized traditional DP
and sweet dairy DP were not significantly associated with the risk of lung cancer in moderate smokers.
For moderate smokers, the risk of lung cancer was lower by 65% (OR: 0.35; 95% CI: 0.18-0.65; p < 0.05;
adjusted model) and 66% (OR: 0.34; 95% CI: 0.15-0.76; p < 0.05; adjusted model) in the moderate
adherence (4-6 points) and the high adherence (7-9 points) to the Polish-aMED score when compared
to the low adherence (0-3 points).

No dietary pattern was significantly associated with the risk of lung cancer among heavy smokers.

Table 2. Factor loadings for food groups in principal component analysis (PCA)-derived dietary
patterns and the Pearson’s correlation coefficients for food groups in the Polish-aMED score (1 = 439).

Food Groups PCA-Derived Dietary Patterns Polish-aMED
Prudent Westernized Traditional Sweet Dairy Score
Whole grain products 0.65 -0.04 -0.03 0.49 *
Fruits 0.64 0.16 0.24 0.25*
Nuts and seeds 0.57 0.05 0.12 0.54 *
Vegetables 0.49 0.43 0.20 0.50 *
Fish 0.48 0.23 0.08 0.41
Legumes 0.47 0.04 0.26 0.41 %
Fruit, vegetable, vegetable-fruit juices 0.32 0.20 0.26 0.21*
Refined grains products —-0.54 0.39 0.35 -0.21*
Sugar, honey, and sweets -0.45 0.37 0.37 -0.09
Red and processed meats 0.08 0.63 0.07 -0.00
White meat 0.19 0.56 -0.01 0.13 *
Potatoes -0.13 0.51 0.13 -0.02
Other fats -0.18 0.45 -0.39 -0.13 *
Sweetened beverages and energy drinks 0.10 0.38 0.23 0.14*
Animal fats -0.11 0.01 0.66 0.06
Milk, fermented milk drinks, 013 012 0.49 017 *
and curd cheese
SweeteneFl milk drinks and flavored ~0.02 001 0.45 0.07
homogenized cheese
Eggs 0.12 0.17 0.43 0.14 *
Cheese 0.12 0.15 0.38 0.19 *
Breakfast cereals 0.10 -0.25 0.37 0.10 *
Vegetable oils 0.11 0.24 0.33 0.11*
Dried fruit and preserves 0.23 0.02 0.32 0.15*
Alcohol 0.05 0.12 0.01 0.21*
Ratio of vegetable oils to animal fat NA NA NA 0.11*
Share in explaining the variance (%) 15 10 6 NA

Polish-aMED—Polish-adapted Mediterranean diet (range of points: 0-9); bolded values are marked for the main
components of PCA-derived dietary patterns with absolute loadings > |0.3| and for nine components of the
Polish-aMED score; * p < 0.05, test of significance for Pearson’s correlation coefficients; NA—not applied.
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Table 3. Distribution of lung cancer cases by adherence to the dietary patterns and smoking status.

10 of 20

Adherence to the

Cancer Control Sample (n = 439)

Smoking Status

Never Smoker (n = 55)

Moderate Smoker (n = 252)

Heavy Smoker (n = 132)

Dietary Pattern Sample Cancer Cases Sample Cancer Cases Sample Cancer Cases . Sample Cancer Cases
Size n % Size n % Size n % Size n %
Prudent <0.0001 0.6742 0.0046 0.6541
lower 146 81 55.5 7 0 0.0 90 51 56.7 49 30 612
moderate 146 64 43.8 17 0 0.0 85 41 48.3 44 23 52.3
higher 147 42 28.6 30 1 3.3 77 20 25.9 40 21 52.5
Westernized 0.8912 0.4102 0.9861 0.1221
Traditional
lower 147 63 429 20 1 5.0 84 37 44.0 43 25 58.1
moderate 146 64 43.8 19 0 0.0 82 37 45.1 45 27 60.0
higher 146 60 41.1 16 0 0.0 86 38 44.2 44 22 50.0
Sweet Dairy 0.4017 0.4101 0.9054 0.8343
lower 146 62 425 17 0 0.0 85 37 435 44 25 56.8
moderate 147 57 38.8 20 1 5.0 89 37 41.6 38 19 50.0
higher 146 68 46.6 18 0 0.0 78 38 48.7 50 30 60.0
Polish-aMED score <0.0001 0.4102 0.0003 0.8254
low (0-3 points) 177 97 51.9 15 0 0.0 106 63 59.4 56 34 60.7
moderate (4-6 points) 221 83 444 27 1 3.7 127 47 37.1 67 35 52.2
high (7-9 points) 41 7 3.7 13 0 0.0 19 2 10.5 9 5 55.6

Polish-aMEDscore—Polish-adapted Mediterranean diet score (range of points: 0-9); n—number; %—percentage of the sample; p—the level of significance verified with the chi? test

(cancer cases vs. controls).
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Table 4. Odds ratios (95% confidence intervals) of lung cancer risk by adherence to the dietary patterns.

. Cancer-Control Sample (n = 439)
Adherence to the Dietary Pattern

Crude Model P Adjusted Model p
Prudent
lower (ref.) Ref. Ref.
moderate 0.63 (0.39; 1.00) 0.0472 0.63 (0.37; 1.08) 0.1394
higher 0.57 (0.44; 0.72) <0.0001 0.72 (0.53; 0.96) 0.0432
Westernized Traditional
lower (ref.) Ref. Ref.
moderate 1.04 (0.65; 1.66) 0.8667 0.79 (0.45; 1.37) 0.5123
higher 0.96 (0.76;1.22) 0.7601 0.81 (0.60; 1.08) 0.1495
Sweet Dairy
lower (ref.) Ref. Ref.
moderate 0.86 (0.54; 1.37) 0.5203 0.68 (0.39; 1.20) 0.1495
higher 1.09 (0.86; 1.37) 0.4803 0.99 (0.75; 1.30) 0.7999
Polish-aMED score
low (0-3 points; ref.) Ref. Ref.
moderate (4—6 points) 0.50 (0.33; 0.74) 0.0004 0.51 (0.31; 0.81) 0.0048
high (7-9 points) 0.41 (0.27; 0.64) <0.0001 0.51 (0.32; 0.81) 0.0046

Ref.—reference category; Polish-aMEDscore—Polish-adapted Mediterranean diet score (range of points: 0-9); p—the
level of significance assessed by Wald's test; model adjusted for: age (categories), BMI (categories), current smoking
status (never smokers, current smokers, former smokers), socioeconomic status (low, average, high), overall physical
activity (low, moderate, high), the occurrence of lung cancer in relatives (yes, no, I do not know), and occupational
exposure in the workplace (yes, no); reference category in the PCA: controls.
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Table 5. Odds ratios (95% confidence intervals) of lung cancer risk by adherence to the dietary patterns in smokers.

12 of 20

Adherence to the Moderate Smoker (n = 252) Heavy Smoker (n = 132)
Dietary Pattern Crude Model p Adjusted Model p Crude Model p Adjusted Model p
Prudent
lower (ref.) Ref. Ref. Ref. Ref.
moderate 0.67 (0.37; 1.21) 0.2579 0.68 (0.34; 1.34) 0.2579 0.80 (0.34; 1.90) 0.6226 0.82 (0.30; 2.26) 0.6958
higher 0.51 (0.37; 0.71) < 0.0001 0.59 (0.39; 0.90) 0.0154 0.88 (0.57; 1.37) 0.5758 1.10 (0.64; 1.88) 0.7187
Westernized Traditional
lower (ref.) Ref. Ref. Ref. Ref.
moderate 1.09 (0.59; 2.00) 0.8320 0.92 (0.43; 1.96) 0.8320 0.95 (0.40; 2.33) 0.9147 0.79 (0.28; 2.27) 0.6574
higher 1.03 (0.76; 1.40) 0.8131 0.95 (0.65; 1.40) 0.8131 0.77 (050; 1.21) 0.2505 0.69 (0.40; 1.19) 0.1495
Sweet Dairy
lower (ref.) Ref. Ref. Ref. Ref.
moderate 0.96 (0.53; 1.76) 0.5139 0.78 (0.38; 1.64) 0.5139 0.68 (0.27; 1.69) 0.3944 0.49 (0.16; 1.46) 0.1496
higher 1.14 (0.84;1.56) 0.8109 1.05 (0.72; 1.51) 0.8109 0.98 (0.64; 1.50) 0.9244 0.92 (0.56; 1.50) 0.7999
Polish-aMED score
low (0-3 points; ref.) Ref. Ref. Ref. Ref.
moderate (4-6 points) 0.40 (0.23; 0.68) 0.0007 0.35 (0.18; 0.65) 0.0010 0.71 (0.34; 1.46) 0.3462 0.64 (0.27; 1.55) 0.2485
high (7-9 points) 0.28 (0.13; 0.61) 0.0010 0.34 (0.15; 0.76) 0.0079 0.77 (0.90; 0.44) 0.7692 1.17 (0.53; 2.61) 0.3462

Ref.—reference category; Polish-aMEDscore—Polish-adapted Mediterranean diet score (range of points: 0-9); moderate smoker—smoker who smoked 2.5 to 11 pack-years;
heavy smoker—smoker who smoked more than 11 pack-years; p—the level of significance assessed by Wald's test; adjusted model for: age (categories), BMI (categories), socioeconomic
status (low, average, high), overall physical activity (low, moderate, high), the occurrence of lung cancer in relatives (yes, no, I do not know), and occupational exposure in the workplace
(yes, no); reference category in the PCA: never smoker in controls.
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4. Discussion

The current study found that men from northeastern Poland had higher adherence to the prudent
DP and that the Polish-aMED score was associated with a significantly lower risk of lung cancer,
independent of confounders. This inverse association between both pro-healthy dietary patterns and
lung cancer in men was visible even in moderate smokers, although it was not confirmed among heavy
smokers. The westernized traditional DP and sweet dairy DP were not significantly associated with
the risk of lung cancer.

The study showed that the risk of lung cancer was 28% lower in men with higher adherence to
the prudent DP, independent of confounders, which were taking into consideration. This prudent DP
included whole grain products, fruits, nuts and seeds, vegetables, fish, legumes, fruits, vegetables,
and vegetable-fruit juices, while it was negatively loaded by the consumption frequency of refined grain
products, sugar, honey, and sweets. A beneficial effect was previously shown for many pro-healthy
dietary patterns, which were rich, similar to the prudent DP, in fruits and vegetables [29], milk [32],
low-fat foods [14], fish [70], pasta, rice, poultry, and oils [31].

High and moderate adherence to the Polish-aMED score reduced lung cancer risk at the same level
(by 49%), independent of confounders. This strong association was found even though Poland is a
non-Mediterranean country and the dietary habits of the Polish population do not closely resemble the
traditional Mediterranean diet. This result is consistent with previous outcomes from other countries,
which found a beneficial effect of the Mediterranean pattern on lung cancer risk [44,68]. In a Dutch
study (NLCS), high adherence to the alternate Mediterranean diet (without alcohol) was associated
with a reduced risk of lung cancer in men by 9% and women by 27% [44]. In a study (both sexes) in
Sweden, it was found that following the Mediterranean diet reduces the risk of lung cancer by 14%,
while, in Italy, following the recommendations of this diet reduces the risk by as much as 80% [71,72].
While there were similarities between the countries, there are also important differences in dietary
habits and food consumption [49]. An updated systematic review and meta-analysis confirm that high
adherence to the Mediterranean diet reduces the risk of respiratory cancers by 16% [73].

An inverse association between lung cancer and both pro-healthy dietary patterns was visible even
in moderate smokers. Moderate smokers with higher adherence to the prudent DP had a lower risk of
lung cancer by 41%, independent of confounders. Previous studies from China [32], USA [29], and the
Netherlands [31] revealed that the pro-healthy patterns rich in fruits and vegetables were associated
with reduced risk of lung cancer risk among smokers. Case studies among smokers (both genders)
found that the fruits and vegetables pattern was associated with the reduced risk of lung cancer by
46% in Americans and 73% in Chinese people [29,32]. For Dutch males, higher adherence to the salad
vegetables pattern was associated with a 10% lower risk of lung cancer among male smokers and
23% lower risk among former smokers [31]. This result was partly confirmed in the current study,
showing that for moderate smokers, a higher adherence to the prudent DP, characterized by a higher
consumption frequency of vegetables and fruit, was associated with a lower risk of lung cancer.

The current study found that moderate smokers (including current smokers) with higher and
moderate adherence to the Polish-aMED score had a lower risk of lung cancer (66% and 65%,
respectively), independent of confounders, which were taken into consideration. Previous studies from
Australia [45] found that high adherence to the Mediterranean diet score was associated with lower lung
cancer risk (by 36% overall and by 62% for current smokers). The European Prospective Investigation
into Cancer and Nutrition (EPIC) study [74] found that higher adherence to the Mediterranean dietary
pattern was associated with a 12% reduction in the risk of tobacco-related cancers among smokers. Thus,
the current results reinforce previous reports and confirm the pro-health effect of the Mediterranean
diet in relation to the risk of lung cancer, even for moderate smokers.

The two pro-healthy dietary patterns considered in this study—the prudent pattern and the Polish
a-MED score—were inversely associated with healthy outcomes in moderate smokers. Moderate
male smokers with higher adherence to these dietary patterns had a lower risk of lung cancer (by 41%
and 66%, respectively), whereas, among heavy male smokers, this relationship disappeared, and no
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pro-healthy dietary patterns were significantly associated with the risk of lung cancer. In contrast to
the current findings, in an Italian study involving heavy smokers (>20 pack-years), adherence to the
vitamin and fiber diet regimen was associated with a 43% lower risk of lung cancer [75]. Although
this pattern can be classified as pro-healthy, it was not similar to the prudent pattern in the current
study because the vitamin and fiber formula included vitamin supplementation, so the possibility
of comparing both results is limited. This finding documents the positive potential of pro-healthy
dietary patterns. It may be speculated that these DPs could modulate the negative impact of moderate
smoking, but not heavy smoking. Further studies are needed in both sexes and in other countries to
determine if it is a general rule or a specific relationship for Polish males.

The study found no association between the westernized traditional pattern and lung cancer,
which can be explained by the opposite influence of food components of this pattern. The westernized
traditional pattern reflects the diet of many Poles, which consists of traditional staple foods (e.g., meat,
potatoes, refined grain products) and vegetables prepared in a traditional manner, which are combined
with western dietary influences, e.g., the consumption of sweetened beverages and energy drinks,
sugar, honey, and sweets [76,77]. Contrary to the current results, a higher adherence to dietary
patterns labelled as Western was associated with an increased risk of lung cancer in American [29]
and Uruguayan men [36], although components of these Western patterns slightly differed from the
westernized traditional pattern of Polish men. In previous Polish studies [33] regarding the risk of breast
cancer in women and lung cancer in men, no significant relationship between the traditional Polish
pattern and both cancers was obtained. The components of the westernized Polish pattern coincide
with the characteristics reported in previous Polish studies, in which the westernized traditional
pattern was positively associated with lipid disorders and high blood pressure in adolescents [76],
and the westernized traditional pattern with premature coronary artery disease in young men [78].

In the current study, no association between the sweet dairy pattern and lung cancer risk was found.
This pattern included foods with a potentially beneficial effect on health (vegetable oils, dried fruit, and
preserves) and foods with potentially negative effects on health (sugar, honey, sweets, and breakfast
cereals) [76,79,80]. Such a combination may have influenced the neutral character of the final results
regarding lung cancer risk. Other studies on dietary patterns and lung cancer have not identified a
similar pattern, so a direct comparison of the current results is limited. The components of the sweet
dairy pattern coincide with the characteristics reported in previous health-related studies, in which the
pattern was neutral for health outcomes. In elderly Italians from the EPIC study, more hyperlipidemic
subjects were found in those with lower adherence to the sweet and dairy pattern than those with
normal blood lipids [81].

In the current study, in moderate and heavy male smokers, the westernized traditional and the
sweet dairy patterns were not significantly associated with the risk of lung cancer. No previous studies
involved male smokers to investigate the risk of lung cancer in this cohort with similar dietary patterns,
so a direct comparison of the current results with other studies cannot be provided.

To the authors’ best knowledge, this is the first Polish study in men regarding the association
between lung cancer risk and dietary patterns, including the Polish-aMED score, considering the time
of tobacco smoking. Overall, the data highlight the beneficial effect of a healthy diet on lung cancer
risk in men from northeastern Poland. These findings could be helpful in preventing lung cancer,
which was the most common cause of death from cancer in 14 regions of the world in 2018 (including
in Eastern Europe) [82].

Strength and Limitations

The current study has several limitations. Due to the multifactorial aetiology of cancer, an adjusted
model for the diet-cancer association, including many potential confounders [7,33,34], was calculated.
However, it was not possible to include all potential confounders. Thus, the possibility of residual
confounding by factors that were not evaluated cannot be ruled out. The next limitation is a lack of
quantitative data regarding food consumption and nutrient intake, although current evidence shows the
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limitations in concluding when single foods or nutrient components are considered [80]. In this study,
an informational bias regarding lifestyle factors (e.g., diet, physical activity, smoking) is possible—it is a
general limitation when subject-reported data are collected and interpreted. On the other hand, there is
no golden method, and the food frequency method covering one year is a reasonable choice in dietary
assessment [83]. Furthermore, the measurement of long-term usual daily physical activity or smoking is
difficult. It cannot be ruled out that some of these lifestyle factors may have changed close to the cancer
diagnosis due to early symptoms. Although retrospective data has been collected (for diet: 12 months
before to data collection and diagnosis; for smoking: many years before). Thus, it can be speculated
that the association between retrospective, long-time exposure (lifestyle) and cancer risk was identified,
not short-term exposure as a result of health impairment. With respect to smoking, the cumulative
exposure (in pack-years) can be interpreted with caution. Without a doubt, the longer one smokes and
the more cigarettes one smokes per day (pack-years), the greater one’s chances of getting lung cancer
and other smoking-related diseases. Even though the problem of how to summarize the effects of
extended and variable exposures is a universal one in epidemiology and is still open, the cumulative
dose has been widely used in analyses of numerous other exposures, including smoking [84]. In this
study, a multidimensional statistical analysis (PCA) has both limitations and strengths. For the three
PCA-driven dietary patterns that have been identified, the cumulative percentage of variance explained
was not too high (31%). Since dietary data are variables with high variability [85], it is not possible to
achieve a high level of the total variance explained while data-driven dietary patterns were identified.
According to the literature on nutrition, the typical range is 20% to 30% of the total variance explained
by two or three dietary factors (dietary patterns). In this light, the current result (31% for three factors)
is better than many previously reported [86-89]. The strength of a statistical analysis is the sample
size—sulfficient for PCA performance (the subject-to-item ratio 19:1) [61].

A major strength of the study is the identification of dietary patterns (hypothesis-driven approach
and data-driven approach) [58], which represents the overall combination of commonly consumed
food and a consideration of the health outcome (synergistic or opposed) of many single dietary
items [90]. Secondly, an additional logistic regression analysis was performed on the data, including an
age-matched control sub-sample (1 = 238), to ensure that study outcomes do not differ when the two
groups are age-matched (Tables S6 and S7). Thirdly, to collect dietary data, an interviewer-administrated
FFQ with adequate to high internal repeatability [91] was used. Finally, although several studies have
explored the association between dietary patterns and lung cancer, none have reported results from
adults living in Central or Eastern Europe, considering the history of tobacco smoking. The current
paper fills this important gap by exploring the link between different dietary patterns, including the
Polish-aMED score, and cancer risk in male smokers from northeastern Poland.

5. Conclusions

The current study suggests that pro-healthy dietary patterns, including the Mediterranean
pattern, may favour a lower risk of lung cancer in men. This beneficial association was found in
moderate smokers, although it was not confirmed in heavy smokers. It can be speculated that a higher
consumption frequency of foods with components of a pro-healthy diet can, to some extent, reduce the
negative effect of moderate smoking and lower the risk of lung cancer. Given the limited number of
participants, prospective studies with close control of confounding factors are needed, especially in
northeastern European countries, to confirm the link between pro-healthy dietary patterns and the
lower risk of lung cancer in moderate smokers.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/12/3788/s1,
Table S1: Food groups used in the dietary pattern analysis. Table S2: The Polish-aMED score (0-9 points)
calculation and reference medians of food consumption frequency—data for 262 subjects of the control sample.
Table S3: Estimation of the overall physical activity after combining data based on self-reported physical activity at
work and physical activity in leisure time. Table S4: The mean (95% confidence interval) of the frequency of food
consumption by smoking status for the cancer control sample (times/day). Table S5: The mean (95% confidence
interval) of the frequency of food consumption by dietary patterns (times/day). Table S6: Characteristics of the
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lung cancer sub-sample and the control sub-sample after age matching. Table S7: Odds ratios (95% confidence
interval) of lung cancer risk by adherence to the dietary patterns in smokers after age matching of controls.
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Table S1. Food groups used in the dietary pattern analysis.

Food Groups

Dietary Items

Whole grain products

Wholemeal wheat or rye bread, seeded loaves, pumpernickel,
wholemeal cracker bread, buckwheat groats, barley, brown rice,
wholemeal pasta, etc.

Fruits

All kinds of fruits

Nuts and seeds

Peanuts, hazelnuts, walnuts, cashews, coconuts, chestnuts, peanut
butter, chocolate-nut spread, pumpkin seeds, sesame seeds, sunflower
seeds, wheat germs, wheat bran, etc.

Vegetables All kinds of vegetables (potatoes not included)

Fish Pollock, cod, perch, hake, carp to 1 kg, tuna, panga, trout, salmon,
sardines, herring, mackerel, eel, large carp, etc.

Legumes Corn, green peas, green beans, etc.

Fruit, vegetable, vegetable-fruit juices

Mixed fruit juice, orange, grapefruit, apple, pear, grape, blackcurrant,
cherry juice, mixed vegetable juice, tomato, carrot and carrot-fruit
juice, etc.

Refined grain products

White bread, rye, wheat-rye bread, toast bread, white bread rolls,
brioche, bagels, semolina, milled barley, pasta, white rice, rice flakes,
etc.

Sugar, honey and sweets

Sugar added to beverages, such as tea, coffee. Honey added to dishes
and beverages. Chocolate, chocolate sweets and chocolate bars, boiled
sweets, hard caramels, jellied sweets, fudge, biscuits, cream cakes, fruit
cakes, sponge cakes, cheesecakes, doughnuts, poppy-seed cakes,
mulffins, croissants, ice-creams and custard etc.

Red and processed meats

Pork, beef, veal, wild boar, venison, quail, mallard, hare, etc.

White meat Poultry and rabbit
Potatoes Boiled, baked, French fries, potato rosti, gnocchi, etc.
Other fats Margarine for baking, frying, spreading. Mayonnaise and salad

dressings

Sweetened beverages and energy drinks

Sweetened beverages and energy drinks

Animal fats

Lard, pork fat, etc.

Milk, fermented milk drinks and curd
cheese

Milk and natural milk beverages (yoghurt, kefir, buttermilk), porridge,
cheese curd, natural cottage cheese, soft cheese, mozzarella, cottage
cheese with herbs, etc.

Sweetened milk drinks and flavoured
homogenized cheese

Fruit yoghurts, yoghurts with chocolate flakes, flavoured buttermilk,
hot chocolate, flavoured curds (with fruit, chocolate, vanilla), etc.

Eggs

Scrambled eggs, omelette, egg salad, cooked eggs

Cheese

Hard cheese, blue cheese, processed cheese, cheese spreads, etc.

Breakfast cereals

Muesli, cornflakes, other cereals - sweetened or unsweetened, etc.

Vegetable oils

Vegetable-based oil

Dried fruit, fruit preserves and fruit
condiments

Raisins, dried apricots, figs, apples, prunes, fruit compote, jams,
marmalades, dates, dried bananas, etc.

Alcohol

Beer, wine and cocktails, vodka and other spirits




Table S2. The ‘Polish-aMED’ score (0-9 points) calculation and reference medians of food consumption frequency-
data for 262 subjects of the control sample.

Frequency of consumption

Food Groups (times/day)* Criteria for 1 point
Mean (95% Cl) Median*

Vegetables 0.831 (0.758; 0.903) 0.704 Greater than median intake

Fruit 0.625 (0.583; 0.666) 0.565 Greater than median intake

Whole grains 0.711 (0.633; 0.789) 0.671 Greater than median intake

Fish 0.233 (0.198; 0.268) 0.200 Greater than median intake

Legumes 0.207 (0.171; 0.244) 0.125 Greater than median intake

Nuts and seeds 0.258 (0.201; 0.316) 0.050 Greater than median intake

Ratio of vegetable oils to animal fat 1.334 (0.824; 1.844) 0.444 Greater than median intake
Red and processed meat 1.998 (1.856; 2.214) 1.913 Less than median intake

Alcohol - - Do not abuset

* food consumption frequency was expressed as times/day after assigning the values for categories of frequencies
as follows: ‘never or almost never’ = 0; “‘once a month or less” = 0.025; ‘several times a month’ = 0.1; “several times a
week’ = 0.571; “daily’ = 1; “several times a day’ = 2. 95% CI—95% confidence interval; # reference median of food
consumption frequency; & the men were asked about their alcohol consumption and, based on the literature, two
classifications were created: (i) abuse, (ii) do not abuse alcohol [63, 64, 65].

Table S3. Estimation of the overall physical activity after combining data based on self-reported physical activity at
work and physical activity in leisure time [69].

Physical activity at work

low moderate high
Physical activity low low low moderate
in leisure time  moderate low moderate moderate

high moderate moderate high




Table S4. The mean (95% Confidence Interval) of the frequency of food consumption by smoking status* for cancer-

control sample (times/day).

Moderate smoker

Heavy smoker

Food groups Cancer Control Cancer Control

Sample Sample P Sample Sample P

Sample size (n) 112 140 - 74 58 -
Sugar, honey and sweets 2.0(1.9; 2.0 1.9 (1.7, 2.0) 0.012 2.0 (1.9; 2.0) 2.0(1.7;2.00 0.910
Red and processed meats 1.9 (1.7;2.0) 2.0(1.8;,1.9) 0.130 1.6 (1.4;1.9) 2.0(1.7;2.2) 0.044
Animal fats 14(1.2;15 11(1.0;13) 0071  14(1.2;1.6) 13(1.0;15) 0447
Refined grain products 1.3(1.2; 1.5) 1.0(0.9; 1.1) 0.001 1.3(1.8,1.4) 1.2(1.0,1.4) 0.508
Milk, fermented milk drinks and curd cheese 0.9 (0.7; 0.9) 1.0(0.9; 1.1) 0.113 1.0(0.8; 1.1) 1.0(0.8; 1.2) 0.532
Vegetables 0.5(04;05) 06(0.6;0.7) <0.001 05(04;06) 0.5(04,06) 0733
Fruits 0.6 (0.5,0.6) 0.7 (0.6;0.8) 0.024 0.6 (0.5;0.7)  0.6(0.50.7) 0.846
Potatoes 0.6 (0.6;0.7) 0.6 (0.6;0.7) 0.998 0.6 (0.6;0.7)  0.8(0.7,0.9)  0.009
Whole grain products 0.4(0.3;05) 0.7(0.6;08) <0.001 05(04;0.6) 0.6(04;0.7) 0.378
Vegetable oils (including olive oil) 0.5 (0.4; 0.6) 0.5 (0.5; 0.6) 0.238 0.5 (0.4; 0.5) 0.5 (0.4; 0.6) 0.414
Other fats (margarine, mayonnaise, 04(03;05 04(0305 0657 04(0205) 05(0.306) 0211

dressings)
Cheese 0.4(0.3;05) 0.4(0.4;0.5) 0.582 0.4(0.3;04) 0.3(0.2;,04) 0.566
White meat 0.4(0.3;04) 0.4(04;05) 0.068 0.3(0.3;04) 04(04,05)  0.086
Sweetened beverages and energy drinks 0.4 (0.3, 0.5) 0.4 (0.3, 0.5) 0.838 04(0.3;05) 0.3 (0.2,04) 0.036
Dried fruit and preserves 0.1(0.1;0.1) 0.1(0.1;0.2) 0.295 0.1(0.1;0.1) 0.1(0.1;0.2) 0.146
Eggs 0.3(0.2;0.3) 0.4(0.3;0.4) 0.022 0.3(0.3;04) 0.4(0.3;04) 0.366
Alcohol 0.4 (0.3, 0.5) 0.4 (0.3, 0.5) 0.610 0.2 (0.1; 0.3) 0.2 (0.1, 0.4) 0.981
Sweetened milk drinks and flavoured
. 0.2(0.1;0.2)  0.1(0.1;0.2) 0.476 0.2(0.1;0.3) 0.2(0.1;0.2) 0.168
homogenized cheese

Fish 0.2(0.1,0.2)  0.2(0.2;0.3) 0.229 0.2(0.1,03) 02(0.1,0.3) 0915
Nuts and seeds 0.1(0.0;0.1) 03(0.2;04) <0001 01(0.00.2) 01(0.1,02) 0.504
Legumes 0.1(0.1;0.1) 0.2 (0.2, 0.3) 0.002 0.2 (0.1; 0.3) 0.2 (0.1, 0.2) 0.705
Fruit, vegetable, vegetable-fruit juices 0.2 (0.1, 0.2) 0.1 (0.1;0.2) 0.290 0.1 (0.1;0.2) 0.1 (0.0; 0.2) 0.396
Breakfast cereals 0.0 (0.0;0.1)  0.1(0.0;0.1) 0.287 0.0 (0.0;0.1)  0.0(0.0,0.1)  0.545

* Data for never smokers were not presented due to the small number of subjects (n = 55) especially within the cancer

sample (n = 1); p — level of significance verified with a Kruskal-Wallis test.



Table S5. The mean (95% Confidence Interval) of the frequency of food consumption by dietary patterns (times/day).

Adherence to the dietary pattern

Food groups Total ‘Prudent’ ‘Westernized Traditional’ ‘Sweet Dairy’ ‘Polish-a MED’ score
lower moderate  higher lower moderate  higher lower moderate  higher low moderate high
Sample size (n) 439 146 146 147 147 146 146 146 147 146 177 221 41

Sugar, honey and sweets
Red and processed meats
Animal fats
Refined grain products

Milk, fermented milk drinks and 0

curd cheese
Vegetables
Fruits
Potatoes
Whole grain products
Vegetable oils (including olive
oil)

Other fats (margarine,
mayonnaise, dressings)
Cheese
White meat
Sweetened beverages and
energy drinks
Dried fruit and preserves
Eggs
Alcohol
Sweetened milk drinks and
flavoured homogenized cheese
Fish
Nuts and seeds
Legumes
Fruit, vegetable, vegetable-fruit
juices
Breakfast cereals

0(1.9,2.2
9 (1.8,2.0
3(1.2;,1.3

( ) 3.0 (2.83.1) 2.0 (1.8;2.1) 1.2(1.0;1.4) 1.2 (1.1;1.4) 2.0 (1.8;2.1) 2.9 (2.7;3.1) 1.3 (1.1;1.4) 2.0 (1.72.1) 2.9 (2.7;3.1) 2.4 (1.1;1.4
( )
( )
1.1 (1.0;1.2)
( )
( )
( )

3.0 (1.2;1.4) 1.0 (0.8;1.3
1.9 (1.82.1) 1.9 (1.7:2.1) 2.0 (1.8;2.2) 1.1 (1.0;1.2) 1.9 (1.7:2.0) 2.9 2.7:3.1) 1.6 (1.4;1.7) 1.9 (1.72.1) 2.4 (2.2;2.6) 1.8 (1.0;1.2

14

1.8

2.0
2.1 (1.1;1.3) 2.1 (0.9;1.5

(1.2;15) 1.3 (1.1;1.4) 1.2(1.0;1.2) 1.1 (1.0;1.2) 1.2 (1.1;1.3) 1.5 (1.4;1.7) 0.6 (0.5;0.6) 1.2 (1.1;1.3) 2.0 (1.9,2.1) 1.3 (0.8;1.0) 1.3

1.1

( ) 1.2 ( ( ) ( )

( ) 1.1 ( ( ) ( )

( ) 11 ( ( ) ( ) 1.3 (0.8;1.0) 0.8 (0.5;0.8
(1.7;1.8) 1.1(1.0;1.2) 0.5(0.5;0.6) 0.7 (0.6;08) 1.1 (1.0;1.2) 1.6 (1.5;1.7) 0.8(0.7;0.9) 1.0 (0.9;1.1) 1.6 (1.5;1.7) 1.3 (0.7;0.9)

( ) 0.8 ( ( ) ( )

( ) 0.7 ( ( ) ( )

( ) 0.6 ( ( ) ( )

( )
( )
( )

(0.7,0.8) 0.7 (0.5;0.7)
( )
( )
(

9 (0.9;,1.0 (0.7;1.0) 0.9 (0.8;,1.0) 1.1 (1.0;1.2 (0.7,0.9) 0.9(0.8;1.0) 1.1 (1.0;,1.2) 0.6 (0.5;0.6) 1.0 (0.9;,1.1) 1.2 (1.1;1.4) 0.8 (0.6;0.7) 1.0 (0.6;0.7) 1.0 (0.5;0.8

0.9 )

8(0.8,0.9) 0.8 (0.7;0.9) 0.8 (0.7;,0.8) 0.9 (0.8;1.0) 0.7 (0.6;0.7) 0.8 (0.7:0.9) 1.0 (0.9;1.1) 0.7 (0.6;0.7) 0.8 (0.7;0.9) 1.0 (0.9;1.1) 0.7 (0.4;0.5) 0.9 (0.4:0.5) 1.0 (0.3;0.5
8(0.7:0.8) 0.6 (0.6;0.7) 0.7 (0.7;0.8) 0.9 (0.8;1.0) 0.6 (0.6;0.7) 0.7 (0.6;0.8) 0.9 (0.9;1.0) 0.6 (0.5;0.7) 0.8 (0.7;0.8) 0.9 (0.9;1.0) 0.5 (0.4;0.5) 0.9 (0.4;0.5) 1.2 (0.4;0.6)

0.7 (0.6;0.7) 0.7 (0.7:0.7) 0.7 (0.6;0.7) 0.6 (0.5;0.7) 0.5(0.4;0.6) 0.7 (0.7:0.8) 0.8 (0.7;0.8) 0.6 (0.5,0.6) 0.7 (0.6;0.7) 0.7 (0.7:0.8) 0.7 (0.3;0.4) 0.7 (0.3;0.4) 0.6 (0.2;0.4)

0.6 (0.5,0.6) 0.2 (0.1;0.2) 0.5(0.4;0.5) 1.2 (1.1;1.2) 0.7 (0.6;0.8) 0.6 (0.5;0.7) 0.5 (0.4;0.6) 0.6 (0.5,0.7) 0.7 (0.6;0.7) 0.5 (0.4;0.6) 0.3 (0.4;0.5) 0.7 (0.6;0.7) 1.2 (0.4;0.7)

0.5 (0.5;,0.5) 0.5(0.4;0.5) 0.5(0.4;0.5) 0.6 (0.5;0.6) 0.4 (0.3;0.5) 0.5(0.5;0.6) 0.5(0.5;0.6) 0.4 (0.3;0.4) 0.5(0.5;0.6) 0.6 (0.6;,0.7) 0.4 (0.3;,0.4) 0.5(0.3;0.4) 0.6 (0.3;0.4)

0.4 (0.3,0.4) 0.5(0.4,0.6) 0.4 (0.3;0.5) 0.2 (0.2;0.3) 0.2 (0.1;0.2) 0.4 (0.3;,0.5) 0.6 (0.4;0.7) 0.6 (0.5,0.7) 0.4 (0.3;0.5) 0.2 (0.1;0.3) 0.4 (0.6;0.7) 0.4 (0.5;0.6) 0.4 (0.5;0.7)

0.4 (0.4,0.4) 0.3(0.3;0.4) 0.4 (0.3;,0.5) 0.4 (0.4;0.5) 0.3 (0.3;0.4) 0.4 (0.3;0.4) 0.5 (0.4;0.5) 0.2 (0.2;0.3) 0.4 (0.4;0.5) 0.5 (0.5;0.6) 0.3 (0.3;0.3) 0.4 (0.2;0.3) 0.4 (0.3;0.4)
0.4 (0.4,04) 0.3 (0.3;0.4) 0.4 (0.4,0.4) 0.4 (0.4,0.5) 0.3 (0.2;0.3) 0.4 (0.4,0.4) 0.5 (0.5;0.5) 0.3 (0.3;0.3) 0.4 (0.4,0.5) 0.4 (0.4,0.5) 0.3 (0.4;0.3) 0.4 (0.2;0.3) 0.5 (0.2;0.3)

0.4 (0.3,0.4) 0.4(0.3;0.4) 0.4(0.3;0.5) 0.4(0.3;0.5) 0.2 (0.2;0.3) 0.3(0.3;0.4) 0.6 (0.5;0.7) 0.3(0.2;0.3) 0.3 (0.3;0.4) 0.6 (0.5,0.6) 0.3 (0.4;,0.5) 0.4 (0.4;0.5) 0.4 (0.4;0.7)

0.3 (0.4,0.4) 0.2 (0.3;0.4) 0.3 (0.3;0.4) 0.3 (0.4;0.5) 0.3 (0.4,0.5) 0.3(0.3;0.4) 0.3 (0.3;,0.4) 0.2 (0.3;0.4) 0.3 (0.4,0.5) 0.3 (0.4;0.4) 0.2 (0.3;0.4) 0.3 (0.3;0.4) 0.4 (0.4;0.6)
0.3 (0.3;0.3) 0.3(0.2;0.3) 0.3 (0.3;0.3) 0.4 (0.3;0.4) 0.2 (0.2;0.3) 0.3(0.3;0.4) 0.4 (0.3;,0.4) 0.2 (0.2;0.3) 0.3 (0.3;0.4) 0.4 (0.4;0.5) 0.2 (0.2;0.2) 0.3 (0.3;0.3) 0.4 (0.2;0.3)
0.3 (0.3;0.4) 0.4 (0.3;0.5) 0.2 (0.2;0.3) 0.4 (0.3;0.5) 0.2 (0.2;0.2) 0.4(0.3;0.5) 0.4 (0.3;,0.5) 0.3 (0.2;0.4) 0.4 (0.3;0.4) 0.3 (0.3;0.4) 0.4 (0.3;0.4) 0.3 (0.3;0.4) 0.3 (0.1,0.4)

0.2 (0.1;0.2) 0.2(0.1;0.2) 0.1 (0.1;0.2) 0.2 (0.1,0.2) 0.1 (0.1;0.1) 0.2 (0.1;0.2) 0.2 (0.2;0.3) 0.1 (0.0;0.1) 0.2 (0.1;0.2) 0.3 (0.2;0.3) 0.1 (0.2;0.3) 0.2 (0.3;0.4) 0.1 (0.2;0.3)

0.2(0.2;0.2) 0.1(0.1;0.2) 0.2(0.2;0.2) 0.3 (0.3;0.4) 0.2 (0.1;0.2) 0.2(0.2;0.3) 0.3 (0.2;0.3) 0.2 (0.10.2) 0.2 (0.2;0.3) 0.2 (0.2;0.3) 0.1 (0.1;0.1) 0.2 (0.2;0.3) 0.5 (0.4;0.6)
0.2 (0.1;0.2) 0.1(0.1;0.1) 0.1 (0.1;0.1) 0.4 (0.3;0.5) 0.2 (0.1;0.2) 0.2(0.1;0.2) 0.2 (0.1;0.3) 0.2 (0.1:0.2) 0.2 (0.1;0.2) 0.3 (0.2;0.3) 0.1 (0.2;0.2) 0.2 (0.4;0.5) 0.6 (0.5;0.8)
0.2(0.1;0.2) 0.1(0.1;0.2) 0.1(0.1;0.2) 0.3 (0.2;0.3) 0.2 (0.1;0.2) 0.2(0.1;0.2) 0.2(0.2;0.3) 0.1 (0.1,0.2) 0.2 (0.1;0.2) 0.2 (0.2;0.3) 0.1 (0.1;0.2) 0.2 (0.2;0.3) 0.4 (0.3;0.5)

0.1(0.1;0.2) 0.1(0.1;01) 0.1 (0.1;0.2) 0.2(0.1,0.2) 0.1 (0.1;0.1) 0.1(0.1;0.2) 0.2 (0.1;0.2) 0.1 (0.1;0.1) 0.1 (0.1;0.2) 0.2 (0.1;0.2) 0.1 (0.2;0.2) 0.1 (0.2;0.3) 0.3 (0.3;0.4)
0.0 (0.0;0.1) 0.0 (0.0;0.0) 0.0 (0.0;0.0) 0.7 (0.0;0.1) 0.1 (0.0;0.1) 0.0 (0.0;0.0) 0.0 (0.0;0.1) 0.0 (0.0;0.0) 0.0 (0.0;0.1) 0.1 (0.0;0.1) 0.0 (0.1,0.1) 0.0 (0.1,0.2) 0.1 (0.2;0.2)




Table S6. Characteristics of the lung cancer sub-sample and the control sub-sample after age matching.

Variable Cancer-control sample Cancer sample Control sub-sample p
n % n % n %
Sample size 406 100.0 168 100.0 238 100.0
Age (years*) 62.3 (6.4) 63.4(6.7) 61.6 (6.2) 0.5580
45.0-49.9 7 1.7 3 1.8 4 1.7
50.0-54.9 37 9.1 12 7.1 25 10.5
55.0-59.9 72 17.8 24 14.3 48 20.2
60.0-64.9 132 32.5 51 30.3 81 34.0 0.0590
65.0-69.9 97 23.9 42 25.0 55 231
70.0-74.9 47 11.6 29 17.3 18 7.6
75.0-80.0 14 34 7 4.2 7 2.9

*mean and standard deviation (SD); n—number; % —percentage of the sample; p—level of significance
assessed by chi? test



Table S7. Odds ratios (95% Confidence Interval) of lung cancer risk by adherence to the dietary patterns in ever smokers after age matching of controls.

Cancer-control sample (n=406)

Moderate smoker (n=168)

Heavy smoker (n=238)

Adherence to the - . B
dietary pattern Crude model p Ai]:jzd p Crude model p A:::j::d p Crude model p A:::jzd p
‘Prudent’
lower (ref.) Ref. Ref. Ref. Ref. Ref. Ref.
moderate 0.61 (0.37; 0.99) 0.0438 0.71(0.41;1.21) 0.2044 0.60(0.33;1.12)  0.1064 0.73 (0.37;1.45)  0.3732 0.84 (0.34; 2.07) 0.7004  0.80(0.88;2.24)  0.6662
higher 0.54 (0.42;0.70)  <0.0001  0.74 (0.55;0.99) 0.0411 0.46 (0.33;0.66) <0.0001 0.64 (0.42;0.96) 0.0313 0.62 (0.89; 0.57) 0.6244  1.04 (0.60; 1.80)  0.8823
‘Westernized Traditional’
lower (ref.) Ref. Ref. Ref. Ref. Ref. Ref.
moderate 1.06 (0.66; 1.72) 0.0518 0.82(0.47;1.41) 04648 1.15(0.61;2.19) 0.6649 0.84 (0.40;1.77)  0.6485 0.92 (0.37; 2.29) 0.8570  0.91(0.33;2.52)  0.8581
higher 0.98 (0.77; 1.26) 0.9034 0.83(0.62;1.11)  0.1999 1.07(0.78;1.47) 0.6625 0.94 (0.63;1.39) 0.7514 0.81 (0.51; 1.28) 0.3571  0.75(0.44;1.28)  0.2899
‘Sweet Dairy’
lower (ref.) Ref. Ref. Ref. Ref. Ref. Ref.
moderate 0.85 (0.52; 1.39) 0.5161 0.79 (0.46;1.36)  0.3966  0.88 (0.47;1.66) 0.7031  0.87(0.43;1.76)  0.6876 0.77 (0.30; 2.01) 0.5903 0.66 (0.22;1.98)  0.4504
higher 1.09 (0.86; 1.39) 0.4631 1.02 (0.78;1.34)  0.8444 1.12(0.82;1.55) 0.4641 0.98 (0.68; 1.43)  0.9317 1.02 (0.66; 1.58) 0.0056  1.06 (0.65; 1.73)  0.8068
‘Polish—-aMED’ score
low (0-3 points; ref.) Ref. Ref. Ref. Ref. Ref. Ref.
moderate (4-6 points)  0.45 (0.29; 0.69) 0.0002 0.53 (0.33;0.83)  0.0062 0.33(0.19;0.57) <0.0001 0.35(0.19; 0.66)  0.0009 0.68 (0.31; 1.50) 0.3376  0.70(0.29; 1.68)  0.4139
high (7-9 points) 0.41(0.27;0.64)  <0.0001  0.52(0.32;0.82) 0.0053 0.28(0.13;0.61) 0.0012  0.36 (0.16;0.80) 0.0109  0.88(0.42; 1.84)  0.7298 1.15(0.50;2.62)  0.7347

Ref. —reference category; ‘Polish-aMED’score —‘Polish-adapted Mediterranean Diet’ score (range of points: 0-9); Moderate smoker—smoker who smoked 2.5 to 11 pack-years; Heavy

smoker —smoker who smoked more than 11 pack-years; p—the level of significance was assessed by Wald's test; Adjusted model for: status smoking currently only cancer-control sample

(never smokers, current smokers, former smokers), BMI (categories), socioeconomic status (low, average, high), overall physical activity (low, moderate, high), the occurrence of lung

cancer in relatives (yes, no, I do not know), occupational exposure in the workplace (yes, no); reference category in the PCA: never smoker in controls.
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Abstract: Lung cancer is the most common and deadly form of cancer worldwide, especially in
men. The 2018 World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR)
updated cancer prevention recommendations, and a standard scoring system (2018 WCRF/AICR
Score) was published. The purpose of this study was to develop the adapted version of the 2018
WCREF/AICR Score with respect to lung cancer prevention recommendation (Ad-LC WCRF/AICR
Score) and to examine the association between lung cancer risk in men and the Ad-LC WCRF/AICR
Score as well as its single components. A case—control study was conducted among 439 men aged
45-80 years (187 controls, 252 primary lung cancer cases). Lifestyle and dietary data were collected
with a questionnaire including the 62-item food frequency questionnaire (FFQ-6®). The Ad-LC
WCRE/AICR Score was used as a categorized and continuous variable. Odds ratios (ORs) and
95% confidence intervals (95% Cls) for lung cancer risk were calculated with the partly and fully
adjusted model. One component of the score was independently associated with a lower risk of lung
cancer in men, regardless of the set of confounders used. In the fully adjusted model following the
recommendation “Limit smoking” was associated with a lower risk of lung cancer—in the never
smokers by 87% (OR: 0.13; 95% CI: 0.04-0.37; p = 0.0002) and in the moderate smokers by 45% (OR:
0.55; 95% CI: 0.33-0.91; p = 0.0189) compared with the heavy smokers as a reference. By adding the
single components making up the Ad-LC WCRF/AICR Score, the combination of three components
or more, reducing the risk of lung cancer compared to lower compliance as a reference by 45% to
78% and by 39% to 66% for intermediate compliance (except two models out of seven) and higher
compliance, respectively. In the fully adjusted model, the risk of lung cancer for the total Ad-LC
WCREF/AICR Score was lower by 47% (OR: 0.53; 95% CI: 0.32-0.88; p = 0.0129) in higher compliance
with the score compared to those with the lower compliance. Each one-point increase in the Ad-LC
WCRE/AICR Score reduced lung cancer risk by 34% (OR: 0.66; 95% CI: 0.45-0.95; p = 0.0267). The
results support previous evidence that limiting smoking reduces the risk of lung cancer in men. It
also provides an insight into cancer research by showing that following the combined 2018 cancer
prevention recommendations related to diet, lifestyle and body fatness was associated with a lower

risk of lung cancer in men.

Keywords: lung cancer; prevention; compliance with recommendations; the 2018 WCRF/AICR
Score; food-based guidelines; dietary guidelines; case—control study

1. Introduction

Men usually have a shorter life expectancy compared to women and significantly
higher mortality with regard to chronic diseases such as cancers [1]. Lung cancer is the
world’s leading cause of cancer death, including in Poland [2,3]. This is largely because it is
initially asymptomatic and typically discovered at advanced stages [4]. Both modifiable
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and non-modifiable risk factors may increase the risk of lung cancer [5,6]. The link between
tobacco smoking and lung cancer is by far the strongest and longest-known risk association
of a modifiable lifestyle factor with a specific type of cancer [7,8]. Poor diet, occupational
exposures, and air pollution may act independently or jointly with tobacco smoking in
shaping the descriptive epidemiology of lung cancer [9].

Most of the available studies have focused on the analysis of the relationship between
single dietary components and the risk of lung cancer [9-16]. The influence of lifestyle
factors (in addition to smoking and occupational exposure in the workplace) [7,17] and the
combined impact of diet [18-26] on the risk of lung cancer is still limited. An approach
that combines lifestyle and dietary factors can be very useful in developing a primary lung
cancer prevention strategy.

Given that an estimated 40% of all cancer cases are preventable [27], the World Cancer
Research Fund (WCRF) and American Institute for Cancer Research (AICR) published a
report in 2018 entitled Diet, Nutrition, Physical Activity, and Cancer: A Global Perspective [28].
This report was the basis for the development of the Standardized Scoring System Cancer
Prevention Recommendations, which was developed in collaboration with scientists from
the US National Cancer Institute (NCI) with members of AICR and WCREF International,
and in consultation with the WCRF/AICR Panel Expert and other researchers [7,28]. The
proposed 2018 WCREF/ AICR Score focuses on eight key lifestyle components, including
body weight, physical activity, diet, breastfeeding (optional), and smoking, recommended
for some models [7,29]. The WCRF/AICR Continuous Update Project Expert Panel encour-
age researchers to implement this standardized score in their epidemiologic and clinical
studies to enhance the comparability of findings across populations and countries [7,28].

The 2018 WCRF/AICR Score is an a priori approach based on prior knowledge of the
health effects of dietary and lifestyle components. To date, there are publications regarding
lung cancer risk versus the Mediterranean diet index or healthy eating index [23,30-32]. To
the authors’ knowledge, no studies have so far been published assessing the relationship
between these updated recommendations and lung cancer risk. Furthermore, it is not clear
to what extent the total effect of lifestyle factors contributes to the incidence of lung cancer.

Therefore, it seems reasonable to hypothesize that the 2018 WCRF/AICR cancer
prevention recommendations may be considered for lung cancer prevention. The purpose
of this study was twofold: (i) to develop the adapted version of the 2018 WCREF/AICR Score
with respect to lung cancer prevention recommendation (Ad-LC WCRF/AICR Score), and
(ii) to examine the association between lung cancer risk in men and the Ad-LC WCRF/AICR
Score as well as its single components.

2. Materials and Methods
2.1. Ethical Statement

This study was approved by the Bioethics Committee of the Faculty of Medical
Sciences, University of Warmia and Mazury in Olsztyn on 2 October 2013 (resolution
no. 29/2013). All of the subjects gave their written informed consent to participate in
the study.

2.2. Study Design and Participants

The total case—control sample obtained 439 men (187 lung cancer cases, 252 controls).
The inclusion criteria were: (i) men, (ii) age >18 years, north-eastern Poland (urban and
rural areas) living, (iv) lung tomography or X-ray examination, and (v) consent to partic-
ipate in the study. The sample ranged in age from 45 to 80 years (mean 62.6), although
recruiting was among adult males with no age restrictions. The study participants were
enrolled in the study between October 2013 and August 2017. In order to avoid changes in
dietary habits or other behaviors, newly diagnosed cases of lung cancer (up to a maximum
of 14 days after cancer diagnosis) were included in the study. The sample collection and
study design have previously been described in detail [22,23].



Nutrients 2022, 14, 4295

30f18

2.3. Data Collection

All of the lifestyle questions referred to the period 12 months before diagnosis. Some
questions, such as about smoking status, referred to a period in the past and present. Since
the survey was conducted face-to-face by a trained interviewer, the interview was detailed,
and any uncertainties were immediately clarified. The baseline questionnaire gathered
data on the following background variables for both cases and controls: current sociode-
mographic, lifestyles (smoking status, alcohol consumption, physical activity, and occu-
pational exposure in the workplace), family history of lung cancer, and vitamin/mineral
supplement use.

2.3.1. Sociodemographic Data

Age, place of residence, education level, and economic status were collected in the
initial section of the questionnaire through an individual interview with each participant.
The respondents were asked about three factors describing their socioeconomic status (SES).
The SES index was calculated as the sum of the values (scores) assigned to the response
categories for each SES factor (Table 1). SES index values were logarithmized, and SES
tertiles were created to distinguish respondents with low, average, and high SES.

Table 1. Description of the socioeconomic status factors scoring—values assigned to the response

categories.

Socioeconomic Factors Categories Scoring

rural 1

Place of residence sub-urban 2

urban 3

primary 1

Education level secondary 2

higher 3

below average 1

Economic situation average 2

above average 3

2.3.2. Lifestyle Data

The respondents were asked to describe their physical activity at work and physical
activity in their leisure time by choosing one of three categories (Table 2). The self-declared
data were then combined, and three categories of overall physical activity were created:
low, moderate, and high (Table 3).

Table 2. Description of the categories of physical activity at work and in leisure time.

Physical Activity Categories Description
low more than 70% of working time spent sedentary or retired
at work moderate  50% of working time spent sedentary and 50% of working time spent in an active manner
high 70% of working time spent in an active manner or physical work related to great exertion
low sedentary for most of the time, watching TV, reading books, walking 1-2 h/week
at leisure time moderate walking, bike riding, gymnastics, gardening, light physical activity performed 2-3 h/week

high

bike riding, jogging, gardening, and sports activities involving physical exertion performed
more than 3 h weekly
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Table 3. Estimate the overall physical activity after combining data based on self-reported physical
activity at work and physical activity in leisure time.

Physical Activity at Work

Low Moderate High
Low low low moderate
Physical activity
. . . Moderate low moderate moderate
in leisure time
High moderate moderate high

To determine smoking status, data on current smoking status, duration, intensity
of smoking, and time since cessation were collected. The smoking status was expressed
in pack years. The subjects were classified into three groups: never smoker (0 pack
years), moderate smoker (2.5-11 pack years), or heavy smoker (>11 pack years). Smoking
categories were based on the median value, which was 11 pack years in this sample (at
enrollment). Details on calculation pack years were described previously [29] and are given
in Supplementary Material.

2.3.3. Body Composition Data

Trained researchers undertook the measurements of body weight (kg) and height (cm),
and body mass index (BMI, kg/m?) was calculated. Professional equipment and measuring
tape were used: for weight—electronic digital scale SECA 799, for measuring height—a
portable stadiometer SECA 220, for waist and hip circumference—stretch-resistant tape
SECA 201. The method of near-infrared interaction with the FUTREX 6100/XL was used to
measure the body fat content (%).

2.3.4. Dietary Data

The 62-item food frequency questionnaire (FFQ-6®) in an interviewer-administered
version was used [33] to collect data on the frequency of food consumption. The valida-
tion procedure of the 62-item FFQ-6® was described by Niedzwiedzka et al. [34]. The
respondents were asked about food frequency consumption (6 categories to choose from)
within the last 12 months prior to involvement in the study. The frequencies of con-
sumption were recalculated and expressed as times/day as follows: ‘never or almost
never’ = 0; ‘once a month or less” = 0.025; ‘several times a month’ = 0.1; “several times
a week’ = 0.571; ‘daily’ = 1; ‘several times a day’ = 2 times/day. The frequencies of the
consumption of some food items were aggregated, and the following food groups were
created: whole grains/vegetables/fruits/beans; fast food/other processed foods high
in fat/ starches/sugars; red/processed meats; sugar-sweetened drinks. The sum of the
average frequency of food consumption per group (times/day) was then calculated. For
these food groups, subjective cut-off points were selected based on tertile distribution
within each specific dataset (Table 4). For alcohol consumption, three categories of ethanol
consumption were created based on the number of drinks consumed per day: 0 ethanol per
day (0 drinks/day), >0-<28 g of ethanol per day (2 drinks/day), and >28 of ethanol per day
(2 drinks/day). All of the cut-offs were made based on the literature-derived components
of the proposed 2018 WCRF/AICR Score [7].
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Table 4. Scoring of the official 2018 WCREF/AICR Score and its adapted version with respect to lung cancer (Ad-LC WCRF/AICR Score).

2018 WCRF/AICR Operationalization Scoring of the 2018 Ad-LC WCRF/AICR Adapted Operationalization Scoring of the Ad-LC
. . WCRF/AICR Score . . WCRF/AICR Score
Recommendations of Recommendations . Recommendations of the Recommendations .
(Points) (Points)
BMI (kg/m?): Body fat content (%):
18.5-24.9 0.5 11.0-20.0 1
25-29.9 0.25 20.1-24.9 0.5
1. <18.5 or >30 0 1. <11.0 or >25.0 0
Be a healthy weight Waist circumference (cm (in)): Have a healthy body fat
Men: <94 (<37); Women: <80 (<31.5) 0.5
Men: 94-<102 (37-<40); Women: 0.25
80-<88 (31.5-<35) :
Men: >102 (>40); Women: >88 (>35) 0
Total mode.ra'te-v1g.0r0us physical Overall physical activity:
5 activity (min/wk): 5
. . >150 1 . . High 1
Be physically active 75 <150 05 Be physically active Moderate 05
<75 0 Low 0
Fruits and vegetables (g/day): Fruits and vegetables ! (times/day *):
>400 0.5 Tertile 3 (>1.435) 0.5
3 200-<400 0.25 3. Tertile 2 (>0.921 < 1.435) 0.25
Eat a diet rich ir'1 whole erains <200 0 Eat whole Tertile 1 (<0.921) 0
vegetables. fruit, and bgeans ’ Total fibre (g/day): grains/vegetables/fruits/beans ~ Whole grains and beans ? (times/day *)‘
8 ’ ’ >30 0.5 Tertile 3 (>1.050) 0.5
15-<30 0.25 Tertile 2 (>0.200 < 1.050) 0.25
<15 0 Tertile 1 (<0.200) 0
Percent of total keal from Fast. foo.ds and other processed f(;ods
4. ltra-processed foods: 4. high in fat, starches and sugars
Limit consumption of “fast u p : Limit consumption of fast (times/day #);
foods” and other processed foods Tertile 1 1 foods/other processed foods Tertile 1 (<2.421) 1
high in fat, starches, or sugars Tertile 2 0.5 high in fat/starches/sugars Tertile 2(>2.421 < 4.038) 0.5
Tertile 3 0 Tertile 3 (> 4.038) 0
Total red meat (g/wk) and processed Red meat and processed meats
5 meat (g/wk): 5 (times/day #):
: Red meat <500 and processed meat . .
Limit consumption of red and <21 P 1 Limit consumption of Tertile 1 (<1.392) 1
rocessed meat red/processed meats
P Red meat <500 and processed meat 05 P Tertile 2 (>1.392 < 2.359) 05
21-<100
Red meat >500 or processed meat 0 Tertile 3 (>2.359) 0

>100
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Table 4. Cont.
2018 WCRF/AICR Operationalization \S/\;g;;;;g:[fct[}{\esigiz Ad-LC WCRF/AICR Adapted Operationalization S‘CA(;EIII;% /?&flt(l;li IS\cdo-rI;C
Recommendations of Recommendations (Points) Recommendations of the Recommendations (Points)
6. Total sugar;;‘/r\éz(;t)e:ned drinks 6. Sugar-sweetened drinks ® (times/day *):
Limit consumption of 0 1 Limit consumption of Tertile 1 (<0.000) 1
sugar-sweetened drinks >0-<250 0.5 sugar-sweetened drinks Tertile 2 (>0.000 < 0.025) 0.5
>250 0 Tertile 3 (>0.025) 0
Total ethanol (g/day): Ethanol (g/day):
; 0 1 ; 0 (0 drinks/day) 1
: >0-<28 (2 drinks) males and <14 (1 : .
Limit alcohol consumption drink) females 0.5 Limit alcohol consumption >0-<28 (2 drinks/day) males 0.5
>28 (2 drinks) males and >14 (1 drink) 0 528 (>2 drinks/day) males 0
females y
Exclusively breastfed over a
8. lifetime for a total of: 8.
(Optional) For mothers: 6+ months 1 (Optional) For mothers: NA NA
breastfeed your baby, if you can >0-<6 months 0.5 breastfeed your baby, if you can
Never 0
Smoking pack years:
9. NI NI 9. Never (0 pack years) 1
Limit smoking Limit smoking Moderate smoker (>0-11 pack years) 05
Heavy smoker (>11 pack years) 0
Total Score Range 0-8 Total Score Range 0-8

Food components included into food groups to calculate Ad-LC WCRF/AICR Score: ! All kinds of fruits and all kinds of vegetables (potatoes not included); 2 Wholemeal wheat or
rye bread, seeded loaves, pumpernickel, wholemeal cracker bread, buckwheat groats, barley, brown rice, wholemeal pasta, etc., and beans;; 3 Fast food, fried food, margarine for
baking, frying, spreading; mayonnaise and salad dressings; white bread, white bread rolls, semolina, milled barley, white rice and pasta, rice flakes, etc.; chocolate, chocolate sweets and
chocolate bars, boiled sweets, hard caramels, jellied sweets, fudge, biscuits, cream cakes, fruit cakes, sponge cakes, cheesecakes, doughnuts, poppy-seed cakes, muffins, croissants,
ice-creams and custard, etc.; * Pork, beef, veal, wild boar, venison, quail, mallard, hare, etc.; 5 Sweetened beverages and energy drinks; # The consumption frequency of food groups
(categories) was expressed as times/day (values) as follows: ‘never or almost never’ = 0; ‘once a month or less” = 0.025; ‘several times a month’ = 0.1; ‘several times a week’ = 0.571;
‘daily’ = 1; ‘several times a day’ = 2 times/day; NI—Not included in the official 2018 WCRF/AICR Recommendations; NA—Not Applicable to men.
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2.4. Development of the Ad-LC WCRF/AICR Score

The 2018 WCREF/AICR Score described by Shams-White et al. [7] was modified for
this analysis, called the Adapted lung cancer WCRF/AICR Score (Ad-LC WCRF/AICR
Score). Of the eight recommendations (single components of the score), the current study
included seven components with the modification of one component and the addition of
one important lung cancer risk factor: (1) normal body weight modified to normal body fat
mass, (2) physical activity, (3) eating whole grains/vegetables/fruits/grains, (4) limiting the
consumption of fast food/other processed foods high in fat/starches/sugars, (5) limiting
red/processed meat consumption, (6) limiting sugar-sweetened beverage consumption,
(7) limiting alcohol consumption, and (8) limiting smoking. The breastfeeding component
is not relevant to the current study and was not used in the dietary-lifestyle assessment.
The indirect measurement of body fat (BMI) was replaced with the direct measurement of
body fat using near-infrared interaction (see Section 2.3.3).

When calculating the Ad-LC WCRF/AICR Score, the scoring weights were equally
divided among these components. Each recommendation was assigned a score as follows:
1 point for meeting, 0.5 points for partially meeting, and 0 points for not meeting each
recommendation. The total scores ranged from 0 to 8 points, with higher scores indicating
greater compliance with the Ad-LC WCREF/AICR Score recommendations for lung cancer
prevention (Table 4). The single components and their combinations and the total Ad-LC
WCREF/AICR score are also presented. The scores were further categorized according to
predefined cut-off points [35]: lower compliance: <3 points; intermediate compliance:
>3—-<5 points; and higher compliance: >5 points.

2.5. Statistical Analysis

The adequacy of the sample size related to the current study was checked. The post
hoc statistical power was calculated, taking into consideration variables being components
of the Ad-LC WCREF/AICR Score. For example, the data were used to compare two groups
with means of body fat content (28.0 SD 8.0% vs. 23.0 SD 6.4%), means of frequency of
fruit and vegetable consumption (1.1 SD 0.6 times/day vs. 1.7 SD 1.0 times/day), means
of frequency of red/processed meat consumption (2.4 SD 1.2 times/day vs. 1.3 SD 1.0
times/day), the occurrence of low physical activity (65.1% vs. 50.4%) and the occurrence
of ethanol consumption >28 g/day (28.8% vs. 12.8%). Assuming a 5% significance level,
the statistical power was 98%, 95%, 100%, 82% and 54%, respectively. It was therefore
concluded that the sample size was appropriate.

The characteristics of the participants were examined using means and standard
deviations (SD) for continuous variables and percentages for categorical variables by
categories of the Ad-LC WCRF/AICR Score. A chi-squared test was used to evaluate the
level of significance of the differences observed in categorical variables and the Kruskal—-
Wallis test for continuous variables.

The odds ratios (ORs) were used to assess the association between the Ad-LC WCRE/
AICR Score as well as its single components and the risk of lung cancer development. The
references (OR = 1.00) were the control sample and the bottom categories (lower compliance
with the cancer prevention recommendations). The significance level of OR was verified
with Wald’s test [36]. The total Ad-LC WCRE/AICR Score was analysed as a categorical
variable (for lower, intermediate, and higher compliance) and as a continuous variable (per
one point of an increase). Two adjusted models were created for the association between
single components, the Ad-LC WCREF/AICR Score and the risk of lung cancer. Model
1 (partly adjusted) included the following as the set of confounders: age (years), BMI
(categories: <18.5; 18.5-24.9; 25-29.9; >30 kg/ mz), socioeconomic status (low, average,
high), the occurrence of lung cancer in a relative (yes, no, I do not know), occupational
exposure in the workplace (yes, no), vitamin/mineral supplement use (no, yes). Model 2
(fully adjusted) included the same confounders as model 1 and single components of the
Ad-LC WCREF/AICR Score, excluding the modelled variables as appropriate.
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For all tests, the level of statistical significance was considered as p < 0.05. Statistical
analyses were performed using STATISTICA statistical software (version 13.0 PL; StatSoft
Inc., Tulsa, USA,; StatSoft, Krakow, Poland).

3. Results

The majority of men (254 subjects; 57.9%) had intermediate compliance with the Ad-
LC WCREF/AICR Score, while only 39 men (8.9%) had higher compliance. Men with higher
compliance with the Ad-LC WCRF/AICR Score compared to men with intermediate or
lower compliance were younger, more often lived in urban areas, smoked less, had lower
average BMI, waist circumference, and body fat content, as well as a lower frequency of
consumption of red/processed meats, sugar-sweetened drinks, fast foods/other processed
foods high in fat/starches/sugars and lower ethanol consumption while higher physi-
cal activity and frequency of consumption of fruits/vegetables and whole grains/beans
(Tables 5 and 6). In the Supplementary Material frequency of food group consumption by
categories of compliance with fruit/vegetable consumption, whole grain/beans consump-
tion, and red/processed meats consumption was shown (Tables S1-S3).

Table 5. Baseline characteristics of the cancer-control sample by categories of compliance with the
Ad-LC WCREF/AICR Score (%).

Compliance with the Ad-LC WCRF/AICR Score

. Total
Variable (0-8 (I)’(?ints) Lower Intermediate Higher Value
(<3 Points) (>3-<5 Points) (>5 Points) P
Sample size 439 146 254 39
Sample percentage 100 33.2 57.9 8.9
Age (years), mean (SD) 62.6 (7.2) 62.8 (7.3) 62.9 (7.0) 60.3 (8.1) <0.0001
Place of residence
rural 34.6 43.8 30.7 25.6
sub-urban 46.0 411 492 436 0.0258
urban 19.4 15.1 20.1 30.8
Education level
primary 23.7 30.8 20.5 18.0 01018
secondary 58.8 54.1 61.8 56.4 ’
higher 17.5 15.1 17.7 25.6
Economic situation
below average 20.7 23.3 20.5 12.8
average 63.3 65.1 61.8 66.7 0.3331
above average 16.0 11.6 17.7 20.5
Socioeconomic status (SES index) @
low 53.5 60.3 51.6 41.0
average 19.8 164 220 18.0 0-1008
high 26.7 23.3 26.4 41.0
Family history of lung cancer among
relatives
yes 20.7 21.2 18.5 33.3 0.0925
no 73.8 713.3 77.6 59.0
I do not know 5.5 7.5 3.9 7.7
Occupational exposure in the
workplace
yes 312 295 323 30.8 0.8394
no 68.8 70.5 67.7 69.2
Vitamin/mineral supplements use
yes 10.7 8.2 114 154 0.3731
no 89.3 91.8 88.6 84.6
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Table 5. Cont.

Compliance with the Ad-LC WCRF/AICR Score

. Total
Variable (0-8 (l)’toaints) Lower Intermediate Higher Value
(<3 Points) (>3—-<5 Points) (>5 Points) p
BMI (kg/ m?), mean (SD) 27.7(7.2) 28.5 (5.2) 27.4 (4.8) 26.0 (3.4) <0.0001
<185 2.3 14 3.1 0.0
18.5-24.9 28.5 27.4 27.2 41.0
25.0-29.9 36.4 30.1 38.9 136 0.0272
>30.0 32.8 41.1 30.7 154
Waist circumference (cm), mean (SD) 100.6 (12.8) 102.8 (7.6) 100.3 (12.6) 94.1 (10.1) <0.0001
<94 29.6 239 29.9 48.7
94-<102 20.5 28.9 20.5 30.8 0.0014
>102 499 38.8 49.6 20.5
SD—standard deviation; * SES index was calculated based on place of residence, educational level and declared
economic situation (details are given in Section 2.3.1); BMI—Body Mass Index; p-Value—level of significance
verified with a chi? test (categorical variables) or a Kruskal-Wallis” test (continuous variable).
Table 6. Components of the Ad-LC WCREF/AICR Score by categories of compliance with this score in
the cancer-control sample: means (SDs) and sample distribution (%).
: Compliance with the Ad-LC WCRF/AICR Score
. Tota - -
Variable (0-8 Points) LowFr Intermed.late ngl}er p-Value
(<3 Points) (3—<5 Points) (>5 Points)
Sample size 439 146 254 39
Body fat content (%) 26.6 (7.9) 28.0 (8.0) 26.3 (7.8) 23.0 (6.4) <0.0001
11.0-20.0 184 10.3 19.7 41.0
20.1-24.9 60.4 719 59.1 25.6 <0.0001
<11.0 or >25.0 21.2 17.8 21.3 334
Overall physical activity
low 51.7 65.1 50.4 10.3
moderate 37.6 32.2 37.8 56.4 <0.0001
high 10.7 27 11.8 333
Smoking in pack years 12.4(7.4) 14.5 (7.3) 12.0 (7.0) 7.3(6.7) <0.0001
0 (never smoker) 12.5 8.2 114 35.9
>0-11 (moderate smoker) 57.4 49.3 62.2 56.4 <0.0001
>11 (heavy smoker) 30.1 425 26.4 7.7
Fruits and vegetables (times/day) 1.3(0.7) 1.1 (0.6) 1.3(0.7) 1.7 (1.0) <0.0001
Tertile 1 34.4 42.5 32.3 17.9
Tertile 2 32.6 34.2 315 333 0.0065
Tertile 3 33.0 23.3 36.2 48.7
Whole grains and beans (times/day) 0.8 (0.8) 0.5 (0.7) 0.9 (0.8) 1.2(0.9) 0.1070
Tertile 1 35.8 54.1 28.7 12.8
Tertile 2 31.0 28.8 32.3 30.8 <0.0001
Tertile 3 333 17.1 39.0 56.4
Fast foods/other processed foods
high in fat/starches/sugars 3.3(1.7) 44 (1.6) 3.3(1.5) 1.7 (1.0) <0.0001
(times/day)
Tertile 1 33.6 11.6 37.8 76.9
Tertile 2 33.5 23.3 40.9 23.1 <0.0001
Tertile 3 33.9 65.1 21.3 0
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Table 6. Cont.

Compliance with the Ad-LC WCRF/AICR Score

. Total
Variable (0-8 Points) Lower Intermediate Higher Value
(<3 Points) (3—-<5 Points) (>5 Points) P
Red/processed meats (times/day) 2.0(1.2) 24 (1.2) 1.8 (1.1) 1.3 (1.0) <0.0001
Tertile 1 34.6 16.4 39.8 69.2
Tertile 2 32.6 33.6 339 20.5 <0.0001
Tertile 3 32.8 50.0 26.4 10.3
Sugar-sweetened drinks (times/day) 0.1(0.3) 0.2 (0.4) 0.1(0.2) 0.1(0.2) <0.0001
Tertile 1 50.8 247 61.8 76.9
Tertile 2 20.0 25.3 18.9 7.7 <0.0001
Tertile 3 29.2 50.0 19.3 154
Ethanol (g/day)
0 23.0 15.7 23.6 46.2
>0-<28 59.5 55.5 64.6 41.0 <0.0001
>28 17.5 28.8 11.8 12.8

SD—standard deviation; Frequencies expressed as times/day are presented after recoding dietary data as follows:

‘never or almost never’ = 0; “‘once a month or less” = 0.025; ‘several times a month” = 0.1; ‘several times a week’ =

0.571; “daily’ = 1; ‘several times a day’ = 2 times/day; p-Value—level of statistical significance verified with a chi?
test (categorical variables) or a Kruskal-Wallis’ test (continuous variables).

The odds ratios for the single components of the Ad-LC WCREF/AICR Score are shown
in Table 7. One component of the score was independently associated with a lower risk of
lung cancer in men, regardless of the set of confounders used. In the fully adjusted model
(model 2), following the recommendation “Limit smoking” was associated with a lower
risk of lung cancer—in the never smokers (scored with 1 point) by 87% (OR: 0.13; 95% CI:
0.04-0.37; p = 0.0002) and in the moderate smokers (scored with 0.5 points) by 45% (OR:
0.55; 95% CI: 0.33-0.91; p = 0.0189) compared with the heavy smokers as a reference (scored
with 0 points).

In the partly adjusted model (model 1), two single recommendations achieved statis-
tical significance (positive or negative). In model 1, following the recommendation “Eat
whole grains/vegetables/fruits/beans” was associated with a lower risk of lung cancer in
frequent consumers of these foods (scored with 1 point) by 31% (OR: 0.69; 95% CI: 0.53-0.90;
p = 0.0057) compared to infrequent consumers as a reference (scored with 0 points). In
model 1, following the recommendation “Limit red /processed meat intake” was associated
with a higher risk of lung cancer—in moderate frequent consumers (scored with 0.5 points)
by more than two-fold (OR: 2.04; 95% CI: 1.16-3.58; p = 0.0129 and in infrequent consumers
(scored with 1 point) by 1.4-fold (OR: 1.40; 95% CI: 1.07-1.97; p = 0.0152) in comparison to
frequent consumers (scored with 0 points). In the fully adjusted model (model 2) for both
recommendations (“Eat whole grains/vegetables/fruits/beans” and “Limit red / processed
meat intake”), the statistical significance disappeared after including single components of
the Ad-LC WCREF/AICR Score in the set of confounders.

By adding the single components that make up the Ad-LC WCRF/AICR Score, the
combination of three components and more, for both intermediate compliance (except
model 6 and full model) and higher compliance (no exception), reduced the risk of lung
cancer compared to lower compliance as a reference. In the intermediate compliance group,
the risk of lung cancer was lower by 45% to 78% (Model 2 OR: 0.55; 95% CI: 0.21-1.00; p =
0.0497; Model 3 OR: 0.22; 95% CI: 0.12-0.39; p < 0.0001; Model 4 OR: 0.54; 95% CI: 0.32-0.96;
p = 0.0335; Model 5 OR: 0.49; 95% CI: 0.29-0.82; p = 0.0075). In the higher compliance group,
the risk of lung cancer was lower by 39% to 66% (Model 2 OR: 0.53; 95% CI: 0.36-0.78; p =
0.0013; Model 3 OR: 0.57; 95% CI: 0.32-0.99; p < 0.0441; Model 4 OR: 0.40 95% CI: 0.27-0.59;
p < 0.0001; Model 5 OR: 0.34; 95% CI: 0.17-0.69; p = 0.0026; Model 6 OR: 0.61; 95% CI:
0.43-0.85; p = 0.0041) (Table 8). In the full model (7), the risk of lung cancer for the total
Ad-LC WCRE/AICR Score was lower by 47% (OR: 0.53; 95% CI: 0.32-0.88; p = 0.0129) in
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higher compliance with the score compared to those with lower compliance as a reference.
Each one-point increase in the Ad-LC WCREF/AICR Score reduced lung cancer risk by 34%
(OR: 0.66; 95% CI: 0.45-0.95; p = 0.0267) (Table 8).

Table 7. Odds ratios (95% confidence intervals) of lung cancer occurrence for single components of

Ad-LC WCRF/AICR Score.

Component Included

Cancer-Control Sample (1 = 439)

. Categories S
in the Model & cores Model 1 p-Value Model 2 p-Value
11.0-20.0% of body fat 0 Ref. Ref.
‘Have a healthy body 20.1-24.9% of body fat 0.5 © 3%619 31) 0.2581 © 32'.711 41 0.3263
fat/ .00, 1. .00, 1.
<11.0 or >25.0% of body fat 1 © 5(;816 28) 0.4609 © 5(;813 25) 0.3705
Low 0 Ref. Ref.
0.70 0.88
‘Be physically active’ Moderate 0.5 (0.44; 1.13) 0.1432 (0.53; 1.47) 0.6237
. 0.73 0.82
High ! 049;1.08) OO (054109 O3
Heavy smoker 0 Ref. Ref.
0.53 0.55
“Limit smoking’ Moderate smoker 0.5 (0.33; 0.87) 0.0116 (0.33; 091) 0.0189
0.14 0.13
Never smoker 1 (0.05; 0.39) 0.0001 (0.04; 0.37) 0.0002
Infrequent consumption 0 Ref. Ref.
‘Eat whole grains/ Moderate frequency consumption 0.5 076 0.3547 0-90 0.7301
vegetables/fruits/beans’ (0.43;619.35 ) (0'58;717'63)
Frequent consumption 1 © 53'. 0.90) 0.0057 © 58" 1.03) 0.0810
“Limit consumption of Frequent consumption 0 lf%f7 lf?)fg
fast foods/other Moderate frequency consumption 0.5 : 0.8014 ' 0.8150
.processed foods high , (0’68’;910'81) (0'68?913'91)
in fat/starches/sugars Infrequent consumption 1 069119 04830 g1y 06389
Frequent consumption 0 Ref. Ref.
s . 2.04 1.78
Limit consumption of Moderate frequency consumption 0.5 0.0013 0.0575
red/processed meats’ (1'116"4%'58) (0'95;13;3'23)
Infrequent consumption 1 (1.07;1.97) 0.0152 (0.87;1.62) 0.2830
Frequent consumption 0 Ref. Ref.
‘Limit consumption of . 0.80 0.56
sugar-sweetened Moderate frequency consumption 0.5 (0.41; 1.57) 0.0512 (1.25; 0.57) 0.5659
drinks’ . 1.10 0.99
Infrequent consumption 1 (0.85; 1.43) 0.4503 (0.78: 1.26) 0.9514
Frequent consumption 0 Ref. Ref.
‘Limit alcohol Moderate frequency consumption 0.5 092 0.8013 0-89 0.8874
consumption’ q y P (0.50; 1.70) (0.45; 1.74)
. 1.13 0.99
Infrequent consumption 1 (0.76; 1.67) 0.5440 (0.63; 1.53) 0.9477

Model 1 was adjusted for: age (years), BMI (categories: <18.5; 18.5-24.9; 25-29.9; >30 kg/ m2), socioeconomic
status (low, average, high), the occurrence of lung cancer among a relative (yes, no, I do not know), occupational
exposure in the workplace (yes, no); vitamin/mineral supplement use (yes, no); Model 2 = Model 1 + an
adjustment for single components of the Ad-LC WCREF/AICR Score excluding modelled variable as appropriate;

p-Value—the level of statistical significance verified with Wald’s test.
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Table 8. Odds ratios (95% confidence intervals) of lung cancer occurrence for the combination of
components of Ad-LC WCRF/AICR Score.

Cancer-Control Sample (1 = 439)

Components Included in the Model Scores
Adjusted Model p-Value
<0.5 Ref.
Model 1: "Have a healthy body fat” + ‘Be physically active’ >0.5-<1 1.04 (0.57; 1.88) 0.9036
>1 0.69 (0.47; 1.02) 0.0634
<1 Ref.
Model 2: Model 1 + ‘Limit smoking’ >1-<2 0.55 (0.21; 1.00) 0.0497
>2 0.53 (0.36; 0.78) 0.0013

<2 Ref.
Model 3: Model 2 + ‘Eat whole grains/vegetables/fruits/beans’ >2-<3 0.22 (0.12; 0.39) <0.0001
>3 0.57 (0.32; 0.99) 0.0441

Model 4: Model 3 + ‘Limit fast food / other processed foods high =3 Ref.
in fat/starches /sugars’ >2-<3 0.54 (0.32; 0.96) 0.0335
& >3 0.40 (0.27; 0.59) <0.0001

Model 5: Model 4 + ‘Limi ion of red d <3 Ref
odel 5: Model 4 + ‘Limit const,lmptlon of red /processe ~3-<4 0.49 (0.29; 0.82) 0.0075
meats >4 0.34 (0.17; 0.69) 0.0026

Model 6: Model 5 + ‘Limi ion of d =3 Ref
odel 6: Model 5 + ‘Limit SO-IISEI'nphon of sugar-sweetene >3-<4 0.93 (0.57; 1.53) 0.0708
rinKs >4 0.61 (0.43; 0.85) 0.0041

<3 Ref.
Model 7 (full): Model 6 + ‘Limit alcohol consumption’ >3-<5 0.87 (0.54; 1.38) 0.5873
>5 0.53 (0.32; 0.88) 0.0129
1-point increase 0.66 (0.45; 0.95) 0.0267

Model adjusted for: age (years), BMI (categories: <18.5; 18.5-24.9; 25-29.9; >30 kg/ m?), socioeconomic status (low,
average, high), the occurrence of lung cancer among a relative (yes, no, I do not know), occupational exposure in
the workplace (yes, no); vitamin/mineral supplement use (yes, no); p-Value—the level of statistical significance
verified with Wald’s test.

4. Discussion

In 2018, the World Cancer Research Fund / American Institute for Cancer Research
published the Third Expert Report (Diet, Nutrition, Physical Activity, and Cancer: A
Global Perspective) [5]. A year later, a standardized scoring system for the association
between adherence to these recommendations and cancer prevention was developed and
published [7]. The current findings support these recommendations and highlight the
possible importance of the interaction of diet-related components and lifestyle factors
with lung cancer risk. Regarding the Ad-LC WCRE/AICR Score, in the current study,
higher adherence to the score reduced lung cancer risk. This association was found in both
approaches—for categories and per one-point increase in the score.

To the best of the authors” knowledge, this is the first case—control study describing the
association between the 2018 WCRF/AICR cancer prevention recommendations and lung
cancer risk. The strongest and longest-known modifiable lifestyle risk factor for lung cancer
is smoking [7,8,37,38], which was also observed in this study. A protective association was
also found between more frequent consumption of whole grains/vegetables/fruits/beans
and lung cancer risk in a partially adjusted model. However, this protective association
disappeared in the fully adjusted model when other dietary- and lifestyle-related compo-
nents were included as confounders, including potentially negative components such as
red/processed meat [39,40]. Other studies [41,42] have found that the consumption of fruits
and vegetables, which are rich in antioxidant vitamins, phenolic compounds, minerals, and
fibre, has beneficial effects on respiratory health.

Referring to the single components of the Ad-LC WCRF/AICR Score, one finding must
be discussed. In a partially adjusted model, an increased risk of lung cancer in those who
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followed the “Limit red /processed meat consumption” recommendation was stated. How-
ever, this surprising result has an explanation. As shown in the Supplementary Material
(Table S3), the lower frequency of red /processed meat consumption (i.e., higher compli-
ance with the recommendations) was accompanied by a significantly lower frequency of
consumption of vegetables and fruits. In particular, in the higher compliance with the
red/processed meats consumption group, these foods were consumed nearly once a day
(on average 0.9 times/day), while vegetables and fruits were consumed slightly above once
a day (on average 1.1 times/day). Thus, despite a lower frequency of red /processed meat
consumption, a protective effect of vegetables and fruits did not exist [41,42]. Previous
studies [4,5,9,32,43-45] have shown that the consumption of red and processed meat can
increase the risk of lung cancer. In contrast, the European Prospective Investigation into
Cancer and Nutrition (EPIC) study [14] found no association between meat or processed
meat consumption and lung cancer risk.

Due to the complexity of the diet, the approaches assessing associations with cancer
that focus on single dietary habits, foods, or nutrients may not be appropriate because it
displays only a part of the association [46,47]. An alternative approach is to focus on the
overall dietary patterns that express many different aspects of diet [48] and lifestyle [7,49]
combined. Such a holistic approach in the cancer prevention recommendations was used by
the WCRF/AICR experts [7,28]. An important point of the WCRF/AICR recommendations
was that each recommendation was intended to be one part of a comprehensive package of
modifiable lifestyle behaviours that together promote a healthy pattern of diet and physical
activity conducive to cancer prevention. Thus, a package of lifestyle behaviours should
be considered more important in interpretation and conclusion than single ones. Such
holistic conclusions were drawn from studies carried out previously [18-26,29-31,49]. For
example, a study on cardiometabolic health in Polish men showed that a healthy diet
combined with an active lifestyle (healthy diet, activity at work, former smoking pattern)
was associated with a reduced risk of obesity and metabolic abnormalities despite some
unhealthy components, such as the frequent consumption of fried foods [49]. The authors’
previous findings in a cancer-control cohort of men (the same as the current cohort) have
shown that health-promoting dietary patterns (Prudent pattern and Mediterranean pattern)
may promote a lower risk of lung cancer, even in moderate smokers (smoking 2.5-10
pack years) [29]. The current study casts new light on the association between dietary-
lifestyle factors and lung cancer. It showed that a combination of some single dietary-
lifestyle factors was associated with reduced lung cancer risk (by approx. a half lower)
despite some unhealthy components, for example, higher frequency of red/processed
meats consumption, i.e., the beneficial aspects of overall diet and lifestyle prevailed. As
in real life, nobody follows all recommendations, and this is good news for lung cancer
prevention. A message directed to people can be: “follow as many recommendations as
possible”(but it is not necessary to follow all recommendations).

Adherence to a health-promoting lifestyle, including dietary habits, is more common
in women than in men [50]. This thesis is supported by the current study, in which only
39 men out of 439 subjects were in the higher adherence score range. Indeed, men seem to
have some resistance to following a healthy diet [51]. The current study found that lung
cancer risk was lower for total Ad-LC WCRF/AICR Score and demonstrated a protective
association between each one-point increase in Ad-LC WCREF/AICR Score and lung cancer
risk. To date, the association between adherence to the 2018 WCRF/ AICR recommendations
and lung cancer incidence has not been assessed, but it has already been examined for the
2007 WCREF/AICR recommendations. A 2007 report: Food, nutrition, physical activity, and
the prevention of cancer: a global perspective, presented eight general and two specific
recommendations for cancer prevention [52]. Since then, several studies have evaluated the
association between adherence to these recommendations and lung cancer risk. In several
studies, adherence to the 2007 recommendations for diet, physical activity, and weight
control was associated with reduced lung cancer risk [53-55]. However, a standardized
scoring method to determine adherence to the 2007 WCRF/AICR recommendations had
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not been previously developed, so each study developed its own version of the scoring.
To increase the comparability of results across populations and countries, a standardized
scoring system for WCRF/AICR cancer prevention recommendations was developed in
2018. The current study is the first (and so far, the only) study to evaluate the association
between adherence to the 2018 WCRF/AICR recommendations and lung cancer risk in
men. To date, there have been few studies evaluating the association between updated
recommendations and the risk of other cancers. Studies on total cancer incidence in
Sweden [56] and cancers of the colon in Spain [57] and the USA [58], breast in Spain [59]
and the USA [60], and prostate in Spain [61], similarly to the current study, found a positive
association with adherence to the 2018 WCRF/AICR recommendations. In contrast, one
arm of the EPIC project focused on breast cancer in Europe [35], and a clinical-control
study focused on chronic lymphocytic leukaemia in Spain [62] found no association with
adherence to the 2018 WCRF/AICR recommendations.

Strengths and Limitations

The current study may have some potential limitations that should be noted. This is a
case—control design, and the results may be subject to information bias. Lifestyle data, such
as dietary and physical activity, were collected through a questionnaire, and the results may
also be susceptible to recall bias [62]. Moreover, the use of a food frequency questionnaire
is limited by the use of a fixed food list. Furthermore, different interpretations of questions
regarding food items and the frequency of consumption by individuals can also be taken
into consideration [63,64]. To overcome these limitations, trained interviewers helped
participants to answer more accurately while completing the questionnaire. Although
the method is not free from measurement error, previous studies using repeated and
mixed-method dietary assessment confirmed the utility of food frequency questionnaires
in exploring associations between diet and chronic disease risk [64,65]. The use of a simple
scoring index (Ad-LC WCRE/AICR Score) should also be considered a potential limitation
of the study. The score was based on the sum of several risk factors in the authors” own
adaptation or whose association with lung cancer risk is not proven. Such an approach
may have weakened the association of scores in the study. Smoking was included as a
proven risk factor for lung cancer in the scoring to strengthen the interpretation of the score.
Moreover, the indirect measure of body fat (BMI) was replaced with a direct measure of
body fat using near-infrared interaction. BMI does not fully account for body composition,
such as differences in muscle proportion and different types of fatness in patients with the
same BMIs, especially in chronically ill patients [66]. Men who are diagnosed with lung
cancer may already exhibit preclinical weight loss.

The current study also has several strengths. It is the first study of its kind in Central
Europe to describe the relationship between WCRF/AICR recommendations and lung
cancer risk in men. Cases and controls were selected according to the inclusion criteria
for the study population described previously [29]; cases were recruited at diagnosis and
before treatment. We used the validated FFQ-6® food frequency questionnaire. This type of
questionnaire does not provide information on estimated portion size but represents typical
eating habits of Poles [22-24,67-69]. In Poland, there has only been one validated semi-
quantitative and comprehensive FFQ (165-item FFQ®) [70], but it causes a heavy burden
on the respondent (an interview takes 3—4 h). Conducting the 165-item FFQ® among men
with lung cancer would have been too difficult. The available data on potential cancer
risk factors allowed the survey results to be adjusted for confounders, but unmeasured or
residual confounders cannot be ignored.

5. Conclusions

The current study provides insight into cancer research by showing that following
the combined 2018 cancer prevention recommendations related to diet, lifestyle, and body
fatness was associated with a lower risk of lung cancer in men. It also provides new support
for previous evidence that limiting smoking reduces the risk of lung cancer in men. The
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study found that a combination of some single dietary-lifestyle factors was associated with
reduced lung cancer risk despite some unhealthy components. Based on these findings in
developing pro-healthy strategies, the message directed to the public can be: “follow as
many recommendations as possible to prevent lung cancer”.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/nu14204295/s1, Table S1. Frequency of food group consumption
(times/day; mean (SD)) by categories of compliance with fruit/vegetable consumption” in the case-
control sample; Table S2. Frequency of food group consumption (times/day; mean (SD)) by categories
of compliance with whole grain/bean consumption® in the case-control sample; Table S3. Frequency
of food group consumption (times/day; mean (SD)) by categories of compliance with red /processed
meat consumption# in the case-control sample [71].
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Supplementary material

Pack-years of smoking calculation

Data regarding smoking status was collected for all subjects, including current smoking status,
duration, the intensity of smoking, and time since cessation. The pack-years of smoking were calculated
by multiplying the average number of packs of cigarettes smoked per day (intensity) by the number of
years the person had smoked [71]. Smoking status pack-years were classified into three groups: never
smoker (0 pack-years), moderate smoker (2.5-11 pack-years) or heavy smoker (> 11 pack-years). These
categories were based on the median value, which, in this sample, was equal to 11 pack-years (at
enrolment).

Example of calculation:

A man reported smoking 30 cigarettes a day for ten years.

The calculated number of pack-years is: 10 x 30/20 = 15 pack-years
10—years of smoking

30—number of cigarettes per day

20—number of cigarettes in one pack

Table S1. Frequency of food group consumption (times/day; mean (SD)) by categories of compliance
with fruit/vegetable consumption * in the case-control sample

Compliance with fruit/vegetable consumption

Variable Total
(0-8 points) Lower Intermediate Higher
. . - p-Value
(0 points)  (0.25 points) (0.5 point)
Sample size 439 151 143 145
Fruits and vegetables 1.3 (0.7) 0.6 (0.2) 1.2 (0.2) 2.0 (0.6) <0.0001
Other dietary components of the Ad-LC
WCRF/AICR Score
Whole grains and beans 0.8 (0.8) 0.5 (0.6) 0.7 (0.6) 1.2 (1.0) <0.0001
Fast foods/other processed foods high in 3.3 (1.7) 3.1 (1.6) 3.5 (1.8) 3.5(1.8) 0.0866
fat/starches/sugars
Red/processed meats 2.0(1.2) 1.6 (1.0) 2.4 (1.3) 2.0 (1.3) <0.0001
Sugar-sweetened drinks 0.1 (0.3) 0.1 (0.2) 0.1 (0.3) 0.1 (0.3) 0.9530

SD —standard deviation; * To determine compliance with the Ad-LC WCRF/AICR Score, the frequency of
fruit/vegetable consumption (times/day) was divided according to tertile distribution: tertile 1 (<0.921), tertile
2 (>0.921 <1.435), tertile 3 (>1.435).

Table S2. Frequency of food group consumption (times/day; mean (SD)) by categories of compliance
with whole grain/bean consumption * in the case-control sample



Compliance with whole grain/bean consumption

Variable Total
(0-8 points) Lower Intermediate Higher
. . . p-Value
(0 points)  (0.25 points) (0.5 point)
Sample size 439 157 139 143
Whole grains and beans 0.8 (0.8) 0.1 (0.1) 0.6 (0.2) 1.7 (0.7) <0.0001
Other dietary components of the Ad-LC
WCRF/AICR Score
Fruits and vegetables 1.3 (0.7) 0.9 (0.5) 1.3 (0.6) 1.6 (0.8) <0.0001
Fast foods/other processed foods high in 3.3 (1.7) 3.8 (1.6) 3.4 (1.8) 2.7 (1.6) <0.0001
fat/starches/sugars
Red/processed meats 2.0(1.2) 1.9 (1.0) 1.9(1.1) 2.1 (1.0 0.6680
Sugar-sweetened drinks 0.1 (0.3) 0.2 (0.3) 0.1 (0.3) 0.1 (0.3) 0.6965

SD —standard deviation; * To determine compliance with the Ad-LC WCRF/AICR Score, frequency of whole
grain/bean consumption (times/day) was divided according to tertile distribution: tertile 1 (<2.000), tertile 2

(>0.200<1.050, tertile 3 (>1.050).

Table S3. Frequency of food group consumption (times/day; mean (SD)) by categories of compliance

with red/processed meat consumption  in the case-control sample

Compliance with red/processed meat consumption

Variable Total
(0-8 points) Lower Intermediate Higher Val
(Opoints)  (05points)  (1poiny P vaue
Sample size 439 144 143 152
Red/processed meats 2.0 (1.2) 3.3 (1.0 1.8 (0.3) 0.9 (0.4) <0.0001
Other dietary components of the Ad-LC
WCRF/AICR Score
Fruits and vegetables 1.3 (0.7) 1.5(0.7) 1.2 (0.6) 1.1(0.7) <0.0001
Whole grains and beans 0.8 (0.8) 0.8 (0.8) 0.8 (0.8) 0.8 (0.8) 0.9106
Fast foods/other processed foods high in 33(17) 38 (18) 35 (1.6) 27(08) <0.0001
fat/starches/sugars
Sugar-sweetened drinks 0.1 (0.3) 0.2 (0.4) 0.1 (0.2) 0.1 (0.3) 0.0618

SD —standard deviation; * To determine compliance with the Ad-LC WCRF/AICR Score, frequency of red
meat/processed meat consumption (times/day) was divided according to tertile distribution: tertile 1 (<1.392),

tertile 2 (>1.392 <2.359), tertile 3 (>2.359).
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