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2. Streszczenie w jezyku polskim

Wprowadzenie: Przewlekly stan zapalny jest zwigzany z patogeneza wielu chordb
niezakaznych, w tym chorob sercowo-naczyniowych. Dieta jest waznym elementem w procesie
zapalenia ogolnoustrojowego i nieprzypadkowo jest jednym z wazniejszych czynnikéw
rozwoju choréb sercowo-naczyniowych (ang. cardiovascular disease, CVD) zwigzanych
ze stylem zycia. Nieodpowiednia dieta zostala powigzana z wszystkimi zaburzeniami
metabolicznymi wchodzacymi w sktad zespotu metabolicznego (ang. metabolic syndrome,
MetS) a jego wszystkie elementy sg modyfikowalnymi czynnikami ryzyka rozwoju CVD.
Wprowadzenie odpowiednich zmian w stylu zycia moze zmniejszy¢ ryzyko ich wystapienia.
Autorzy DII (ang. dietary inflammatory index) ocenili zwigzek produktéw/sktadnikow diety
z wystepowaniem markeréw stanu zapalnego: interleukiny-1p (IL-1B), IL-4, IL-6, IL-10,
czynnika martwicy nowotworow (ang. tumor necrosis factor alpha, TNF-a) i biatka
C- reaktywnego (ang. C-Reactive Protein, CRP). Okres§lono czy poszczegdlne 45 sktadniki
miaty wplyw na wzrost (+1), spadek (-1), badz czy nie miaty wptywu (0) na wyzej wymienione
markery stanu zapalnego. DII powigzano z wskaznikami ogolnoustrojowego zapalenia oraz
CVD.

Cel: Celem pracy byta ocena potencjatu zapalnego diet uczestnikow badania PURE
Poland (Prospektywne Epidemiologiczne Badanie Stanu Zdrowia Ludnosci Miejskiej
i Wiejskiej, ang. Polish arm of the Prospective Urban and Rural Epidemiological) a nastepnie
ocena zaleznosci migedzy wartoscig wskaznika DII 1 zawarto$cig w diecie grup produktow
spozywczych, warto$cig odzywcza diet oraz ocena zalezno$ci migdzy DIl a wybranymi
parametrami antropometrycznymi i biochemicznymi czynnikami ryzyka wystgpienia chorob
sercowo-naczyniowych. Dodatkowo oceniono zwigzek potencjatu zapalnego diet mieszkancow
miasta i wsi Dolnego Slaska na podstawie wartosci DIl z wystepowaniem zespotu

metabolicznego 1 jego sktadowymi.



Material i metody: W publikacjach wchodzacych w sklad rozprawy doktorskiej
oceniono zwigzek miedzy wartoscig DII, a zawarto$cig w diecie grup produktéw spozywczych,
wartoscig odzywczg tych diet, wybranymi parametrami antropometrycznymi i biochemicznymi
oraz z wystepowaniem MetS wsrod mieszkancéw wojewodztwa dolnoslaskiego, ktorzy zostali
wyodrebnieni z populacji kohortowego badania migdzynarodowego PURE w wieku 35-70 lat.
Laczna liczba uczestnikow badania wyniosta 2039 os6b. Z badania zostaly wylaczone osoby,
ktérych diety nie spetniaty kryterium odpowiedniej energetycznos$ci diety (dla mg¢zczyzn <800
kcal, >4200 kcal, dla kobiet <600 kcal, >3500 kcal). Dodatkowo wytaczono osoby, ktore nie
mialty wykonanych wszystkich badan biochemicznych. Do pierwszego badania
zakwalifikowano 1791 oséb, a do drugiego 1570. Sposéb zywienia zostal oceniony metoda
z wykorzystaniem Kwestionariusza Czestotliwosci Spozycia Zywnoéci (ang. Food Frequency
Questionnaire, FFQ). Kwestionariusz zostat opracowany i zwalidowany dla populacji Dolnego
Slaska z polskiej czesci badania PURE. W obu publikacjach do obliczenia wskaznika DII uzyto
37 sktadnikow diety/produktow, dodatkowo scharakteryzowano diety badanych w zaleznos$ci
od ich potencjalu zapalnego.

Wsréd 1791 badanych oceniono zwigzek pomiedzy DII a plcig, wiekiem, miejscem
zamieszkania, stanem cywilnym, poziomem wyksztalcenia, statusem palenia papierosow,
statusem spozywania alkoholu, poziomem aktywnosci fizycznej, wskaznikiem masy ciata (ang.
body mass index, BMI), obwodem pasa (ang. waist circumference, WC), wskaznikiem obwodu
pasa do obwodu bioder (ang. waist-hip ratio, WHR), stezeniem we krwi cholesterolu
catkowitego (ang. total cholesterol, TC), cholesterolu LDL (ang. low-density lipoprotein
cholesterol, LDL-C), cholesterolu HDL (ang. high-density lipoprotein cholesterol, HDL-C),
trojglicerydow (TG) i glukozy na czczo (ang. fasting glucose, FG) oraz ci$nieniem t¢tniczym.
Na podstawie wybranych parametréw profilu lipidowego obliczono wskazniki aterogenne (ang.

Atherogenic index of plasma, AIP 1 ang. Castelli’s Risk Index, CRI). W celu obliczenia



aterogenno$ci calodziennych racji pokarmowych obliczono wspotczynnik P/S (wg wzoru:
wielonienasycone kwasy tluszczowe, ang. polyunsaturated fatty acid, PUFA/nasycone kwasy
tluszczowe, ang. saturated fatty acid, SFA). Okreslono grupy produktow i warto$¢ odzywcza
charakterystyczne dla kazdego tercyla (T) DII przy wytaczeniu czynnikow zaklocajacych.
Dodatkowo, wsrod 1570 osob scharakteryzowano badang populacje w zaleznosci od plei
badanych i oceniono zwigzek DII z wystepowaniem MetS. Wszystkie analizy statystyczne
wykonano przy uzyciu oprogramowania R (jezyk i1 srodowisko do obliczen statystycznych,
wersja 3.5.1. R Foundation for Statistical Computing, Wieden, Austria) z wyjatkiem analizy
mocy, wykonanej w programie G¥*Power” (wersja 3.1.9.6).

Wyniki: W pierwszej pracy z cyklu: sredni wynik DII diet uczestnikow badania wynosit
-0,15 + 2,89, co wskazuje na niewielki potencjat przeciwzapalny ich diet. Warto$¢ energetyczna
diet, zawarto$¢ cukréw prostych, udzial energii w diecie z thuszczow ogdtem, SFA, PUFA oraz
cholesterol wplywaty dodatnio na warto$ci DII, natomiast udziat energii w diecie z biatka,
weglowodanéw ogotem, jednonienasyconych kwasoéw ttuszczowych (ang. monounsaturated
fatty acids, MUFA), wartos¢ stosunku PUFA/SFA wplywaly ujemnie na wartosci DII. Dieta
prozapalna, okreslona w T3 byla ujemnie zwigzana z zawarto$ciag owocoOw, warzyw, nasion
ro$lin stragczkowych, napojow, niskotluszczowego drobiu, zup, orzechdéw, nasion i rodzynek,
herbaty w poroéwnaniu do zawarto$ci tych produktow w T1 (okreslajacym diete
przeciwzapalng). Diety badanych w T3 byly dodatnio zwigzane ze spozyciem ryb, sokow,
rafinowanych zbdz, czerwonego migsa, przetworzonego czerwonego migsa i jego przetworow,
wysokothuszczowego/przetworzonego drobiu, stodyczy (ogotem i czekolady), cukru i miodu,
thuszczow bez olejow roslinnych, mleka i1 produktow mlecznych niskottuszczowych,
wysokotluszczowych serow i1 $mietan, ziemniakow, frytek, alkoholu, jaj. Obwod pasa byt
istotnie wyzszy wséréd kobiet im dieta byla bardziej prozapalna, podobng zalezno$é¢

zaobserwowano przy wskazniku WHR w grupie kobiet. Stezenie TG bylo nizsze wsrod



badanych w T1 w poréwnaniu z T2 1 T3, za$ FG byly istotnie nizsze wsrdd badanych z T1 1 T2
w poréwnaniu z T3. Srednia warto$¢ wskaznika AIP wéréd badanych wskazywata
na zwigkszone ryzyko rozwoju CVD niezaleznie od tercyli DII, z kolei warto$¢ wskaznika CRI
byta optymalna wérdd badanych znajdujacych si¢ w T1. Wyzsze wartosci obu wskaznikéw byty
w T2 1 T3 w poréwnaniu do T1.

W drugiej pracy z cyklu: nie zaobserwowano zwigkszonej czestosci wystepowania
MetS i jego sktadowych dla DIl T3 w porownaniu do T1, z wyjatkiem wzrostu czestosci
wystepowania komponentu TG w T3 w poroéwnaniu z T1 (OR 1,34; 95% CI = 1,01 — 1,78)
w modelu niedostosowanym. W modelu dostosowanym zaobserwowano mniejsza czgstosé
wystepowania komponentu nieprawidlowej glukozy na czczo w T2, w poréwnaniu do T1
(OR 0,71; 95% CI = 0,54 —0,94).

Whnioski: (1) Uczestnicy badania, ktorych diety okreslono jako bardziej prozapalne,
mieli wyzsze $rednie stezenie TG, FG, wyzsze warto$ci wskaznikow aterogennych krwi wérod
wszystkich badanych oraz wigkszy obwdd pasa i wskaznik WHR wsrod kobiet. (2) Wyzej
wymienione parametry antropometryczne i biochemiczne byly korzystniejsze wsrod
uczestnikow, ktorych diety charakteryzowaly si¢ wigksza zawartoscia warzyw, owocow,
orzechow, nasion, rodzynek, nasion roslin straczkowych, niskottuszczowego drobiu, herbaty.
Spozycie napojow w odniesieniu do potencjatu zapalnego diety wymaga dalszych badan. (3)
Diety badanych okreslone jako bardziej prozapalne byly zwigzane z wyzszym spozyciem:
rafinowanych  produktéw  zbozowych, stodyczy, sokéw, czerwonego  migsa,
wysokottuszczowych serow 1 $mietany, alkoholu, tluszczéw bez olejow roslinnych,
ziemniakéw, cukru i miodu, frytek, smazonych ryb oraz przetworzonego/wysokothuszczowego
drobiu. Wéréd tych uczestnikoéw pozostate sktadniki diety tj. mleko i produkty mleczne
niskotluszczowe oraz jaja moga by¢ zwigzane z ogoélnie niezdrowymi nawykami/wzorami

zywieniowymi, stad ich wyzsza zawarto§¢ wystgpowata w diecie prozapalnej, jednak ich



zawarto$¢ w diecie nie powinna by¢ uznawana za niezalezny czynnik ryzyka CVD. (4) Nie byto
istotnych zwigzkow migdzy MetS, jego sktadowymi i1 DII, obliczonego przy uzyciu
kwestionariusza FFQ, z wyjatkiem TG w modelu surowym. Brak zwiazku mi¢dzy DII a MetS
w tym badaniu moze by¢ zwigzany z faktem, ze czynniki ryzyka rozwoju choréb przewlektych
dziataja przez dlugi czas, az do kumulacji rozwoju choroby. (5) Powyzsze wyniki majg
charakter informacyjny i stanowig istotng podstawe dla dalszych badan nad jakoscig diety

| zywienia.

Stowa kluczowe: choroby uktadu krazenia, ryzyko sercowo-naczyniowe, dietetyczny wskaznik

stanu zapalnego; dieta, badanie PURE, zesp6t metaboliczny, stan zapalny, odzywianie
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3. Streszczenie w jezyku angielskim (Abstract)

Introduction: Chronic inflammation is implicated in the pathogenesis of many
non-communicable diseases, including cardiovascular disease (CVD). Diet is an important
element in the process of systemic inflammation and it is no coincidence that it is one of the
most important factors in the development of lifestyle-related cardiovascular diseases.
Inadequate diet has been associated with all metabolic disorders included in the metabolic
syndrome (MetS), and all its components are modifiable risk factors for the development of
CVD. Making appropriate lifestyle changes can reduce the risk of their occurrence. The DIl
authors evaluated the association of dietary components with 6 inflammatory biomarkers i.e.,
interleukin-1p (IL-1pB), IL-4, IL-6, IL-10, tumor necrosis factor alpha (TNF-o)) and C-Reactive
Protein (CRP). The inflammatory potential for each food parameter was scored according to
whether it increased (+1), decreased (-1), or had no effect (0) on 6 inflammatory biomarkers. It
has been linked to indicators of systemic inflammation and CVD.

Purpose: The aim of the study was to assess the inflammatory potential of participants
diets enrolled in the Polish arm of the Prospective Urban and Rural Epidemiological (PURE)
study, and then to evaluate the association between the DIl score with the dietary content, the
nutritional value of diets and to determine the correlation of DIl score with selected
anthropometric parameters and biochemical risk factors for CVD. In addition, the relationship
between inflammatory potential of diets of urban and rural residents of Lower Silesia based on
DIl with the incidence of MetS and its components was assessed.

Material and methods: Publications assessed the relationship between DIl and current
diet, nutritional value of diets and determined the correlation of DIl score with selected
anthropometric and biochemical parameters and with the incidence of MetS and its components
of the inhabitants of the Lower Silesian Voivodship who were selected from the population of

the PURE international cohort study aged 35-70. There were total of 2039 study participants.
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Individuals who did not meet the criterion of adequate dietary energy intake (for men < 800
kcal, >4200 kcal, for women < 600 kcal, >3500 kcal) were excluded. In addition, participants
were excluded from the study due to missing data for more than one variable. Finally, a total of
1791 individuals were included in the first study and 1570 in the second study. Participants’
habitual food intake was assessed with the Food Frequency Questionnaire (FFQ), which was
developed and validated for the population of PURE study Lower Silesia. Thirty-seven dietary
food components and products were used to calculate the DIl score in both publications,
additionally diets were characterized depending on their inflammatory potential.

Among 1791 participants, the relationship between DIl and sex, age, place of living,
marital status, education, smoking, alcohol consumption, physical activity, body mass index
(BMI), waist circumference (WC), waist-hip ratio (WHR), total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides
(TG), fasting glucose (FG) and blood pressure were assessed. Based on selected parameters of
the lipid profile, atherogenic indexes (Atherogenic index of plasma, AIP and Castelli's Risk
Index, CRI) were calculated. In order to calculate the atherogenicity of daily food rations, the
polyunsaturated fatty acid (PUFA [g] )/saturated fatty acid (SFA [g] ) equation was used.
Product groups and nutritional value specific to each tercile of DIl were defined, excluding
confounding factors. In addition the study group (n = 1570) was characterized according to sex
and the relationship between DIl and the occurrence of MetS was assessed. All statistical
analyzes were performed using R software (statistical language and environment, version 3.5.1.
R Foundation for Statistical Computing, Vienna, Austria) with the exception of the power
analysis performed in the G*Power program (version 3.1.9.6).

Results: The first study: the mean DII score of study participants was -0.15 + 2.89,
indicating slightly anti-inflammatory potential of their diets. The energy value of diets, the

intake of simple sugars, the proportion of dietary energy from total fats, SFAs, PUFAs, and
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cholesterol level were reflected by positive DII scores. The proportion of dietary energy from
protein, total carbohydrates, MUFAs, and the PUFA/SFA ratio was reflected by negative DI
scores. Pro-inflammatory diet, defined as T3, was negatively associated with the intake of fruits,
vegetables, legumes, beverages, low-fat poultry, soups, nuts, seeds, raisins, and tea compared
to their intake in T1. Participants in T3 consumed more fish, juices, refined cereals, processed
and unprocessed red meat, high-fat/processed poultry, sweets (including chocolate), sugar and
honey, fats except for vegetable oils, low-fat milk and dairy, high-fat cheese and cream,
potatoes, French fries, alcohol, and eggs. In the group of women, significantly higher WC and
WHR were associated with more pro-inflammatory diets. TG concentrations were lower in T1
compared to T2 and T3. FG levels were significantly lower in T1 and T2 compared to T3. The
mean value of AIP in all study participants indicated an increased risk of developing CVD
regardless of the DIl terciles. CRI was optimal in T1 group. Higher values of both indices were
reported in T2 and T3 compared to T1.

The second study: Overall, no increased incidence of MetS and its components was
observed for DIl Tercile (T) 3 compared to T1, except for an increase in the incidence of the
TG component of T3 compared to T1 (odds ratios [OR] 1.34; 95% confidence intervals
[CI] = 1.01 to 1.78) in the unadjusted model. In the adjusted model, a lower incidence of the
abnormal fasting glucose component was observed at T2 compared to T1 (OR 0.71 95%
Cl =0.54100.94).

Conclusions: (1) Among participants with pro-inflammatory diets, higher mean values
of TG, FG, API, and CRI in the group of men and women, and higher WC and WHR in the
group of women were reported. (2) Anthropometric and biochemical parameters were more
favorable among study participants whose diets had higher content of vegetables, fruits, nuts,
seeds, raisins, pulses, low-fat poultry, and tea. The association of beverages consumption with

dietary inflammatory potential requires further study. (3) Study participants, whose diets were
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pro-inflammatory, consumed more refined grain products, sweets, juices, red meat, high-fat
cheese and cream, alcohol, fats (except for vegetable oils), potatoes, sugar and honey, French
fries, fried fish, and processed/high-fat poultry. Moreover, higher consumption of milk, low-fat
dairy, and eggs in study participants with pro-inflammatory diets was reported, which may be
due to the fact that these food products are associated with unhealthy dietary habits. However,
their consumption should not be considered as an independent CVD risk factor. (4) No
association was found between the DIl and MetS as calculated using the FFQ, except for TG in
the crude model. The lack of association between DIl and MetS in this study may be related to
the fact that risk factors for the development of chronic diseases act for a long time, until the
accumulation of disease development. (5) Results of this study are informative and provide an

important basis for further research on the quality of diet and nutrition.

Key words: cardiovascular diseases; cardiovascular risk; dietary inflammatory index; diet;

PURE study; metabolic syndrome; inflammation; nutrition
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4. Wykaz stosowanych skrotow

AGE'’s - Advanced glycationend - products (pl., koncowe produkty glikacji)
AIP - Atherogenic index of plasma (pl., wskaznik aterogennosci osocza)

BMI - body mass index (pl., wskaznik masy ciata)

ClI - confidence intervals (pl., przedziat ufnosci)

CRI - Castelli's Risk Index (pl., wskaznik Castelliego)

CRP - C-Reactive Protein (pl., biatko C-reaktywne)

CVD - cardiovascular disease (pl., choroby sercowo-naczyniowe)

DASH - Dietary Approaches to Stop Hypertension

DII - dietary inflammatory index (pl., dietetyczny wskaznik stanu zapalnego)
FFQ - Food Frequency Questionnaire (pl., kwestionariusz czgstotliwosci spozycia Zzywnosci)
FG - fasting glucose (pl., st¢zenie glukozy na czczo)

H - height (pl., wysokos$¢)

HDL-C - high-density lipoprotein (pl., lipoproteina wysokiej gestosci)

IL - interleukin (pl., interleukina)

IPAQ - International Physical Activity Questionnaire (pl., Migdzynarodowy kwestionariusz
aktywnosci fizycznej)

LDL-C - low-density lipoprotein cholesterol (pl., lipoproteina o matej gestosci)
MAPK - mitogenactivated protein kinase (pl., kinazy aktywowane mitogenami)
MET - metabolic equivalent (pl., ekwiwalent metaboliczny)

MetS - metabolic syndrome (pl., zespot metaboliczny)

MUFA - monounsaturated fatty acids (pl., jednonienasycone kwasy ttuszczowe)
NF-kB - nuclear factor-kB (pl., jadrowy czynnik transkrypcyjny NF kappa)

OR - odds ratios (pl., iloraz szans)

PUFA - polyunsaturated fatty acid (pl. wielonienasycone kwasy tluszczowe)

15



PURE study - Prospective Urban and Rural Epidemiological study (pl., Prospektywne
Epidemiologiczne Badanie Ludnosci Miejskiej i Wiejskiej)

P/S - stosunek [g] PUFA do [g] SFA

SFA - saturated fatty acid (pl., nasycone kwasy tluszczowe)

T - tercile (pl., tercyle)

TC - total cholesterol (pl., cholesterol calkowity)

TG - triglycerides (pl., trojglicerydy)

TNF-a - tumor necrosis factor alpha (pl., czynnik martwicy nowotwordéw)

W - weight (pl., masa ciata)

WC - waist circumference (pl., obwod pasa)

WHR - waist-hip ratio (pl., wskaznik pas-biodra)
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5. Wprowadzenie

Przewlekly stan zapalny jest zwigzany z patogeneza wielu chordb niezakaznych, w tym
chorob sercowo-naczyniowych (ang. cardiovascular diseases, CVD) [1]. CVD w Europie
pozostaje najczgstsza przyczyng zgondéw [2]. Na podstawie danych z 2020 roku, w Polsce
z CVD byto zwigzanych 41% wszystkich zgonéw wsrdd kobiet 1 33% wsrod mezezyzn [3].
Zapobieganie CVD na poziomie jednostki i populacji jest jednym z gldownym wyzwan dla
personelu medycznego i politykow [4,5]. W europejskich zaleceniach dotyczacych profilaktyki,
duzy nacisk jest ktadziony na dziatania poza farmakologiczne tj. badania przesiewowe
w kierunku oceny wystgpowania markeréw lub czynnikéw ryzyka CVD, utrzymywanie
odpowiedniego poziomu aktywnosci fizycznej, odpowiednie modyfikacje diety, redukcje masy
ciata zgodnie z wskazaniami, identyfikacj¢ palaczy, w tym porady dotyczace rzucenia palenia,
rozpoznanie oraz odpowiednie leczenie nadci$nienia, hiperglikemii i hiperlipidemii [4].

Pacjenci, u ktorych zdiagnozowano zespot metaboliczny (ang. metabolic syndrome,
MetS) sa dwukrotnie bardziej narazeni na rozwoj chorob uktadu krazenia w przeciagu 5-10 lat
1 maja pigciokrotnie wicksze ryzyko wystapienia cukrzycy typu 2 w przysztosci [6]. Wyrdznia
si¢ wiele czynnikdw 1 mechanizméw w rozwoju MetS, w tym insulinoopornos¢, dysfunkcje
tkanki tluszczowej, przewlekly stan zapalny, stres oksydacyjny, nieprawidlowa mikrobiote,
czynniki genetyczne [6,7]. Przewlekle zapalenie wigze si¢ z insulinooporno$cig oraz otytoscig
trzewng. Tkanka tluszczowa jako narzad wydzielania wewngtrznego moze uwalniaé wiele
bioaktywnych peptydow, w tym adiponektyng, interleuking-6 (IL-6), rezystyne, biatko wigzace
retinol-4 (RBP4), leptyne i czynnik martwicy nowotworow (ang. tumor necrosis factor alpha,
TNF-a). Rozregulowanie aktywnosci tkanki thuszczowej wigze si¢ z nadmiernym
wydzielaniem szkodliwych adipokin i niedostatecznym wydzielaniem korzystnych [8,9].
Czynnikiem wyzwalajacym powyzsze procesy moze by¢ dieta wysokoenergetyczna i zwigzana

z tym $mier¢ komorek, ktore wywotuja miejscowy stan zapalny [7,10]. Nieodpowiednia dieta
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zostala powigzana z wszystkimi zaburzeniami metabolicznymi ktore obejmujg MetS, a jego
wszystkie sktadowe sa modyfikowalnymi czynnikami ryzyka rozwoju CVD, co oznacza, ze
wprowadzenie odpowiednich zmian w stylu zycia moze zmniejszy¢ ryzyko ich wystgpienia
[11,12].

Dieta jest waznym elementem w procesie zapalenia ogdlnoustrojowego
I nieprzypadkowo jest jednym z wazniejszych czynnikow rozwoju CVD zwigzanych ze stylem
zycia [5]. Najlepiej przebadang dieta, rownoczes$nie o dziataniu przeciwzapalnym jest dieta
Srédziemnomorska. Zalecane jest prewencyjne stosowanie powyzszej diety (lub diety DASH,
ang. Dietary Approaches to Stop Hypertension) w celu redukcji ryzyka CVD [4,13].
Na podstawie badan epidemiologicznych wykazano, ze zdrowe wzorce zywieniowe, tj. duze
spozycie owocdw, warzyw, nasion roslin straczkowych, produktow petoziarnistych, ryb,
niskotluszczowego nabiatu, a takze grup produktéw bogatych w przeciwutleniacze i kwasy
thuszczowe omega-3 byly zwigzane ze zmniejszeniem stanu zapalnego o niskim stopniu
nasilenia, stresu oksydacyjnego a takze z poprawa funkcji srodblonka [14-17]. Podczas gdy
dieta, okreslona jako zachodnia, bogata w Zywno$¢ wysoko przetworzona, weglowodany
proste, produkty zbozowe rafinowane, czerwone przetworzone mig¢so, zywnos$¢ bogata
W nasycone kwasy thuszczowe i s6d byta zwigzana z przewlekltym stanem zapalnym [18,19].

Wskaznik DII (ang. dietary inflammatory index) zostat opracowany w celu okreslenia
potencjatu zapalnego diet i powigzano go z wskaznikami ogdlnoustrojowego zapalenia [21,22]
oraz CVD [23-25]. Powyzszy wskaznik zostal opracowany na podstawie $wiatowego
pisSmiennictwa z okresu od 1950 roku do 2010, acznie autorzy DII przeanalizowali 1943
artykuty z 45 wyselekcjonowanymi sktadnikami diety [20]. Autorzy DII ocenili zwigzek
produktow/sktadnikow diety z wystgpowaniem markerdw stanu zapalnego (IL-1p, IL-4, IL-6,

IL-10, TNF-a i biatka C-reaktywnego [ang. C-Reactive Protein, CRP]). Okreslono czy
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poszczegolne 45 sktadnikdéw diety miato wplyw na wzrost (+1), spadek (-1), badZ czy nie miaty
wpltywu (0) na wyzej wymienione markery stanu zapalnego [20].

Istnieje niewiele badan z udzialem populacji polskiej, w ktorej okreslono potencjat
zapalny diet badanych. Szczegdétowe okreslenie poszczegdlnych grup produktow w zaleznosci
od potencjatu zapalnego diety wydaje si¢ by¢ kluczowe, w celu formulowania odpowiednich
zalecen zywieniowych. W badaniu Sokol i wsp. [26], oceniono zaleznosci mig¢dzy DII
| komponentami MetS wsrod populacji polskiej, ktora znajduje si¢ w potudniowo-wschodniej
czesci kraju (wojewodztwo $wigtokrzyskie), natomiast to badanie dotyczy populacji polskiej
bedacej z regionu poludniowo-zachodniego (wojewodztwo dolnoslaskie).

Dodatkowo nie ma wielu badan, w ktorych wykorzystano by markery
kardiometaboliczne do poréwnania zwigzkéw z DIl w populacji europejskiej. Bioragc pod
uwage fakt, ze Polska jest krajem wysokiego ryzyka wystapienia CVD [4], uzycie narzedzi
nieinwazyjnych, konkretnych, szybkich dla zidentyfikowania oséb z wysokim ryzykiem
rozwoju CVD wydaje si¢ by¢ niezwykle wazne [27]. Wskazniki: Atherogenic Index of Plasma
(AIP) oraz Castelli risk indexes (CRI) zostaly stworzone do prognozowania aterogennosci
| zdarzen sercowo-naczyniowych [27,28]. Ostatnie badania obejmujace dane z National Health
and Nutrition Examination Survey wykazaly, ze AIP byl silniejszym predyktorem ryzyka

sercowo-naczyniowego niz individual cholesterol risk factors [29].
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6. Cel pracy

Celem pierwszej publikacji byta ocena potencjatu zapalnego diet uczestnikéw badania
PURE Poland a nastepnie ocena zalezno$ci migdzy warto$cig wskaznika DII i zawarto$cia
w diecie grup produktow, warto$cig odzywcza diety ocenianej na podstawie DIl oraz ocena
zalezno$ci miedzy DII a wybranymi parametrami antropometrycznymi i biochemicznymi
czynnikami ryzyka wystgpienia choréb sercowo-naczyniowych.

Celem drugiej publikacji byla ocena zwigzku potencjatu zapalnego diet mieszkancow
miasta i wsi Dolnego Slaska na podstawie warto$ci wskaznika DII z wystepowaniem MetS

I jego sktadowymi. Dodatkowo scharakteryzowano diety badanych w zaleznosci od tercyli DII.
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7. Material i metody

7.1 Charakterystyka grupy badanej

Prospektywne Epidemiologiczne Badanie Ludnosci Miejskiej i Wiejskiej (ang.
Prospective Urban Rural Epidemiological, PURE) to kohortowe badanie mi¢dzynarodowe,
W ktérym poczatkowo uczestniczyto 153 996 o0s6b dorostych z 17 krajow o niskich, srednich
I wysokich dochodach. Polacy zostali zaliczeni do krajow o $rednich dochodach. L.aczna liczba
uczestnikow badania wynosita 2039 osob. Kryterium wiaczenia do badania stanowil wiek
35-70 lat, miejsce stalego pobytu w miescie lub na wsi w wojewodztwie dolnoslaskim. Do
polskiej czesci badania zakwalifikowano uczestnikdw za posrednictwem ogloszen radiowych
i telewizyjnych. Kryterium wylgczenia z badania byly osoby, ktorych diety nie miaty
odpowiedniej energetycznosci (dla mezczyzn <800 kcal, >4200 kcal, dla kobiet <600 kcal,
>3500 kcal [32]) oraz ktére nie miaty petnych danych medycznych dotyczacych badanych
zmiennych. tacznie, do okres$lenia wartosci wskaznika przeciwzapalnego diet badanych
I zwigzkoéw z CVD zakwalifikowano 1791 0sob (publikacja pierwsza), a do okreslenia wartosci
wskaznika przeciwzapalnego diet badanych 1 zwigzkow z MetS zakwalifikowano 1570 os6b

(publikacja druga).

7.2 Pomiar czynnikow ryzyka sercowo-naczyniowego

Dla oceny czynnikow ryzyka CVD wykorzystano nastgpujace parametry: stezenie
glukozy na czczo (ang. fasting glucose, FG), trojglicerydow (TG), lipoprotein o duzej gestosci
(ang. high-density lipoprotein cholesterol, HDL-C), cholesterolu catkowitego (ang. total
cholesterol, TC), lipoprotein o niskiej gestosci (ang. low-density lipoprotein cholesterol,

LDL-C), cisnienie tetnicze krwi skurczowe i rozkurczowe, obwodd pasa (ang. waist
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circumference, WC), wskaznik BMI (ang. body mass index), stosunek obwodu pasa do obwodu
bioder (ang. waist-to-hip ratio, WHR).

FG, TG, HDL-C, TC badano w probkach krwi zylnej. Do zmierzenia stezenia HDL-C
I TG wykorzystano metod¢ enzymatyczna, tj. test SPINREACT (Sant Esteve De Bas, Girona,
Spain). Obliczenie stg¢zenia cholesterolu LDL wykonano za pomoca wzoru Friedewalda
(LDL- C = TC — HDL-C — TG/5), wykorzystujac wczesniej oznaczone: TC, HDL-C, TG (dla
wynikow TG nizszych niz 400 mg/dl). FG mierzono po calonocnym poscie za pomoca Ascensia
Entrust Glucometer (Bayer, Germany). Powyzsze zmienne byly wyrazone w mmol/l
z wyjatkiem FG, ktéra byla wyrazona w mg/dl. Ci$nienie krwi skurczowe i1 rozkurczowe
mierzono za pomocag certyfikowanego cyfrowego cis$nieniomierza (Omron HEM-711
IntelliSense, Tokyo, Japan) i wyrazono w mmHg. Przed badaniem ci$nienia krwi, polecono
pacjentom odpoczynek przez 5 minut. W badaniu PURE uwzglgdniono $rednie wartoSci
ci$nienia tetniczego krwi, mierzone dwukrotnie u kazdego uczestnika. WC mierzono w punkcie
srodkowym pomiedzy dolnym brzegiem tuku zebrowego i goérnym grzebieniem kosci
biodrowej, za pomocg standardowej taSmy pomiarowej z doktadnos$cig do 0,5 cm. Wysoko$¢
ciata (ang. height, H) mierzono bez butéow, z doktadnos$cig do 0,5 cm przy uzyciu stadiometru.
Masg ciata (ang. weight, W) mierzono bez butdéw i szat wierzchnich, za pomocg analizatora
masy ciata Tanita BC-554 (Japonia) z doktadnos$cia do 0,1 kg. Wskaznik BMI zostat obliczony
na podstawie masy ciata w kilogramach i wzrostu w metrach, wg wzoru: BMI =W (kg)/H?(m?).
Obwodd bioder mierzono w najszerszym rozciggnieciu bocznym bioder i wyrazono
w centymetrach z doktadnoscig 0,5 cm. Stosunek pasa do bioder (ang. waist-to-hip ratio, WHR)

obliczono dzielagc obwod pasa przez obwod bioder.

7.3 Obliczanie wskaznikow aterogenno$ci krwi
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Na podstawie parametrow profilu lipidowego obliczono wskazniki aterogenne AIP
i CRI. AIP obliczono kolejno wg. wzoru log (TG [mg/dl]/HDL-C[mg/dl]), gdzie wyniki <0,11
wskazywal na niskie, 0,11-0,21 na umiarkowane, a >0,21 na zwigkszone ryzyko rozwoju CVD.
CRI obliczono z wzoru: TC [mg/dl]/HDL-C[mg/dl], gdzie wyniki <3,5 oznaczaly niskie,

2,5-4,5 umiarkowane, a >4,5 wysokie ryzyko CVD [33].

7.4 Obliczanie wskaznika aterogennosci diety

W celu obliczenia aterogennosci catodziennych racji pokarmowych obliczono
wspotczynnik P/S, wg wzoru: PUFA g/SFA g (wg wzoru: wielonienasycone kwasy tluszczowe,
ang. polyunsaturated fatty acid, PUFA/nasycone kwasy thuszczowe, ang. saturated fatty acid,
SFA). Przy zatozeniu, ze PUFA stanowig minimalnie 6% udziatu energii w diecie, a SFA 10%,
warto$¢ wspotczynnika minimalna powinna wynosi¢ 0,6, natomiast optymalna powinna

wynosi¢ powyzej 1 [34,35].

7.5 Definicja zespotu metabolicznego

Definicja MetS zostata okreslona zgodnie z International Diabetes Federation/U.S. Do
rozpoznania MetS zastosowano zharmonizowane kryteria National Heart, Lung, and Blood
Institute/American Heart Association/World Heart Federation dla MetS [6], obejmujace
obecnos¢ trzech lub wigcej kryteriow:

e FG > 5.6 mmol/l (100 mg/dl) lub leczenie farmakologiczne podwyzszonego stgzenia
glukozy;

e cisnienie skurczowe >130 mmHg lub rozkurczowe >85 mmHg lub leczenie lekami
hipotensyjnymi wczesniej rozpoznanego nadcisnienia tetniczego;

e HDL-C <1,0 mmol/l (40 mg/dl) u me¢zczyzn i <1,3 mmol/l (50 mg/dl) u kobiet lub

historia leczenia farmakologicznego tych nieprawidtowosci;

23



e WC >80 cm u kobiet i > 94 cm u me¢zczyzn [6].

7.6 Ocena sposobu zywienia

Sposéb zywienia zostal oceniony na podstawie Kwestionariusza Czestotliwosci
Spozycia Zywnoéci (ang. Food Frequency Questionnaire, FFQ), ktory zostal opracowany
i walidowany dla populacji Dolnego Slaska z polskiej czesci badania PURE [36]. Czgsto$é
spozycia w kwestionariuszu okreslono za pomoca 10 mozliwosci, tj.: nigdy, mniej niz raz
W miesigcu; 1 - 3 razy w miesigcu, 1 raz w tygodniu, 2 - 4 razy w tygodniu, 5 - 6 razy
w tygodniu, 1 raz dziennie, 2 - 3 razy dziennie, 4 - 5 razy dziennie, > 6 razy dziennie. Powyzszy
FFQ byt specyficzny dla badanego kraju, uwzgledniajacy jego kulture. FFQ odnosit si¢
do spozycia produktow w ciggu roku poprzedzajacego badanie. Okreslono w nim czestotliwosé
spozycia 154 produktow. Warto$¢ odzywcza diet zostata obliczona na podstawie ,,Tabel
wartosci odzywczej produktéw spozywezych i potraw” [37]. W celu oceny sredniej wielkosci
porcji zywnosci uzyto ,,Album fotografii produktéw i potraw” [38]. Doktadny opis FFQ oraz

jego standaryzacja zostaty opisane wczesniej [39].

7.7 Czynniki demograficzne

Miejsce zamieszkania zaklasyfikowano do kategorii: wie$ lub miasto, wyksztatcenie:
podstawowe/nieznane lub zawodowe, Srednie/licealne oraz wyzsze. Do obliczenia aktywnosci
fizycznej wykorzystano Mig¢dzynarodowy kwestionariusz aktywnos$ci fizycznej (ang.
International Physical Activity Questionnaire, IPAQ) i wyrazono go jako ekwiwalent
metaboliczny minut na tydzien (MET) i podzielono na 3 kategorie: niewystarczajacej (ponizej
600), dostatecznej (600-3000) lub wysokiej (powyzej 3000 MET) [40]. Status palenia

papieroséw okreslono w 3 kategoriach: nigdy, w przesztosci i obecnie.
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7.8 Obliczanie dietetycznego wskaznika stanu zapalnego (DII)

Wskaznik DII stanowi algorytm, ktory pozwala na klasyfikacje diet w zaleznos$ci od ich
potencjatu zapalnego. Do pracy wykorzystano zmodyfikowang i uaktualniong wersj¢ obliczania
DII, przedstawiong przez Shivappe¢ i wsp. [20]. Dokladny opis zaktualizowanego wskaznika
zostal opisany w autorskiej publikacji [20]. DII zostal opracowany na podstawie §wiatowego
pismiennictwa od 1950 do 2010 roku, tacznie autorzy DII przeanalizowali 1943 artykuty z 45
wyselekcjonowanymi skladnikami diety. Shivappa 1 wsp. [20] ocenili zwigzek
produktow/sktadnikow diety z wystepowaniem markerow stanu zapalnego (IL-1p, IL-4, IL-6,
IL-10, TNF-a i CRP). Okreslono czy poszczegolne 45 sktadnikéw miaty wpltyw na wzrost (+1),
spadek (-1), badz czy nie miaty wptywu (0) na wyzej wymienione markery stanu zapalnego.
Dodatkowo autorzy DIl [20] obliczyli swiatowe dzienne spozycie poszczegolnych sktadnikow
diety/produktéw, wraz z odchyleniem standardowym, na podstawie analizy danych z 11 krajow
swiata (USA, Australia, Krolestwo Bahrajnu, Dania, Indie, Japonia, Nowa Zelandia, Tajwan,
Korea Potudniowa, Meksyk, Wielka Brytania). Spozycie sktadnikow diety/produktéw przez
uczestnikow badania z wojewddztwa dolnos$laskiego bylo odnoszone do wyzej opisanego
aktualnego $redniego spozycia na §wiecie na podstawie obliczonego parametru z-score. Ten
parametr zostal obliczony poprzez odjecie od wartosci okreslajacej dzienne spozycie
sktadnikow diety/produktow badanych, wartosci okreslajacej dzienne $rednie $wiatowe
spozycie tego sktadnika/produktu, ktore byto podane w autorskiej publikacji. Nastepnie
uzyskany wynik zostatl podzielony przez odchylenie standardowe, okreslone dla dziennego
Swiatowego spozycia, co miato na celu standaryzacje wynikéw. Uzyskane warto$ci dla kazdego
z badanych zamieniano na perecentyle, a przedzial wartos$ci przeskalowano z 0-1 do -1-1.
Zmodyfikowane w powyzszy sposob warto§ci mnozono przez catkowite koncowe efekty pro-
1 antyzapalne dla poszczego6lnych sktadnikow diety/produktow. Nastepnie wszystkie wyniki dla

diet badanych zsumowano. Uzyskane wyzsze wyniki wskazywaly na bardziej prozapalny
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charakter diety, a im wigcej warto$ci ujemnych tym diety oceniano jako bardziej antyzapalne.
W autorskiej publikacji zakres uzyskanych wynikéw miescit si¢ w przedziale od 7,98

(maksymalnie prozaplane) do -8,87 (maksymalnie przeciwzapalne) [20].

Do obliczenia wskaznika DII uzyto 37 sktadnikow diety/produktow, w tym: 29
sktadnikow przeciwzapalnych: MUFA, PUFA, kwasy tluszczowe n-3, n-6, blonnik
pokarmowy, alkohol, witaminy: A, D, E, C and Be, -karoten, tiamina, ryboflawina, niacyna,
kwas foliowy, magnez, selen, cynk, flavan-3-ole, flawony, flawonole, flawonony,
antocyjanidyny, izoflawony, kofeina, czosnek, cebula, zielona/czarna herbata oraz 8 elementow
prozapalnych: weglowodany, biatko, thuszcz ogoétem, SFA, kwasy tluszczowe typu trans,
cholesterol, zelazo i witamina Bio. Zastosowano metod¢ gestosci sktadnikéw odzywcezych,
przeliczajac sktadniki DII na 1000 kcal, w celu zmniejszenia wplywu zrdznicowanej
energetycznosci diet badanych [41]. Uczestnicy badania zostali podzieleni na tercyle,
w zaleznosci od potencjatu zapalnego ich diet, okreslonego na podstawie DII: T1 (diety
badanych o niskim potencjale zapalnym), T2 (diety o $rednim potencjale zapalnym) oraz T3

(diety o wysokim potencjale zapalnym).

7.9 Obliczenia statystyczne

W dwoch publikacjach zmienne nominalne przedstawiono jako n (% grupy), zmienne
ciagle jako $rednig = SD lub mediane (T1; T3). Normalno$¢ rozktadu w podgrupach oceniono
za pomocg testu Kolmogorowa-Smirnowa, wartosci sko$nosci i kurtozy oraz na podstawie
wizualnej oceny histograméw. W pierwszej publikacji wykonano wieloczynnikowe modele
regresji liniowej dostosowane do zmiennych: wieku, pfci, miejsca zamieszkania, stanu
cywilnego, wyksztatcenia, palenia, alkoholu, aktywnosci fizycznej i BMI. DII wiaczono do
modeli regresji zaréwno jako zmienng ciagla, jak i1 czynnikowa (tercyle). Dodatkowo
przeprowadzono test trendu liniowego uwzgledniajacy warto$¢ mediany dla kazdego tercyla

DII jako zmienng ciggla w modelu regresji i po dostosowaniu do wyzej wymienionych
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wspotzmiennych, co jest powszechnym podejsciem w kilku badaniach o podobnej tematyce
[42-45].

W drugiej publikacji zastosowano analize¢ regresji logistycznej w celu okre$lenia
ilorazow szans (ang. odds ratios, ORs) z 95% przedziatami ufnosci (CIs) dla zespotu
metabolicznego 1 jego sktadowych zgodnie z tercylami DII. Dolny tercyl DII (T1) zostat uzyty
jako kategoria odniesienia. Okreslono zar6wno modele jednowymiarowe, jak
i wielowymiarowe. Modele wieloczynnikowe obejmowaty wiek, pte¢, miejsce zamieszkania,
poziom wyksztalcenia, poziom aktywnosci fizycznej, palenie tytoniu i BMI jako potencjalne
czynniki zaktocajace.

Wszystkie testy byly dwustronne z poziomem istotnosci 0,05. Wymienione powyzej
analizy przeprowadzono przy uzyciu oprogramowania R (Jezyk i $rodowisko do obliczen
statystycznych, wersja 3.5.1. R Foundation for Statistical Computing, Wieden, Austria).

W  pierwsze] publikacji wykonano dodatkowo analiz¢ mocy za pomoca
oprogramowania G*Power (wersja 3.1.9.6), ktora przeprowadzono w odniesieniu do
jednokierunkowej analizy ANOVA z efektem statym i regresji liniowej. Do obliczen przyj¢to
poziom istotnos$ci statystycznej o = 0,05, N (liczba préby) = 1791, k (liczba podgrup) = 3,
jednakowa liczebno$¢ podgrup (n = 597). W teScie mocy ANOVA wykorzystano wielkos¢
efektu f, ktora jest zdefiniowana jako: f = om/c, gdzie om jest odchyleniem standardowym
sredniej grupy Wi, a 6 wspélnym odchyleniem standardowym w obrebie k grup. Analiza mocy
zostatla obliczona na 97%, czyli znacznie wiecej niz 80% uznawane za powszechnie
akceptowalny poziom mocy [46]. Wielkos¢ efektu w regresji wielokrotnej wyraza si¢ jako
2 = Vs/VE, gdzie Vs jest proporcja wariancji wyjasniong przez zestaw predyktorow, a Vg jest
resztg btedu wariancji (Ve + Vs = 1). Proporcja wyjasnionej wariancji jest okreslona przez
Vs = R?, a wariancja resztkowa przez Ve = 1 — R? . Analiza mocy zostala obliczona na 99,5%,

czyli znacznie wigcej niz 80% uznawane za powszechnie akceptowalny poziom mocy [47].
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Abstract: Chronic inflammation is involved in the pathogenesis of many non-infectious diseases,
including cardiovascular diseases (CVD), a leading cause of death in Europe. The aim of the study
was to assess the inflammatory potential of the diets of participants enrolled in the Polish arm of the
Prospective Urban and Rural Epidemiological (PURE) study, evaluate the association between the
dietary inflammatory index (DII) score with the dietary content, and to determine the correlation of
DII score with selected anthropometric parameters and biochemical risk factors for CVD. Diets were
assessed with the Food Frequency Questionnaire (FFQ). Among participants with pro-inflammatory
diets, we reported higher mean values of triglycerides (TG), fasting glucose (FG), atherogenic index
of plasma (AIP), and the Castelli’s risk index (CRI) in the group of men and women, and higher
waist circumference (WC) and waist-to-hip ratio (WHR) in the group of women. Pro-inflammatory
diets were associated with higher intake of refined grains, sweets, juices, red meat, high-fat cheese
and cream, alcohol, fats except for vegetable oils, potatoes, sugar and honey, French fries, fried
fish, and processed /high-fat poultry. Moreover, study participants with pro-inflammatory diets
consumed more milk, low-fat dairy, and eggs associated with unhealthy dietary habits, but this
should not be considered as an independent CVD risk factor. Anthropometric and biochemical
outcomes were more favorable among study participants who consumed more vegetables, fruits,
nuts, seeds, raisins, pulses, low-fat poultry, and tea. However, association of beverage consumption
with dietary inflammatory potential requires further study.

Keywords: cardiovascular diseases; cardiovascular risk; dietary inflammatory index; diet; PURE study

1. Introduction

Chronic inflammation is involved in the pathogenesis of many non-infectious diseases,
including cardiovascular diseases (CVD) [1], a leading cause of death in Europe [2]. Based
on 2020 data, CVD in Poland was associated with 41% of all deaths among women and
33% among men [3]. Preventing CVD on individual and population levels is one of the main
challenges for medical personnel and policy makers [4,5]. The European Society of Cardiol-
ogy (ESC) guidelines on CVD prevention put a great emphasis on non-pharmacological
interventions, i.e., screening for CVD markers and risk factors, maintaining adequate exer-
cise, diet modifications, weight reduction, identifying smokers and providing advice on
smoking cessation, diagnosing, and appropriate treatment of hypertension, hyperglycemia,
and hyperlipidemia [4].

Diet is one of the most important lifestyle factors in the development of CVD as it
can increase systemic inflammation [5]. The Mediterranean diet is the best studied diet
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in the world. It has been found that preventive use of a Mediterranean diet (or a Dietary
Approaches to Stop Hypertension-DASH diet) reduces the risk factors for CVD [4,6].
Results of epidemiological studies showed that healthy dietary patterns, i.e., a high in-
take of fruits, vegetables, legumes, whole grains, fish, low-fat dairy, and foods rich in
antioxidants (omega-3 fatty acids, flavonoids) is associated with a reduction of low-grade
inflammation, oxidative stress, and improved endothelial function [7-10]. On the other
hand, consumption of the Western-pattern diets, which is characterized by high intakes
of highly processed foods, simple carbohydrates, refined grains, red processed meats,
and foods rich in saturated fatty acids and sodium, has been associated with chronic
inflammation [11,12].

Dietary inflammatory index (DII) is a scoring algorithm based on an extensive review
of the literature from 1950 to 2010. In total, DII authors reviewed 1943 articles with
45 selected food parameters. Dietary inflammatory index score, developed to indicate the
inflammatory potential of a diet, can be associated with systemic inflammation [13,14] and
CVD indicators [15-17]. The DII authors evaluated the association of dietary components
with six inflammatory biomarkers i.e., interleukin-1p (IL-1$), IL-4, IL-6, IL-10, tumor
necrosis factor alpha (TNF-«), and C-Reactive Protein (CRP). The inflammatory potential
for each food parameter was scored according to whether it increased (+1), decreased (—1),
or had no effect on the six inflammatory biomarkers [18].

Shivappa et al. [19] reported a 36% increased risk of CVD incidence and mortality
among individuals with the highest DII scores (pro-inflammatory diet) compared to in-
dividuals with the lowest DII scores (anti-inflammatory diet). Despite the well-studied
association between inflammatory biomarkers and chronic inflammation-related disease
endpoints, the relationship between DII and intermediate biomarkers of cardiometabolic
health remains largely unknown.

A recent meta-analysis showed that adherence to a pro-inflammatory dietary pat-
tern had a significant positive association with 27 (71%) of the included health outcomes
(p < 0.005), however Class I evidence was identified only for myocardial infarction along
with a higher, i.e., more pro-inflammatory DII score. The strength of evidence was limited
for most health outcomes so there is a need for further research [20].

Recently, only a few studies have analyzed the association between the DII score and
cardiometabolic markers in the European population [15-17]. Given the fact that Poland
was classified as a country at high-risk of CVD [4], it is of utmost importance to use non-
invasive, concrete, rapid tools to identify individuals at high risk of developing CVD [21].
Besides, detailed identification of specific food groups according to their inflammatory po-
tential seems relevant to formulate appropriate dietary recommendations. The Atherogenic
index of plasma (AIP) and Castelli’s Risk Index (CRI) have been developed to estimate the
risk of CVD [21,22]. A recent study including data from the National Health and Nutrition
Examination Survey indicated that AIP may be a stronger predictor of cardiovascular risk
than individual cholesterol risk factors [23].

The aim of the study was to assess the inflammatory potential of the diets of par-
ticipants enrolled in the Polish arm of the Prospective Urban and Rural Epidemiological
(PURE) study, evaluate the association between the DII score with the dietary content, and
to determine the correlation of DII score with selected anthropometric parameters and
biochemical risk factors for CVD.

2. Materials and Methods
2.1. Study Population

The PURE study is an international cohort study which at baseline involved 153,996 adults
from 17 countries with different income levels. The Polish participants of the PURE study
were low-, middle- and high-income Polish adults. The inclusion criteria for the survey
were: age between 35-70 and a permanent place of residence in an urban or rural area of
the Lower Silesia in Poland. Individuals were recruited to the Polish arm of the PURE study
through the radio and television announcements. The aim of the study was to calculate
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the association between the urbanization level and CVD prevalence and risk factors. The
main results of the study have been previously published [24,25]. The first stage of the
study was conducted between 2007 and 2009 and included a food frequency questionnaire
(FFQ), blood draw, blood pressure measurements, spirometry, and anthropometric mea-
surements. There was a total of 2039 study participants. Individuals who did not meet
the criterion of adequate dietary energy intake (for men < 800 kcal, >4200 kcal, for women
< 600 kcal, >3500 kcal) were excluded. The above criteria were established in accordance
with recommendations [26]. In addition, participants were excluded from the study due to
missing data for more than one variable. Finally, a total of 1791 individuals were included
in the study.

2.2. Measurement of Cardiovascular Risk Factors

The concentrations of fasting glucose (FG), triglycerides (TG), high-density lipoprotein
(HDL-C), and total cholesterol (TC) were measured in venous blood samples. SPINREACT
enzymatic test kit (Sant Esteve De Bas, Girona, Spain), was used to measure HDL-C and
TG concentrations. If participants had a TG concentration lower than 400 mg/dL, low-
density lipoprotein cholesterol (LDL-C) was calculated based on the Friedewald equation
(LDL-C = TC — HDL-C — TG/5). Fasting glucose was measured after an overnight fasting
period with the Ascensia ENTRUST Glucometer kit (Bayer, Germany). The above variables
were expressed in mmol/L except for FG, which was expressed in mg/dL. Systolic and
diastolic blood pressure was measured with a certified automatic blood pressure monitor
(Omron HEM-711 IntelliSense, Tokyo, Japan) and expressed in mmHg. Study participants
were recommended to rest for 5 min before blood pressure measurement. In the PURE
study, blood pressure was measured twice. Waist circumference (WC) was measured
midway between the lowest rib and the upper iliac crest, with a standard measuring tape,
to the nearest 0.5 cm. Height (H) was measured without shoes, with a stadiometer, and
recorded to the nearest 0.5 cm. Weight (W) was measured without shoes or outer garments
to the nearest 0.1 kg using a body composition monitor Tanita BC-554 (Japan). Body mass
index (BMI) was calculated as weight in kilograms divided by height in meters squared,
according to the equation: BMI = W(kg) /H?(m?). Hip circumference was measured at the
level of the largest lateral extension of the hips and expressed in centimeters to the nearest
0.5 cm. Waist-to-hip ratio (WHR) was calculated as WC divided by hip measurement.

2.3. Atherogenic Lipid Indices

Lipid profile parameters were used to calculate the atherogenic indices (AIP and CRI).
The AIP was calculated as log TG (mg/dL)/HDL-C(mg/dL), where results <0.11 indicated
low, 0.11-0.21 moderate, and >0.21 increased risk of CVD. Castelli’s risk index was calcu-
lated as TC[mg/dL]/HDL-C[mg/dL], where results <3.5 indicated low, 2.5-4.5 moderate,
and >4.5 high risk of CVD [27].

2.4. Atherogenic Diet Index

To calculate the atherogenicity of daily food rations, we used the polyunsaturated
fatty acid (PUFA)g/saturated fatty acid (SFA)g equation. Assuming that dietary intake
of PUFAs should not be less than 6% of a person’s total energy consumption and of SFAs
up to 10%, the minimum value of the ratio should be 0.6, and the optimal ratio be above
1.0 [28,29].

2.5. Dietary Intake Assessment

Participants” habitual food intake was assessed with the FFQ, which was developed
and validated for the population of PURE study Lower Silesia [30]. The frequency of
consumption of selected foods was assessed with 10 possible responses: never, less than
once a month; 1-3 times a month, once a week, 2—4 times a week, 5-6 times a week, once
a day, 2-3 times a day, 4-5 times a day, and >6 times a day. The FFQ, which was country-
and culture-specific, asked about the average consumption during the year preceding
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the survey and assessed the frequency of consumption of 154 food products, which were
divided into 27 food groups (Table 1). The nutritional value of diets was calculated using
Polish national food composition tables [31]. The “Album of photographs of food products
and dishes” by the National Food and Nutrition Institute in Warsaw was used to determine
the average size of the consumed portion [32]. The FFQ and its standardization have been

described previously [33].

Table 1. Characteristics of the food groups.

No. Food Groups FFQ Dietary Products
. . Low-fat milk, 1-2% fat, milk, 3.2% fat, buttermilk, 0.5% fat, cocoa with milk, cottage cheese, quark,
E Milk and low-fat dairy fresh cheese, low-fat yoghurt, yogurt, 2-8% fat, kefir ¢ !
2 High-fat cheese and cream Feta cheese, hard cheese, cheese, “fromage” n;a;.tﬂ/:efktcheesc, Edam type, fat, cream, 12% fat, cream,
3. Fats without oils Margarine, soft, butter, lard, Finea/Masmix, mayonnaise
4 Fruits Apple, banana, grapefruit, grapes, tangerine, strawberries, kiwi fruit, lemon, orange, peach, pear,
' plum, raspberries
Beets, cooked, broccoli, green, cabbage, red (raw), cabbage, Shantung, cabbage, white (raw), cabbage,
white (boiled), carrot (fresh), carrot (boiled), cauliflower (raw), cauliflower (boiled with butter),
5 Vegetables chives, cucumber (raw), garlic (raw), lettuce, mushroom (fried), onion (raw), parsley, leaves,
! horseradish, pepper (cooked), pepper, red (raw), radish, tomato (raw), tomato (cooked), tomato
sauce, spinach (cooked), squash, summer (cooked), string beans (boiled),sweet corn (canned,
drained), shantung cabbage, salad with mayonnaise, sauerkraut salad, lettuce with sour cream salad
6. Legumes Beans, white (boiled), peas green (canned, drained)
7. Chips Potato (French fried)
8. Potatoes Potato (boiled), potato (mashed)
9 Red meat Beef steaks, pork, belly (no bone, boiled), pork cutlets (breaded, fried), organ meat (liver, tongue,
' heart), beef and pork minced cutlets (fried)
Beef, ham (cooked), Frankfurter/Hotdog, luncheon meat (pork), pork ham sausage Slaska
10. Processed red /mixed meat (pork, cooked), sausage Krakowska (pork and beef), sausage Biala (pork), sausage Szynkowa
(turkey), Head Cheese, white and black chicken pate (canned)
11. Low-fat poultry Low-fat poultry Chicken without skin (cooked /fried), turkey (roasted)
12. High-fat/processed poultry Chicken fillets (breaded, fried), chicken ham, chicken with skin (cooked/fried), turkey, ham
13. Fish Cod fillets (breaded and fried), herring in cream, mackerel (smoked)
14 Unrefined grains Rye, brown bread, wheat-rye bread with sunflower seeds, pasta (cooked), buckwheat groats (boiled),
: pearl barley groats (boiled), soup, milk with rolled oats
15 Refi . Wheat bread, rice (boiled), wheat rolls (kajzerki), wheat rolls (wroclawskie), wheat-rye bread /white
. efined grains bread. cold 1 R
read, cold cereal (cornflakes)
Baked beans with meat, cabbage leaves, stuffed, Polish dumplings, with meat, sauerkraut with
16. Mixed dishes sausage and meat (bigos, stewed), dumplings with potato filling (Ruskie, boiled), vegetable salad
(cooked with mayonnaise)
17 S Broth, soup with vegetables, soup, Krupnik with pearl barley groats, soup, Zurek sour rye, soup,
: oups tomato, soup, sauerkraut, soup, white bean
, soup, , soup,
18 Jui Orange juice, carrot juice, apple juice, grapefruit juice, blackcurrant juice, multifruit juice from Polish
X uices . R . :
fruits, multifruit juice from exotic fruits
19. Beverages Raspberry juice, fruits drink, soft drink (regular), soft drink (low calorie)
20. Alcohol Beer, red wine, vodka
21 S Ice cream, biscuits, yeast cake, short-cake, gingerbread cake, sponge cake, cheesecake (Krakowski),
. weets ! .
halva with vanilla, drops, sweets
22, Chocolate Bitter chocolate, milk chocolate
23. Sugar and honey Honey, sugar
24. Nuts, seeds and raisins Nuts, raisins, dried, seeds, walnuts
25. Eggs Eggs boiled/fried
26. Coffee Coffee
27. Tea Tea, green/herb, Tea, black

2.6. Demographic Factors

Place of residence was classified as rural or urban and education: elementary/unknown,
trade, and secondary/high school or university. The International Physical Activity Ques-
tionnaire (IPAQ) was used to calculate physical activity and expressed as metabolic equiva-
lent minutes per week. The number of metabolic equivalent (MET)-min/week lower than
600 was considered low, 600-3000—moderate, and above 3000—high [34]. Smoking status
was classified into 3 categories: non-smoker, ex-smoker, and current smoker.
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2.7. Calculation of Dietary Inflammatory Index

The DII is an algorithm developed to categorize various diets according to their
inflammatory potential. A modified and updated version of DII calculation designed by
Shivappa et al. [18] was used in this study. A detailed description of the updated DII has
been previously described [18]. DII was compiled based on an extensive review of the
literature from 1950 to 2010. In total, DII authors reviewed 1943 articles with 45 selected
food parameters. Authors of DII evaluated the association of dietary components with
6 inflammatory biomarkers (IL-1f3, IL-4, IL-6, IL-10, TNF-& and CRP). The inflammatory
potential for each food parameter was scored according to whether it increased (+1),
decreased (—1), or had no effect on 6 inflammatory biomarkers. Authors of DII calculated
the global daily average intake of each dietary food product, along with the standard
deviation, based on 11 data sets from around the world (USA, Australia, the Kingdom of
Bahrain, Denmark, India, Japan, New Zealand, Taiwan, South Korea, Mexico, and United
Kingdom). Dietary intake of the DII components was compared to the standard global as a
Z-score, which was achieved by subtracting the standard mean from the amount reported
and dividing this value by its standard deviation [18]. Then, this value was converted to
a centered percentile score. To achieve a symmetrical distribution with values centered
on 0 (null) and bounded between —1 (maximally anti-inflammatory) and +1 (maximally
pro-inflammatory), each percentile score was doubled and then ‘1’ was subtracted. The
centered percentile values were then multiplied by the overall pro- and anti-inflammatory
effect score for each dietary component. Finally, all results were summed. Higher scores
indicated that the diet was more pro-inflammatory, and lower DII scores represented a
more anti-inflammatory diet. Results ranged from 7.98 (maximally pro-inflammatory) to
—8.87 (maximally anti-inflammatory) [18]. Thirty-seven dietary food components and
products were used to calculate the DII score, including: 29 anti-inflammatory elements:
monounsaturated fatty acids (MUFAs), PUFAs, n-3 fatty acids, n-6 fatty acids, fiber, alcohol,
vitamins A, D, E, C, and By, 3-carotene, thiamine, riboflavin, niacin, folic acid, magnesium,
selenium, zing, flavan-3-ol, flavones, flavonols, flavonones, anthocyanidins, isoflavones,
caffeine, garlic, onion, green/black tea, and 8 pro-inflammatory elements: carbohydrates,
protein, total fat, SFAs, trans fat, cholesterol, iron, and vitamin By,. Energy-adjusted values
(the nutrient density method) were used to decrease the influence of different energy
intakes among study participants [35].

2.8. Statistical Analysis

Nominal variables are presented as n (% of group), continuous variables as mean 4= SD
or median (tercile [T]1; T3). Normality of distribution in subgroups was evaluated using
Kolmogorov-Smirnov test, skewness, and kurtosis values, and based on visual assessment
of histograms. Subgroups based on DII terciles were created. Comparison of parameters
between DII tercile groups was made using chi-square test for nominal variables and
with one-way ANOVA or Kruskal-Wallis test for continuous variables (as appropriate).
Post-hoc test (Tukey test for ANOVA and Dunn test for Kruskal-Wallis test) was used with
Bonferroni correction for multiple comparisons. Multivariate linear regression models
were used adjusting for covariates: age, sex, place of living, marital status, education,
smoking, alcohol, physical activity, and BMI. DII was included in regression models as
both continuous and factorial variables (terciles). Additionally, we carried out a test for
linear trend including the median value for each DII tercile as a continuous variable in the
regression model and after adjusting for above mentioned covariates, which is a common
approach in several studies from similar topics [36-39]. All tests were two-tailed with a
significance level of 0.05. Statistical analysis was conducted using R software (A language
and environment for statistical computing, version 3.5.1. R Foundation for Statistical
Computing, Vienna, Austria).

The power analysis was performed in relation to one-way ANOVA with fixed effect
and linear regression. Statistical significance level « = 0.05, N (sample size) = 1791,
k (number of subgroups) = 3, equal size of subgroups (n = 597) was assumed for calculation.
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It was conducted using the software G*Power (version 3.1.9.6). In the ANOVA power test,
the effect size f was used, which is defined as: f = o, /0, where oy, is the standard deviation
of the group mean y; and o, the common standard deviation within k groups. The power
analysis was calculated as 97%, which is much higher than 80%, considered commonly
acceptable power level [40]. The effect size in the multiple regression is expressed as
{2 = V5 / Vg, where Vs is the proportion of variance explained by a set of predictors, and Vg
is the residual of error variance (Vg + Vg = 1). The proportion of variance explained is given
by Vs = R? and the residual variance by Vg = 1 — R2. The power analysis was calculated as
99.5%, which is much higher than 80%, considered commonly acceptable power level [41].

3. Results

The mean DII score of study participants was —0.15 £ 2.89, indicating slightly anti-
inflammatory potential of their diets. The minimum DII score (anti-inflammatory) was
—7.85, and the maximum DII score (pro-inflammatory) was 7.32 (unset data). Table 2
presents socioeconomic and lifestyle characteristics of 1791 study participants who were
divided into terciles, according to the inflammatory potential of diets estimated by DII.
Differences were reported in mean DII scores, gender, place of residence, education, smok-
ing status, alcohol consumption, and physical activity level. The remaining data were not
considered statistically significant.

Table 2. Characteristics of 1791 participants of PURE Poland study population by dietary inflamma-
tory index (DII) terciles.

Total Group Tercile 1 Tercile 2 Tercile 3
n=1791 n =597 n =597 n=>597 P
DII, mean + SD —0.15 +2.89 —3.37 +1.44 —0.15 4+ 0.77 3.06 + 1.34 <0.001
Sex, n (%)
Female 1120 (62.5) 446 (74.7) 372 (62.3) 302 (50.6)
Male 671 (37.5) 151 (25.3) 225 (37.7) 295 (49.4) <0.001
Age, years, mean + SD 54.61 +9.80 54.87 + 8.63 54.35 £9.38 54.62 £11.21 0.656
Place of living, n (%)
Rural 699 (39.0) 115 (19.3) 236 (39.5) 348 (58.3)
Urban 1092 (61.0) 482 (80.7) 361 (60.5) 249 (41.7) <0.001
Marital status, n (%)
Married/living together 1334 (74.5) 435 (72.9) 449 (75.3) 450 (75.4)
Never married 129(7.2) 54 (9.0) 41 (6.9) 34(57) 0.290
Separated/divorced /widowed 327 (18.3) 108 (18.1) 106 (17.8) 113 (18.9)
Education, n (%)
Primary/trade 538 (30.0) 96 (16.1) 170 (28.5) 272 (45.6)
Secondary and high secondary 703 (39.3) 234 (39.2) 263 (44.1) 206 (34.5) <0.001
University 550 (30.7) 267 (44.7) 164 (27.5) 119 (19.9)
Smoking, n (%)
Currently Uses Tobacco Products 372 (20.8) 108 (18.1) 121 (20.3) 143 (24.0)
Formerly Used Tobacco Products 570 (31.8) 210(35.2) 195 (32.7) 165 (27.6) 0.029
Never Used Tobacco Products 849 (47.4) 279 (46.7) 281 (47.1) 289 (48.4)
Alcohol, n (%)
Currently use alcohol products 1237 (69.1) 426 (71.4) 404 (67.7) 407 (68.2)
Formerly used alcohol products 177 (9.9) 44 (7.4) 51 (8.5) 82 (13.7) 0.001
Never used alcohol products 377 (21.0) 127 (21.3) 142 (23.8) 108 (18.1)
Physical activity, n (%)
Low and moderate 505 (28.2) 202 (33.8) 170 (28.5) 133 (22.3)
High 1286 (71.8) 395 (66.2) 427 (71.5) 464 (77.7) <0.001

Tercile groups compared with chi-square test for nominal variables and with ANOVA analysis for age.
Table 3 presents the nutritional value and food groups according to DII terciles. The

average energy value, simple sugars, the proportion of energy from fats, SFAs, PUFAs, and
cholesterol were significantly higher in T3 compared to T1. In contrast, the proportion of
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energy from protein, carbohydrates, and MUFAs was significantly higher in T1 compared
to T3.

Table 3. Nutrients intake and food groups according to the terciles of the dietary inflammatory index
(DII) among 1791 participants of PURE Poland study population.

Parameter Total Group Tercile 1 Tercile 2 Tercile 3 r Post-Hoc
Nutrients intake
Energy (kcal/day) 2032.03 £ 657.34 1660.31 + 529.41 2011.53 + 614.86 242426 + 588.61 <0.001 1<2<3
Fiber (g/day) 30.72 £ 11.52 30.61 +11.92 31.13 +£12.37 30.41 + 10.16 0.542
Sugars (g/day) 91.58 + 40.27 77.00 £+ 32.90 89.68 + 38.54 108.08 + 42.59 <0.001 1<2<3
Protein intake (% energy) 15.08 £+ 2.12 15.55 +£2.17 15.08 +2.11 14.61 + 1.97 <0.001 1>2>3
Total fat intake (% energy) 31.99 + 5.75 29.41 +5.09 3163 +5.29 3494 + 546 <0.001 1<2<3
Carbohydrates intake (% energy) 54.32 + 6.77 5712+ 6.72 54.61 + 6.24 51.22 +5.98 <0.001 1>2>3
SFA (% energy) 12.37 £ 348 10.61 £2.58 12.02 +3.15 1447 +3.49 <0.001 1<2<3
PUFA (% energy) 10.87 +£2.13 10.11 +£2.13 10.83 + 2.00 11.69 + 1.96 <0.001 1<2<3
MUFA (% energy) 499 +1.04 511+1.16 5.02+1.01 4.83 + 0.92 <0.001 1>2,3
PUFA/SFA 0.44 4+ 0.15 0.51 +£0.16 044 +0.13 0.36 £ 0.12 <0.001 1>2>3
Cholesterol (mg/day) 277.62 £ 128,53 203.33 + 86.87 260.44 & 97.41 369.10 £ 135.54 <0.001 1<2<3
Food groups
Fruits (g/day) 293.44 + 184.37 332.84 4+ 201.11 297.71 + 185.60 249.79 + 154.02 <0.001 1>2>3
Vegetables (g/day) 281.40 +175.17 340.01 + 206.55 273.11 +172.99 231.10 4+ 116.29 <0.001 1>2>3
Legumes (g/day) 1738 (557;17.38) 1214 (557,17.38)  17.38(5.57;17.38)  17.38 (5.57:2395)  0.154
Fish (g/day) 1311 (656;17.56)  9.84 (6.56:16.98)  13.11 (6.56,17.56)  13.70 (9.8420.84)  <0.001  1,2<3
Beverages (g/day) 49.18 35.71 49.18 52.11 0.436
(16.39;250.00) (0.00;266.39) (16.39,212.82) (16.39;212.82)
. 101.29 81.97 101.29 114.75
Juices (g/day) (32.79;178.57) (16.39;139.93) (35.71;172.72) (49.18214.29) <0001 1<2<3
Refined grains (g/day) 75.57 + 62.94 41.53 +46.20 73.79 £57.32 111.39 + 63.49 <0.001 1<2<3
Unrefined grains (g/day) 63.96 + 47.54 65.64 + 46.07 67.13 +=51.99 59.12 + 43.89 0.008 1,2>3
Red meat (g/day) 2595+ 16.63 20.64 + 1440 2692 +17.15 30.30 + 16.76 <0.001 1<2<3
Processed red /mixed meat (g/day) 46.04 + 33.16 31.24 +23.75 43.99 + 29.88 62.89 + 36.58 <0.001 1<2<3
Low-fat poultry (g/day) 6.56 (0.00,14.29) 8.52 (1.97;14.29) 8.52(1.97;14.29) 6.56 (0.00;14.29) <0.001 1,2>3
High-fat/processed poultry (g/day) 43.11 + 31.39 33.43 +25.90 42.03 +30.73 53.88 + 33.66 <0.001 1<2<3
Mixed dishes (g/day) 3279 (19.67:4052)  26.23 (13.11,39.34)  32.79 (19.674052) 3279 (20.84:41.69)  <0.001  1<2,3
Soups (g/day) 24450 + 138.77 241.87 £ 156.71 253.30 &+ 142.95 238.33 £ 112.77 0.150
Sweets without chocolate (g/day) 38.04 + 28.82 25.09 +20.40 36.37 +26.39 52.67 + 31.57 <0.001 1<2<3
Chocolate (g/day) 6.56 (3.28;7.14) 3.28 (0.00;7.14) 6.56 (3.28,7.14) 656 (3.281042) <0001 1<2<3
Sugar and honey (g/day) 16.64 + 15.78 10.52 £12.30 16.96 £+ 1547 22.46 + 16.90 <0.001 1<2<3
Fats without oils (g/day) 19.81 +15.75 11.18 £7.94 17.31 £12.31 30.94 £ 18.04 <0.001 1<2<3
. . 152.14 117.50 147.86 190.27
Milk and low-fat dairy (72.83;290.46) (57.75;238.21) (65.74;285.71) (98.14;339.15) <0001 1<2<3
High-fat cheese and cream 33.97 +24.25 24.19 +19.39 33.36 + 23.70 44.36 + 24.98 <0.001 1<2<3
Potatoes 82,13 & 57.09 72.09 £ 54.85 86.40 & 57.60 87.90 &+ 57.52 <0.001 1<2,3
Chips 0.00 (0.00;7.54) 0.00 (0.00;7.54) 0.00 (0.00,7.54) 754(0.00,1643) <0001 1<2<3
Nuts, seeds and raisins 10.36 (1.43;14.69) 11.02 (5.44;18.20) 10.36 (2.57;14.80) 6.06 (0.00,11.24) <0.001 1>2>3
Alcohol 12.13 (0.00;49.67) 12.13 (0.00;47.14) 12.13 (0.00;47.14) 15.45 (0.00;56.45) 0.436
Eggs 19.29 (6.43,;19.29) 6.43 (2.95;19.29) 6.43 (6.43;19.29) 19.29 (6.43;19.29) <0.001 1<2<3
Coffee 326.77 + 264.55 344.47 + 27043 303.35 + 251.89 332.47 4+ 269.65 0.022 1>2
Tea 427.18 + 321.04 429.33 + 344.07 431.27 £323.93 42093 + 293.56 0.840

Data presented as mean #+ SD or median (tercile [T1];T3), depending on data distribution. Tercile groups compared
with ANOVA analysis or Kruskal-Wallis test. For ANOVA-post-hoc Tukey test was applied, for Kruskal-Wallis
test-post-hoc Dunn test was applied. PUFA: Polyunsaturated fatty acid, MUFA: Monounsaturated fatty acid, and
SFA: Saturated fatty acid. To calculate DII scores, energy-adjusted values (the nutrient density method) were used
to decrease the influence of different energy intakes among study participants.

The average PUFA /SFA ratio was most favorable in T1 compared to T3. Diets of
study participants in T1 had the highest content of fruits, vegetables, nuts, seeds, and
raisins compared to T3, and the lowest content of juices, refined cereals, processed and
unprocessed red meat, high-fat/processed poultry, sweets (total) and chocolate, fats except
for vegetable oils, low-fat milk and dairy, high-fat cheese and cream, potatoes, French
fries, and eggs. The content of unrefined cereals and low-fat poultry was similar in T1
and T2, and lower in T3. The content of mixed meals and potatoes was similar in T2
and T3. More fish was consumed by study participants in T3 compared to T1 and T2.
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Coffee consumption was higher in T1 compared to T2. The remaining components were
considered not statistically significant.

Table 4 presents the relationships between participants’ diets and DII scores, taking into
account confounding factors (age, sex, place of living, marital status, education, smoking
status, alcohol, physical activity, and BMI). The energy value of the diets, the intake of
simple sugars, the proportion of dietary energy from total fats, SFAs, PUFAs, and cholesterol
level were reflected by positive DII scores. The proportion of dietary energy from protein,
total carbohydrates, MUFAs, and the PUFA /SFA ratio was reflected by negative DII scores.

Table 4. Associations between dietary inflammatory index (DII) and diet ingredients in total study group.

DII Continuous *4 DII Terciles >4
Parameter p-Trend ¢
B 95%CI for B r T1 T2: B (95%CI) T3: B (95%CI)
Nutrients intake
Energy (kcal/day) 0.002 0.0018 to 0.0022 <0.001 Ref.  328.93 (261.65 to 396.22) 729.40 (657.38 to 801.41) <0.001
Fiber (g/day) 0.01 —0.003 t0 0.018 0.183 Ref. 0.81 (~0.52 t0 2.15) 071 (—0.72 t0 2.14) 0336
Sugars (g/day) 0.02 0.019 to 0.025 <0001 Ref. 12.83 (8.41 to 17.25) 31.29 (2656 to 36.02) <0.001
Protein intake (% energy) —0.21 ~027to —0.15 <0001  Ref.  —0.41 (—0.66to —0.17) —0.86 (—1.12 to —0.60) <0.001
Total fat intake (% energy) 019 0.170.0.21 <0001  Ref. 209 (1.49 to 2.71) 5.29 (463 to 5.94) <0.001
Carbohydrates intake (% energy) —0.14 —0.16 to —0.12 <0.001 Ref. —2.31 (-3.08 to —1.58) —5.42 (—6.20 to —4.64) <0.001
SFA (% energy) 039 0.36 0 0.42 <0001  Ref. 153 (117 to 1.88) 409 (3.71 to 4.47) <0.001
PUFA (% energy) 0.33 0.27 0 0.39 <0.001 Ref. 0.48 (0.25 to 0.71) 1.12 (0.87 to 1.36) <0.001
MUFA (% energy) —0.46 ~057to —0.34 <0.001 Ref.  —0.19(=0.31to —0.07) —0.48 (—0.60 to —0.35) <0.001
PUFA/SFA —827 —8.96 to —7.58 <0001  Ref.  —0.08(—0.09 to —0.06) —0.18 (—0.19 to —0.16) <0.001
Cholesterol (mg/day) 0.01 0.011 t0 0.013 <0001  Ref. 46.68 (3444 to 58.91) 144.62 (131.53 to 157.72) <0.001
Food groups
Fruits (g/day) —0.002 —0.002 to —0.001 <0001  Ref. —2280(—43.77to—1.83)  —5541 (=77.85 to —32.97) <0.001
Vegetables (g/day) —0.003 —0.003 to —0.002 <0001 Ref. —4647 (—65.77to —27.16)  —67.78 (—88.44 to —47.12) <0.001
Legumes (g/day) —0.007 —0.01 to 0.001 0.082 Ref. —152 (—3.43 10 0.38) —2.37 (=441 to —0.34) 0.023
Fish (g /day) 0.01 0.0003 to 0.02 0.045 Ref. —0.25 (—1.48 to 0.98) 1.41 (0.09 to 2.72) 0.035
Beverages (g/day) ~0.001 ~0.0007 to 0.001 0.084 Ref. —47.96 (~88.17to —7.76)  —44.49 (—87.52 to —1.45) 0.045
Juices (g/day) 0.002 0.001 to 0.002 0.001 Ref.  13.84(—1.69 t0 29.37) 25.83 (9.21 to 42.45) 0.002
Refined grains (g/day) 0017 0.015 to 0.019 <0001 Ref. 2551 (19.07 to 31.94) 57.28 (50.39 to 65.17) <0.001
Unrefined grains (g/day) —0.001 —0.003 to 0.002 0.582 Ref. 419 (~134t09.71) —0.87 (—6.78 t0 5.05) 0.759
Red meat (g/day) 0.03 0.02 to 0.04 <0001  Ref. 489 (3.05 to 6.73) 7.57 (559 to 9.54) <0.001
P“’Ccssed(g“;fié r“f“;“d meat 0.03 0.02 o 0.03 <0.001 Ref. 8.37 (4.98 to 11.77) 22.75 (19.12 to 26.38) <0.001
Low-fat poultry (g/day) —0.02 ~0.03 to —0.01 0.001 Ref. ~0.16 (—1.44 to 1.11) ~1.99 (—3.36 to —0.63) 0.004
High-fat/ f’g";’ée:;fd poultry 0.02 0.017 to 0.024 <0.001 Ref. 6.44 (2.98 to 9.90) 16.17 (12.47 to 19.87) <0.001
Mixed dishes (g/day) 0.01 0.001 t0 0.01 0.024 Ref. 324 (0.82 to 5.66) 2.09 (—0.50 to 4.68) 0.119
Soups (g/day) —0.001 —0.002 to 0.001 0.071 Ref. 259 (—13.58 to 18.75) —19.62 (—36.93 to —2.32) 0.025
Sweets “&g?‘g‘;‘v;}“’mlm 0.04 0.03 to 0.04 <0001 Ref. 1057 (7.51 to 13.63) 26.01 (22.74 to 29.29) <0.001
Chocolate (g/day) 0.05 0.04 to 0.06 <0.001 Ref. 4.55 (3.08 to 6.02) 7.96 (6.39 to 9.53) <0.001
Sugar and honey (g/day) 0.05 0.04 t0 0.05 <0.001 Ref. 539 (3.66 to 7.14) 10.03 (8.17 to 11.89) <0.001
Fats without oils (g/day) 0.09 0.09 0 0.10 <0.001 Ref. 5.7 (3.74 t0 6.79) 18.47 (16.83 to 20.10) <0.001
Milk and low-fat dairy (g/day) 0.003 0.003 to 0.004 <0001  Ref. 48.32 (24.79 to 71.84) 120.85 (95.68 to 146.03) <0.001
High-fat Elg‘jzs:yind cream 0.04 0.03 t0 0.05 <0.001  Ref. 1055 (7.93 to 13.18) 22,58 (19.77 to 25.39) <0001
Potatoes (g/ day) 0.005 0.003 to 0.007 <0.001 Ref. 13.22 (6.66 to 19.79) 16.19 (9.18 to 23.22) <0.001
Chips (g/day) 0.06 0.04 to 0.07 <0.001 Ref. 1.13 (0.18 t0 2.08) 3.46 (2.45 to 4.47) <0.001
Nuts, Se(egdfd";;‘f raising —0.006 —0.01 t0 0.01 0.075 Ref. 0.65 (—1.56 to 2.87) —2.55 (—4.92 to —0.17) 0.034
Alcohol (g/day) 0.002 0.001 to 0.003 0.002 Ref. 1070 (—2.91 to 24.32) 22.06 (749 to 36.64) 0.003
Eggs (g/day) 0.04 0.03 to 0.04 <0001  Ref. 1.04 (—0.62 to 2.70) 6.29 (452 to 8.08) <0.001
Coffee (g/day) —0.003 —0.01 to 0.001 0.895 Ref.  —37.19 (=66.59 to —7.80) —4.94 (—36.41 to 26.52) 0.779
Tea (g/day) —00004  —0.001 to —0.00001 0.046 Ref.  —14.60 (—51.96t02276)  —44.22 (—84.21 to —4.24) 0.030

@ Models with DII as a continuous variable. DII was included into each model as an independent variable with
diet parameters as dependent variables (one model for one dependent parameter); ® Models with DII as a factorial
parameter with 3 terciles (Tercile 1 as a baseline); © p-trend determined through the median approach; d Al
models adjusted for age, sex, place of living, marital status, education, smoking, alcohol, physical activity, and
BMI. Coding of covariates was according to categories in Table 2.

Pro-inflammatory diet, defined as T3, was negatively associated with the intake of
fruits, vegetables, legumes, beverages, low-fat poultry, soups, nuts, seeds, raisins, and
tea compared to their intake in T1. Participants in T3 consumed more fish, juices, refined
cereals, processed and unprocessed red meat, high-fat/processed poultry, sweets (including
chocolate), sugar and honey, fats except for vegetable oils, low-fat milk and dairy, high-fat
cheese and cream, potatoes, French fries, alcohol, and eggs.

36



Antioxidants 2023, 12, 285

9of 18

Table 5 compares DII scores with anthropometric, biochemical, and atherogenic risk
factors for CVD. In the group of women, significantly higher WC and WHR were associated
with more pro-inflammatory diets. TG concentrations were lower in T1 compared to T2
and T3. FG levels were significantly lower in T1 and T2 compared to T3. The mean value of
AIP in all study participants indicated an increased risk of developing CVD regardless of
the DII tercile. CRI was optimal in T1 group. Higher values of both indices were reported
in T2 and T3 compared to T1.

Table 5. Comparison of anthropometric, biochemical, and atherogenic risk factors of 1791 participants
of PURE Poland study population by dietary inflammatory index (DII) terciles.

Parameter Total Group Tercile 1 Tercile 2 Tercile 3 p Post-Hoc
Systolic blood pressure, mmHg 14532 42139 14636 +£2121 14530 +21.67  144.31 +21.27 0.253
Diastolic blood pressure, mmHg 85.87 £11.24 86.06 + 10.80 86.12 + 11.65 8543 +11.25 0.508
Waist circumference. cm Females 88.15 £ 13.53 87.35 £ 12.80 87.20 £ 13.29 89.90 + 14.33 0.009 1,2<3
¢ Males 99,23 + 12.49 98.06  11.97 99,53 + 10,96 100.10 + 14.27 0.206
Females 0.84 + 0.08 0.83 = 0.07 0.83 +0.08 0.85 £ 0.08 <0.001 1,2<3
WHR Males 0.96 £ 0.07 0.96 = 0.08 0.96 & 0.07 0.96 = 0.08 0.858
BMI, kg/m? 28.07 + 5.06 28.23 4 5.14 27.92 + 4.81 28.06 +5.24 0.579
TC, mmol/L 5,07 + 1.00 5.05 + 1.01 5.08 + 0.9 5.08 % 0.99 0.839
TG, mmol /L 1.40 + 0.74 132 +0.70 143 + 078 143 +0.74 0.009 1<2,3
HDLC, mmol/L Females 1.61 + 040 1.62 + 0.40 1.63 £ 0.40 159 + 0.40 0.321
g Males 1.33 +£0.33 132 +0.28 1.30 + 0.31 1.37 £ 0.37 0.089
) 96.00 94,00 95.00 97.00
Fasting glucose, mg/dL (88.00;105.00) (87.00;104.00) (88.00;105.00) (89.00;107.00) 0.001 L2<3
LDL-C, mmol/L 292 +0.92 288 +0.91 2.93 +0.92 2.95 + 0.92 0.423
Atherogenic index of plasma (AIP) 0,28 +0.28 0,25+ 0.28 0,30 +0.28 0,31 +0.28 <0.001 1<2,3
Castelli’s Risk Index (CRI) 3.56 & 1.09 342 £1.05 3.61+1.08 3.66 +1.11 <0.001 1<2,3

Data presented as mean + SD or median (T1;T3), depending on data distribution. Tercile groups compared with
ANOVA analysis or Kruskal-Wallis test. For ANOVA—post-hoc Tukey test was applied, for Kruskal-Wallis
test—post-hoc Dunn test was applied. WHR—waist-hip ratio; BMI—body mass index; TC—total cholesterol;
HDL-C—HDL cholesterol; LDL-C—LDL cholesterol; and TG—triglycerides.

4. Discussion

We evaluated the DII score to determine anti- and proinflammatory potential of a
diet (its energy value, proportion of energy from carbohydrates, proteins and fats, content
of dietary fiber, and cholesterol) in the context of CVD risk among residents of Lower
Silesia. According to the 2021 European Society of Cardiology (ESC) [4] guidelines on CVD
prevention, replacing SFAs with unsaturated fatty acids is associated with a reduced risk of
coronary heart disease (CHD) [42-44]. Long-chain fatty acids found in vegetable oils, i.e.,
palm oil (palmitic acid, C16:0), and in meat and dairy (palmitic acid and stearic acid, C18:0),
have been reported to activate a number of inflammatory pathways, including mitogen-
activated protein kinase (MAPK), high activation of the nuclear factor-kB (NF-kB), and
activator protein (AP)-1, which directly increases expression of toll-like receptors (TLRs),
leading toward an increased local and peripheral inflammation [10].

We reported a higher proportion of energy intake from SFAs in most pro-inflammatory
diets (B =4.09 Clos [3.71; 4.47], p < 0.001) which amounted to 14.47%. Similar results were
reported by other authors using the DII score calculation [16,45-47]. A higher proportion of
SFAs in pro-inflammatory diets (T3) can be related to the higher content of non-vegetable
fats (3 = 18.47 Clgs [18.63; 20.10], p < 0.001), which contribute to a higher risk of CHD [4]. In
addition, the PUFA /SFA ratio was the least favorable in T3, i.e., 0.36 £ 0.12/1, and its higher
values were negatively correlated with pro-inflammatory diet (3 = —0.18 Clos [-0.19; 0.16],
p < 0.001) compared to DII in T1. The optimal PUFA /SFA ratio should be above 1.0 [28,29].
Lower levels of SFAs in the diet are associated with decreased consumption of foods high
in dietary cholesterol whose higher intake increased with the inflammatory potential of
the diet (T3 vs. T1 = 144.62 Clgs5 [131.53; 157.72], p < 0.001). However, current guidelines
no longer recommend an upper limit for dietary cholesterol intake, but rather focus on
adopting healthy dietary patterns (e.g., the Mediterranean-style and DASH diets) which
are inherently low in cholesterol [48]. In other studies based on DII score calculation, higher
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cholesterol intake was associated with a pro-inflammatory diet [45-47]. Similarly, dietary
intake of eggs should be estimated according to the dietary pattern, because observations on
egg consumption may be associated with other dietary components. Eggs can be consumed
as part of an unhealthy dietary pattern, such as the Western pattern diet. In this study,
eggs were associated with an overall unhealthy diet (T1 compared to T2 B = 6.29 Clgs
[—4.52; 8.08], p < 0.001), similarly in other studies [49,50].

It is recommended to limit intake of added sugars to less than 10% of the daily total
energy intake [51,52]. Higher intake of added sugars is associated with poorer diet quality,
because consuming energy-dense foods low in nutrients leads to overweight and obesity
that, in turn, increase the risk of type 2 diabetes and CVD [52]. Besides, higher intake of
fructose causes dysbiosis of the microbiota, leading to an increased permeability of the gut
barrier [53]. In this study, the intake of simple sugars was higher in T3 compared to T1
(B = 31.29 Clygs [26.56; 36.02], p < 0.001). The Mean daily intake of foods containing simple
sugars was positively associated with T3 compared to T1, respectively: sweets except
for chocolate ( = 26.01 Clgs [22.74; 29.29]; p < 0.001), juices (3 = 25.83 Clgs [9.21; 42.54],
p = 0.002), sugar and honey (3 = 10.03 Clgs [8.17; 11.89], p < 0.001), and chocolate ( = 7.96
Clos [6.39; 9.53], p < 0.001), which was consistent with the results of other studies using the
DII score calculation [38,54].

Fruits, vegetables, and whole grain products are particularly recommended due to
their high nutritional value. They are rich dietary sources of carotenoids, vitamin C,
flavonoids, fiber, potassium, and magnesium [7,8]. Their higher intake is associated with
lower serum CRP levels and a lower risk of elevating other pro-inflammatory markers [10].
In our study using the DII score calculation, participants’ diets indicated as more pro-
inflammatory (T3) were negatively associated with fruits and vegetables intake compared
to diets indicated as more anti-inflammatory (T1) (B = —55.41 Clgs [-77.85; —32.97],
p <0.001, p = —67.78 Clgs [—88.44; —47.12], p < 0.001, respectively), which is consistent
with other studies using DII calculations [16,38,45,47,54]. Potatoes and French fries, which
were not classified as vegetables, were positively associated with a pro-inflammatory diet
(T3 vs. T1, respectively: p = 16.19 Clos [9.18; 23.22], p < 0.001; p = 3.46 Clys [2.45; 4.47],
p < 0.001). Potatoes, rich in amylopectin starch, have a high glycemic index (GI) and load.
The American Heart Association (AHA) guidelines state that dietary patterns rich in fruits
and vegetables, with the exception for potatoes, are associated with a reduced risk of
CVD [5].

Similarly, refined grains were positively associated with T3 compared to T1 (3 = 57.28
Clys [50.39;65.17], p < 0.001). Refined grains contain less dietary fiber, vitamins and minerals
than their whole grain counterparts, have a higher GI, and may increase inflammation [10,38,50].

In addition, a pro-inflammatory diet was positively associated with processed red/mixed
meat (3 = 22.75 Clgs [19.12; 26.38], p < 0.001), high fat/processed poultry (f = 16.17 Clgs
[12.47; 19.87], p < 0.001, respectively), and red meat (3 = 7.57 Clgs [5.59; 9.54], p < 0.001),
which is consistent with other studies using DII calculations [38,45,47,50]. According to the
2021 ESC guidelines on CVD prevention, consumption of processed and unprocessed meat
was associated with a higher risk of atherosclerotic cardiovascular disease (ASCVD) by,
respectively, 7% and 3% [52]. Besides, their lower consumption is additionally beneficial
due to salt intake reduction [4]. In this study, among all types of meat products, the pro-
inflammatory diet (T3) was negatively associated with low-fat poultry, a recommended
protein source in healthy dietary patterns (T3 compared to T1 p = —1.99 Clgs [—3.66; —0.63],
p = 0.004) [55].

The 2021 AHA [5] dietary guidance to improve cardiovascular health recommends
choosing mostly protein from plants (legumes and nuts). In our study, mean intake of
legumes and nuts was negatively associated with the pro-inflammatory diet compared
to the anti-inflammatory diet (respectively: § = —2.37 Clgs [—4.41; 0.34], p = 0.023 and
B = —2.55 Clgs [—4.92; —0.17], p = 0.034), similarly in other studies [16,45,50]. Most
legumes contain phytochemicals: bioactive compounds, including enzyme inhibitors,
phytohemagglutinins (lectins), phytoestrogens, oligosaccharides, saponins, and phenolic
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compounds, which may provide health benefits, protecting against diseases or disorders
such as CVD and inflammation [56]. The most abundant and active isoflavone in soy is
genistein, which acts as a natural selective estrogen receptors-f3 modulator and positively
regulates some cardiovascular risk markers [57]. Squadrito et al. [58] in a randomized
trial, including 120 postmenopausal women with metabolic syndrome (MetS), found
that one year of treatment with genistein improved surrogate endpoints associated with
risk for diabetes and CVD. Among three prospective cohorts of US men and women,
a higher intake of isoflavones and tofu was associated with a moderately lower risk of
developing CHD (isoflavones: pooled hazard ratio [HR] comparing the extreme quintiles:
0.87 [95%CI, 0.81-0.94]; p = 0.008, tofu: pooled HRs [95%ClIs] of 0.82 [0.70-0.95; p = 0.005]).
In addition, among women the favorable association of tofu was more pronounced in young
women and postmenopausal women without hormone therapy (Pinteraction = 0.002) [59].

In our study, dairy products, regardless of fat content, were positively associated
with pro-inflammatory diet. Park et al. [60] investigated the associations between dairy
product intake and hypertriglyceridemia in obese Korean adults, but a recent systematic
review [61] did not confirm any association between consumption of dairy products and a
pro-inflammatory effect in healthy individuals, or the association of low- and regular-fat
dairy consumption with higher risk of CVD, except for a positive association of high-fat
milk and an inverse association of cheese with CHD risk. In Spanish [16] and Mexican [50]
studies higher dairy intake was associated with anti-inflammatory diets, but the results of
the Italian study [45] were similar to our own.

Authors of epidemiological studies indicate decreased risk of CVD among abstainers
and that any amount of alcohol increases blood pressure and BMI [4]. In our study, alcohol
consumption was positively associated with a pro-inflammatory diet compared to an
anti-inflammatory diet (T3 compared to T1 = 22.06 Clgs [7.49;36.64], p = 0.003). In the
TOSCA.IT study, higher alcohol consumption was associated with a pro-inflammatory diet
(Q4) compared to an anti-inflammatory diet (Q1), p < 0.0001 [45]. However, an inverse
association was observed in the Diabetes Mellitus Survey administered in Mexico City
(DMS-MC), where alcohol intake in Q5 (pro-inflammatory diet) was lower than in Q1
(anti-inflammatory diet, p < 0.0001) [50].

In our study, higher intake of coffee was assessed in DII T1 compared to DII T2 and DII
T3, but after excluding confounding factors, only tea was negatively associated with DII T3
compared to DII T1. Contrasting results were obtained in the Korean study, where coffee
and tea intake was reduced in study participants with more pro-inflammatory diets [46].
Phenolic compounds found in coffee and tea have anti-inflammatory and antioxidant effects.
In addition to a reduction of pro-inflammatory markers (IL-1, IL-6, and TNF-«), phenolic
compounds also lower LDL-C oxidation, leading to decreased vascular inflammation, risk
of platelet aggregation, and a reduction in oxidative stress and nitric oxide (NO) effects [8].
However, according to the ESC 2021 guidelines, unfiltered coffee should be consumed in
moderation due to its lipid-raising components: kahweol and cafestol [62].

Our study raises some contentious issues regarding fish and soft drinks. According
to the ESC 2021 guidelines, it is recommended to avoid sweetened beverages, including
fruit juices, as well as sweetened carbonated and non-carbonated soft drinks [4,5]. In the
European Prospective Investigation into Cancer and Nutrition (EPIC) study, consumption
of artificially sweetened and sugar-sweetened soft drinks was associated with overall
mortality, and consumption of artificially sweetened soft drinks was directly associated with
CVD [51]. In our study, after excluding confounding factors, soft drinks were negatively
associated with a pro-inflammatory diet. In other studies based on DII scores, higher
consumption of soft drinks was associated with a more pro-inflammatory diet [38,47,50].

Oily fish should be consumed twice a week as a source of omega-3 fatty acids. How-
ever, in contrast to other analyses based on DII score calculations [16,38,45,50,54], in this
study overall mean fish consumption was higher in participants with a pro-inflammatory
diet (T3 compared to T1 3 = 1.41 Clgs [0.09; 2.72], p = 0.035). This can be associated with
the fact that half of the consumed fish (53.9%, unset data) was lean (i.e., cod) and processed
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(coated with batter and breading). The authors of another dietary inflammatory index
determining anti-inflammatory potential of diets classified fish as pro-inflammatory due to
inappropriate preparation methods [63]. A recent meta-analysis involving individual data
of 191,558 people from 58 countries found that eating 175 g of fish per week was associated
with a significant reduction in the risk of CVD events (16%) and decreased death rate (18%)
in secondary prevention. The benefits were observed only for oily fish, preferably not
fried [64]. Well-done or browned fried fish may have a stronger pro-inflammatory potential
and increase the risk of chronic diseases [65].

The Western pattern diet is characterized by a higher intake of proinflammatory (T3)
food products, i.e., refined grains, simple sugars, red and processed meat, eggs, high-fat
dairy, and low intake of fruits, vegetables, whole grains, nuts, or legumes [12]. This diet
contributes to weight gain and to the proliferation of visceral adipose tissue which, as
an endocrine organ significantly contributes to inflammatory processes by releasing pro-
inflammatory factors, including leptin, TNF- «, and IL-6 [10]. Besides, such diet is charac-
terized by a higher content of pro-inflammatory advanced glycation end-products (AGE's).
However, it is worth noting that the method of cooking (i.e., frying) has a significant impact
on AGE formation. Chronic low-grade systemic inflammation and a pro-inflammatory diet
may increase CVD risk and severity [8]. Plant-based (PB) diets are associated with good
health and are also recommended for environmental sustainability. The Mediterranean diet
has also been included in definitions of PB, due to the emphasis on some components [66].
Kent et al. [66] found that participants on the PB diet more often met recommended in-
takes of carbohydrates, dietary fiber, and vitamin E, and less often met recommendations
for protein, vitamin Bj,, and iodine compared to omnivores. Intakes of protein, omega-
3 fatty acids, iron, and zinc were sufficient from the PB diet. It is worth emphasizing
that the bioavailability of these nutrients is lower in PB diet compared to animal-derived
products [66]. Recent high-quality evidence supports the Mediterranean diet (rich ini.e.,
vegetables, fruits, wholegrains, legumes, nuts, and olive oil) in secondary prevention of
CVD with impacts on atherosclerosis progression. It may be caused by the reduction of
systemic inflammation, irrespective of changes in weight or cholesterol. The Mediterranean
diet is characterized by a low DII, showing its anti-inflammatory potential [67]. A healthy
balanced diet, adjusted energy intake, and expenditure to achieve and maintain a healthy
body weight with proper supplementation could provide a possible further strategy to effec-
tively prevent and control noncommunicable diseases. An et al. [68], in the 884 randomized
controlled intervention trials evaluating 27 types of micronutrients among 883,627 partici-
pants, found that omega-3 fatty acids supplementation decreased CVD mortality (relative
risk [RR]: 0.93; 95%CI: 0.88-0.97), myocardial infarction (RR: 0.85; 95%CI: 0.78-0.92), and
CHD events (RR: 0.86; 95%CI: 0.80-0.93). Folic acid supplementation decreased the stroke
risk (RR: 0.84; 95%CI: 0.72-0.97), and coenzyme Q10 supplementation decreased all-cause
mortality events (RR: 0.68; 95%CI: 0.49-0.94). Additionally, Pontes et al. [69], based on
twenty-six randomized controlled trials (n = 1720) found a significant effect of probiotics in
reducing body weight (mean deviation [MD]:—0.70 kg; 95%CI:—1.04, —0.35 kg; p < 0.0001),
BMI (MD:—0.24 kg/m?; 95%CL~—0.35, —0.12 kg/m?; p = 0.0001), WC (MD:-1.13 cm;
95%Cl:—1.54, —0.73 cm; p < 0.0001), fat mass (MD:=0.71 kg; 95%CI:—1.10, —0.32 kg;
p = 0.0004), TNF- (MD:—0.16 pg/mL; 95%CI:—0.24, —0.08 pg/mL; p = 0.0001), insulin
(MD:—0.85 mcU/mL; 95%CI:—1.50, —0.21 mcU/mL; p = 0.010), TC (MD:—0.16 mmol/L;
95%CI:—0.26, —0.05 mmol/L; p = 0.003), and LDL-C (MD:—0.09 mmol/L; 95%CI:-0.16,
—0.03 mmol/L; p = 0.006) compared with control groups. They observed a substantial
decrease in body weight, BMI, and WC using both single and multi-bacterial species.

In our study we also evaluated the association of the DII score with CVD risk param-
eters among urban and rural residents of Lower Silesia (Table 5). The anti-inflammatory
diet, according on DII score calculations, was associated with lower WHR and WC in the
group of women and lower TG, FG, and atherogenicity indices in the group of men and
women, confirming the benefits of an anti-inflammatory diet on CVD-related parameters.
In another Polish study, WC was associated with a pro-inflammatory diet, but only in the
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group of men [70]. Other study has also indicated an association between WC and WHR
with pro-inflammatory values on the DII [16].

Obesity is a low-grade chronic inflammation due to an imbalance between intake
and expenditure of energy. Similar to our study results, other authors have also found
an association between a pro-inflammatory diet and higher dietary energy expenditure
based on the DII score calculation [47,71]. The storage of excess energy in adipocytes
results in hyperplasia and hypertrophy adipose tissue, associated with the release of
macrophages secreting high levels of pro-inflammatory receptors toll-like receptors (TLRs),
tumor necrosis factor receptors (TNFRs), interleukin—1- receptor (IL-1R), and activation
of NF-kB transcription factors for pro-inflammatory molecules. As a further consequence,
low-grade inflammation can affect insulin sensitivity leading to impaired metabolism and
an increased risk of other non-communicable diseases [72,73]. In addition, excess lipids
are redirected into other organs (liver, skeletal muscle, and blood vessels), inducing the
expression of pro-inflammatory mediators, differentiation of monocytes into macrophages,
and M1 systemic macrophages recruitment. This may lead to a vicious cycle characterized
by increased central fat, intrahepatic fat accumulation, vascular inflammation, and impaired
endothelial function [74].

In our study, participants with DII T3 diets consumed more dietary energy from
fats. The consequences of an excessive fat intake high-fat diet (HFD), besides obesity,
hyperinsulinemia, dyslipidemia, comprise dysbiosis, gut barrier dysfunction, and increased
intestinal permeability, can strongly contribute to the development of low-grade systemic
inflammation [12]. The microbiome of the inhabitants of the Lower Silesia region is worth
assessing in future studies in order to better formulate dietary recommendations.

The Geelong Osteoporosis Study (GOS) involving 1363 men, found that the adjusted
odds ratio (OR, 95%CI) for CVD risk factors was 2.0 (1.01-3.96) for individuals with pro-
inflammatory diet compared to individuals with anti-inflammatory diet, as indicated by
higher DIl scores [75]. Similarly, authors of the Primary Prevention of Cardiovascular Dis-
ease with a Mediterranean Diet (PREDIMED) study, which included 7216 participants (men
aged 55-80 years and women aged 60-80 years) with high CVD risk, after medial follow-up
of 4.8 years, diagnosed CVD in 277 study participants consuming a pro-inflammatory diet.
The adjusted HR (95%CI) for CVD in Q4 vs. Q1 was 1.73 (1.15-2.60) [15]. In the SUN
study, the HR for participants between the highest (Q1) and the lowest quartile (Q5) was
2.03 (95%CI; 1.06-3.88), proving a linear trend with overall CVD risk [76]. In contrast, the
SU.VIMAX study, which included 7743 men and women (11.4-year follow-up), found
no statistically significant association between DII score and the risk of cardio-metabolic
disorders (CMDs) [17].

To the best of our knowledge, our study is the first to assess atherogenic indices
depending on DIl scores and accurately determine different product groups in DII terciles,
while considering demographic confounding factors. Recent studies have investigated
the association between a pro-inflammatory diet, as determined by DII score, and the
increased risk of dyslipidemia [71], elevated triglycerides/HDL-C, and apolipoprotein
(B) [77]. A Brazilian study [78] supported the hypothesis that a pro-inflammatory diet
is associated with a higher atherogenic risk in schoolchildren. Determination of athero-
genicity indices is a noteworthy method to complement cardiometabolic risk screening and
monitoring [27,79,80].

Due to the cross-sectional nature of the study, it was impossible to establish the as-
sociation between DII scores and selected CVD risk factors. However, this study design
allowed for the assessment of the relationship between the variables and establish man-
agement strategies to protect health. Moreover, it is unclear whether overweight or obese
individuals are more likely to choose pro-inflammatory diets, or whether pro-inflammatory
diets contribute to promoting obesity. This should be confirmed in prospective analyses.
The fact that this study was carried out with standardized methods and a validated high-
quality FFQ including 154 food products and dishes specific to the Lower Silesia region,
is a definite strength of the study. However, this method is limited, because some DII
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components were not included in the questionnaire (i.e., saffron, eugenol, ginger, turmeric,
pepper, rosemary, and thyme). However, this is the first cross-sectional study to determine
the inflammatory potential of the diets of Poland’s Lower Silesia inhabitants, in which
DII scores were calculated based on 37 food components and products. Also, due to the
cross-sectional nature of the study design, study results correspond to the actual dietary
habits of study participants.

So far, no studies have identified product groups specific to each DII tercile after
excluding confounding factors, as assessed in this study (Table 4). To conduct more
thorough analysis/get more accurate results, future studies should assess the role of
inflammatory markers. The results of this study are informative and provide an important
basis for further research on the quality of diet and nutrition.

5. Conclusions

Among participants with pro-inflammatory diets, we reported higher mean values of
TG, FG, API, and CRI in the group of men and women, and higher WC and WHR in the
group of women. Study participants on pro-inflammatory diets consumed more refined
grain products, sweets, juices, red meat, high-fat cheese and cream, alcohol, fats (except for
vegetable oils), potatoes, sugar and honey, French fries, fried fish, and processed /high-fat
poultry. Moreover, we reported higher consumption of milk, low-fat dairy, and eggs in
study participants with pro-inflammatory diets, which may be due to the fact that these
food products are associated with unhealthy dietary habits. However, their consumption
should not be considered as an independent CVD risk factor. Anthropometric and biochem-
ical parameters were more favorable among study participants whose diets had higher
content of vegetables, fruits, nuts, seeds, raisins, pulses, low-fat poultry, and tea. However,
the association of beverage consumption with dietary inflammatory potential requires
further study.
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Abstract: The aim of the study was to assess the relationship between the inflammatory potential
of the diets of residents of Lower Silesia, based on the Dietary Inflammatory Index (DII), with the
incidence of metabolic syndrome (MetS) and its components. Diets were characterized according
to DII terciles. The study group consisted of 1570 individuals enrolled in the Polish arm of the
Prospective Urban and Rural Epidemiological (PURE) study. Participants” diets in DII T1 (most
anti-inflammatory diet) had the highest intake of vegetables (except for potatoes), fruits, nuts and
seeds, low-calorie beverages, tea, and coffee (all p < 0.001). On the other hand, participants’ diets
in DII T3 (most pro-inflammatory diet) contained a lot of whole-fat products, refined cereals, fats
(except for vegetable oils), fruit juices, red meat, processed meat/meat products, sugar-sweetened
beverages, sweets, sugar, and honey (all p < 0.001). Overall, we did not find an increased prevalence
of MetS and its individual components in DII tercile 3 (T3) compared to DII tercile 1 (T1), except
for an increased prevalence of abnormal TG in DII T3 compared to T1 (OR 1.34; 95% CI = 1.01 to
1.78) in the crude model. In the adjusted model, a lower prevalence of abnormal fasting glucose (FG)
was found in DII T2 compared to DII T1 (OR 0.71; 95% CI = 00.54 to 0.94). Results of this study are
informative and provide an important basis for further research on the quality of diet and nutrition.

Keywords: Dietary Inflammatory Index; metabolic syndrome; inflammation; nutrition; PURE study

1. Introduction

Metabolic syndrome (MetS) is a major health hazard of modern world [1]. According
to the most current criteria accepted in 2009 by the International Diabetes Federation
(IDF), the American Heart Association and National Heart, Lung and Blood Institute
(AHA/NLBI) diagnose MetS if three of the following five features are found: elevated
blood pressure (BP), elevated fasting glucose (FG), elevated triglyceride (TG), abdominal
obesity, and reduced high-density lipoprotein cholesterol (HDL-C) [2]. Metabolic syndrome
is associated with the development of cardiovascular disease, diabetes, non-alcoholic fatty
liver disease, chronic kidney disease, some cancers, and even increased mortality [1,3-5].
Patients with MetS are at twice the risk of developing cardiovascular disease (CVD) over
the next 5-10 years and a 5-fold increase in risk for type 2 diabetes mellitus [2].

There are many factors and mechanisms in the development of MetS, including insulin
resistance, adipose tissue dysfunction, chronic inflammation, oxidative stress, abnormal
microbiota, and genetics [2,6]. Chronic inflammation is associated with insulin resistance
and visceral obesity. These factors are linked to the secretion of pro-inflammatory cytokines
interleukin-1 (IL-1), IL-6, tumor necrosis factor alpha (TNF-«), adiponectin, and leptin [7,8].
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This may be caused by a high-energy diet and cell death that induces local inflamma-
tion [6,9]. Inadequate dietary patterns have been linked to all metabolic disorders in MetS,
and all of MetS individual components are modifiable risk factors for the development
of CVD, meaning that making appropriate lifestyle changes can reduce the risk of their
occurrence [10,11].

Dietary patterns rich in fruits, vegetables, whole grains, nuts, legumes, fish, olive oil
and minimally processed foods, i.e., the Mediterranean and Dietary Approaches to Stop
Hypertension (DASH) diets, are associated with the lowering of systemic inflammation
and lower C-Reactive Protein (CRP) compared to unhealthy dietary patterns [12-14]. On
the other hand, the consumption of a Western diet, rich in processed foods, simple carbo-
hydrates, refined grains, red processed meat, saturated fatty acids, and sodium, leads to
chronic inflammation and increased CVDs markers [15,16].

The Dietary Inflammatory Index (DII) is a scoring algorithm to classify individuals’
diets according to their inflammatory potential [17]. The authors of DII evaluated the
association of dietary components with six inflammatory markers: IL-1p, IL-4, IL-6, IL-10,
TNF-a, and CRP [17]. Currently, there is an increasing number of studies on the association
between DII scores and the prevalence of MetS, but the obtained results are inconsis-
tent [18-23]. A 2021 umbrella review showed that anti-inflammatory dietary patterns play
a significant role in the prevention of chronic diseases [24]. However, studies on MetS
and DII were identified as having no evidence (Class V) with no statistical significance
using a p-value of > 0.05, except for MetS individual components whose associations were
identified as suggestive (for waist circumference, WC), or weak (for systolic BP and FG).

There are few studies that assessed dietary patterns with DIl among the Polish popula-
tion. Sokol et al. [18] examined the association between the DII and some MetS components
among the Polish population from a specific geographic region (Swietokrzyskie Province
and the city of Kielce). They found that mean waist-to-hip ratio (WHR) and diastolic blood
pressure were greater among those in DII quartile 4 compared to 1 [18]. Our study evaluates
the Polish population from Poland’s Lower Silesia Province and the city of Wroclaw. The
prevalence of MetS among residents of Wroclaw has been evaluated previously [25]. In
a randomized study by Ilow et al. [25] (n = 18,583) MetS occurred in 28.5% of the study
group and its prevalence increased with age.

The aim of the study was to evaluate the relationship between inflammatory potential
of the diets of urban and rural residents of Lower Silesia based on DII with the incidence of
MetS and its components. Diets were characterized according to DII terciles (T).

2. Materials and Methods
2.1. Study Population

The study group consisted of 1570 individuals enrolled in the Prospective Urban and
Rural Epidemiological (PURE) Poland sub-study. The inclusion criteria for the study were:
aged 35-70 and permanent residence in urban or rural area of the Lower Silesia region.
Individuals were recruited to the Polish arm of the PURE study through the radio and
television announcements. The aim of the study was to calculate the association between
urbanization and CVD prevalence. The main results of the study have been previously
published [26,27]. The first stage of the study was conducted between 2007 and 2009,
and it included a Food Frequency Questionnaire (FFQ), blood draws, BP measurements,
spirometry, and anthropometric measurements. There were a total of 2039 study par-
ticipants. Individuals who did not meet the criterion of adequate dietary energy intake
(for men <800 kcal, >4200 kcal, and for women <600 kcal, >3500 kcal) were excluded.
The study inclusion criteria were established in accordance with recommendations [28].
Participants were excluded from the study due to missing data for more than one variable
(n =221). Finally, a total of 1570 individuals were included in the study.
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2.2. Data Collection

The concentrations of FG, TG, and HDL-C were measured from venous blood samples.
A SPINREACT enzymatic test kit (Sant Esteve De Bas, Girona, Spain) was used to measure
HDL-C and TG concentrations. FG was measured after an overnight fasting period with the
Ascensia ENTRUST Glucometer kit (Bayer, Germany). The above variables were expressed
in mmol/L. Systolic and diastolic BP was measured with a certified automatic BP monitor
(Omron HEM-711 IntelliSense, Tokyo, Japan) and expressed in mm Hg. Study participants
were recommended to rest for 5 min before BP measurement.

In the PURE study, BP was measured twice. Waist circumference was measured once,
midway between the lowest rib and the upper iliac crest, with a standard measuring tape
to the nearest 0.5 cm.

2.3. Definition of the Metabolic Syndrome

The definition of MetS as declared by the IDE, and AHA /NLBI harmonized criteria
for MetS [2], was used for MetS diagnosis, comprising of the presence of three or more of
the following components:

e FG > 5.6 mmol/L (100 mg/dL), or drug treatment for elevated glucose;

e  Systolic BP > 130 mm Hg, or diastolic BP > 85 mm Hg, or antihypertensive drug
treatment for previously diagnosed hypertension;

e HDL-C < 1.0 mmol/L(40 mg/dL) in males and <1.3 mmol/L (50 mg/dL) in women,
or a history of drug treatment for this abnormality;

e WC > 80 cm in women and >94 cm in men [2].

2.4. Dietary Intake Assessment

Participants’ habitual food intake was assessed with the country- and culture-specific
FFQ, which was developed and validated for the population of PURE study from Lower
Silesia [29]. The FFQ asked about the average consumption of food products during the
year preceding the survey and assessed the frequency of consumption of 154 products,
which were divided into 26 food groups (Table 1) [30]. The frequency of consumption of
selected foods was assessed with 10 possible responses: never, less than once a month,
1-3 times a month, once a week, 2—4 times a week, 5-6 times a week, once a day, 2-3 times
a day, 4-5 times a day, and >6 times a day. The nutritional value of the diets was calculated
based on the Polish Food Composition Tables [31]. “The Album of photographs of food
products and dishes” developed by the National Food and Nutrition Institute in Warsaw
was used to determine the average size of the consumed portion [32]. The FFQ has been
published previously [33]. The place of residence was classified as rural or urban, and
education as elementary/unknown, trade, secondary/high school, or university. The
International Physical Activity Questionnaire (IPAQ) was used to calculate physical activity
and expressed as metabolic equivalent (MET) minutes per week. The number of MET-
min/week lower than 600 was considered low, 600-3000 as moderate, and above 3000 as
high [34]. Smoking status was classified into 3 categories: non-smoker, ex-smoker, and
current smoker.

Table 1. Characteristics of food groups [30].

No. Food Groups FFQ Dietary Products
1 Low-fat dairy products c ) Milkﬂ]—z% fat, Buttermilk 0.5% fat )
ocoa w/ milk 1-2% fat, Cottage cheese, Low-fat yoghurt, Kefir
Milk 3.2% fat, Milk 3.2% fat (from mixed dish—oatmeal w/ milk), Feta Greek cheese
2 Full-fat dairy products Granulated cottage cheese w/ sour cream, Cheese, Edam cheese, Fromage cheese,

Yoghurt 2-8% fat, Sour cream 12% fat, Sour cream 18% fat
Sour cream 18% fat (from mixed dish—salad w/sour cream)
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Table 1. Cont.

No. Food Groups FFQ Dietary Products
Whole-meal rye bread, Mixed bread w/ rye and wheat flour w/ sunflower seeds,
3. Whole grains Buckwheat groats, boiled, Barley groats, boiled, Pasta w/ durum, boiled, Oatmeal (from
mixed dish—oatmeal w/milk)
X . Wheat bread, white, White rice, boiled, Wheat roll, white, Mixed bread w/ rye and
4. Refined grains .
wheat flour, white, Cornflakes
5. Fats w/o oils Butter, Lard, Fat spread w/ butter, Mayonnaise, Margarine, soft
. Apple, Banana, Grapefruit, Grapes, Mandarin, Strawberries, Kiwi fruit, Lemon, Orange,
6. Raw fruit .
Pear, Peach, Prunes, Raspberries
7 Fruit iui Orange juice; Raspberry juice; Carrot juice; Apple juice; Grapefruit juice; Black currant
: ratjuees juice; Multifruit juice (local fruits); Multifruit juice (exotic fruits)
Cabbage red, raw; Chinese cabbage, raw; Cabbage white, raw; Carrot, raw
8 Raw vegetables Cauliflower, raw; Chives; Cucumber, raw; Garlic cloves, raw; Salad, leaves; Onion, raw
) g Parsley, leaves; Horseradish; Red pepper, raw; Radish; Tomato, raw; Sauerkraut salad
Chinese cabbage salad w/ mayonnaise; Salad (from mixed dish—salad w/ sour cream)
Kidney beans, cooked; Beetroot, cooked; Broccoli; Cabbage white, cooked; Carrot,
cooked; Cauliflower, cooked, w/butter; Mushrooms, fried; Red pepper, cooked
9. Cooked vegetables Tomatoes, cooked; Tomato passata; Spinach, cooked; Zucchini, cooked
Green beans, cooked; Corn, canned; Peas, canned; Salad of mixed cooked
vegetables w/ mayonnaise
10. Potatoes Potatoes, boiled; Potatoes, mashed; French fries
11. Lean meat Chicken w/ skin boiled/fried; Chicken w/ o skin boiled/fried Turkey, roasted
12. Red meat Beef, cutlets; Beef ham, boiled; Pork, bacon; Cutlets of ground beef and pork, fried; Offal
Meat w/ . X
13. breadcrumbs Chicken nuggets; Pork chops, w/ breadcrumbs
Chicken ham; Sausage; Luncheon meat, pork; Pork ham; Sausage, pork, smoked
14 Processed (traditional polish); Sausage, mixed beef/pork, smoked (traditional polish); Sausage,
’ meat/charcuterie pork, white, boiled (traditional polish); Turkey ham; Turkey sausage ham; Brawn;
Chicken paté
15. Eggs Eggs, boiled/ fried
16. Fish Codfish, fried, w/ breadcrumbs; Herring, w/ cream; Mackerel, smoked
Baked beans w/ tomato sauce; Meat and rice stuffed cabbage w/ tomato
17. Mixed dishes Sauce; Dumplings w/ meat, boiled; Dumplings w/ potatoes and cottage cheese,
Boiled; Sauerkraut and meat stew
18. Beverages w/ Fruit drink; Soft drink w/ added sugar
added sugar
19. Low-calorie Low-calorie soft drink
beverages
20. Tea, coffee Coffee; Tea, black; Tea, green/herb
21. Alcohol Beer; Wine; Vodka
29 Sweets Milk chocolate; Dark chocolate; Tea biscuit; Yeast cake; Shortbread cake; Gingerbread;
’ Pound cake; Cheesecake; Halvah; Caramel candy; Other sweets; Candy; Ice cream
23. Honey and sugar Honey; Sugar
24. Dried fruits Raisins
25. Nuts and seeds Walnuts; Other nuts; Seeds
2. Soups Broth; Sour rye soup; Vegetable soup; Barley soup; Tomato soup; Bean soup;

Sauerkraut soup

w/, with; w/o, without.
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2.5. Dietary Inflammatory Index (DID® Calculation

DIl is a scoring algorithm to classify individuals’ diets according to their inflammatory
potential. A modified and updated version of DII developed by Shivappa et al. [17] was
used in this study. Its detailed description has been described in Shivappa et al.’s [17]
publication. Authors of DII calculated the global daily intake of individual dietary food
components/food products, along with the standard deviation, based on 11 data sets from
around the world (USA, Australia, the Kingdom of Bahrain, Denmark, India, Japan, New
Zealand, Taiwan, South Korea, Mexico, and the UK). Dietary intake of the DII compo-
nents by study participants was compared to the standard global as a Z-score, which was
achieved by subtracting the standard mean from the amount reported and dividing this
value by its standard deviation [17]. Then, this value was converted to a centered percentile
score. To achieve a symmetrical distribution with values centered on 0 (null) and bounded
between —1 (maximally anti-inflammatory) and +1 (maximally pro-inflammatory), each
percentile score was doubled and then ‘1" was subtracted. The centered percentile values
were then multiplied by the overall pro- and anti-inflammatory effect score for each dietary
component. Finally, all results were summed up. Higher DII scores indicated that the diet
was more pro-inflammatory, and lower DII scores represented a more anti-inflammatory
diet. Thirty-seven dietary components and food products were used to calculate the DII
score, including 29 anti-inflammatory elements; monounsaturated fatty acids, polyun-
saturated fatty acids, n-3 fatty acids, n-6 fatty acids, fiber, alcohol, vitamins A, D, E, C,
and Bg, B-carotene, thiamine, riboflavin, niacin, folic acid, magnesium, selenium, zinc,
flavan-3-ol, flavones, flavonols, flavonones, anthocyanidins, isoflavones, caffeine, garlic,
onion, and green/black tea, and 8 pro-inflammatory elements; carbohydrates, protein, total
fat, saturated fatty acids, trans fat, cholesterol, iron, and vitamin Bj,. Energy-adjusted
values (the nutrient density method) were used to decrease the influence of different energy
intake among study participants [35].

2.6. Statistical Analysis

Nominal variables are presented as n (% of group), and continuous variables as
mean £ SD or median (T1; T3). Normality of distribution in subgroups was evaluated
using the Kolmogorov-Smirnov test, skewness, and kurtosis values, and were based on
visual assessment of histograms. Comparison of diet parameters between DII terciles
groups was made using one-way ANOVA or Kruskal-Wallis test (as appropriate). A post-
hoc test (Tukey test for ANOVA and Dunn test for Kruskal-Wallis test) was used with
Bonferroni correction for multiple comparisons. Additionally, logistic regression analysis
was used to determine odds ratios (ORs) with 95% confidence intervals (CIs) for metabolic
syndrome and its components according to the DII terciles. The bottom DII tercile (T1)
was used as a reference category. We created both univariate and multivariable models.
Multivariate models included age, sex, place of residence, education level, physical activity
level, smoking status, and body mass index (BMI) as potential confounders. All tests were
two-tailed with a significance level of 0.05. Statistical analysis was conducted using R
software (a language and environment for statistical computing, v. 3.5.1. R Foundation for
Statistical Computing, Vienna, Austria).

2.7. Ethical Approval

The study has been approved by the Polish Ethics Committee (No. KB-443/2006). All
participants were volunteers and signed an informed consent form prior to all examinations.
All participants were examined according to the global PURE [36] study protocol.

3. Results

Table 2 presents characteristics of the study group (n = 1570); socio-demographic,
anthropometric, lifestyle-related data (smoking status, physical activity), prevalence of
MetS and its components, as well as DII scores of participants’ diets. More than half of
the study participants were women (n = 1000). The mean age of the study group was
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54.65 + 9.83. The mean BMI was 28.17 & 5.15. Most of participants (74.3%) were married
or cohabiting. More than half of the study participants had a high school education or less
(70.8%) and reported smoking cigarettes currently or in the past, with men being more
likely to smoke (64.8% vs. 55.3%). Most of Lower Silesia inhabitants (79.2%) declared
current or previous alcohol consumption. The mean DII score in the study group was
—0.11 &+ 2.91. A significantly lower DII score was found in the group of women compared
to the group of men (—0.61 £ 2.88 vs 0.77 & 2.75, p < 0.001). The minimum DII score was
—7.88, and the maximum DII score was 7.33. Metabolic syndrome was diagnosed in 42.3%
of the study participants. The prevalence of MetS and its components was as follows: MetS
(42.3%); BP (77.6%); WC (69.7%); HDL-C (19.7%); TG (24.6%); and FG (39.1%). Metabolic
syndrome and abnormal levels of BP and TG were significantly more frequent in the group
of men compared to the group of women (46.1% vs. 40.1%; 88.4% vs. 71.4%; 30.7% vs. 1.2%,
respectively). Abnormal HDL-C levels were significantly more frequent in the group of
women compared to the group of men (23.4% vs 13.3%). Other MetS components were not
statistically significant.

Table 2. Characteristics of study group by sex and total.

,,f);;lyo Females n = 1000 :’[:}:750 p*
Age, years, mean + SD 54.65 + 9.83 54.90 +9.74 54.22 +9.99 0.193
BMI, [kg/m?] mean + SD 28.17 +5.15 27.84 £5.39 28.75 + 4.66 0.001
Place of living, 1 (%)
Rural 685 (43.6) 443 (44.3) 242 (42.5)
Urban 885 (56.4) 557 (55.7) 328 (57.5) 0512
Marital status, 1 (%)
Married / living together 1166 (74.3) 667 (66.7) 499 (87.5)
Never married 112 (7.1) 75 (7.5) 37 (6.5) <0.001
Separated / divorced / widowed 291 (18.5) 258 (25.8) 33(5.8)
Education, 1 (%)
Primary/trade 499 (31.8) 305 (30.5) 194 (34.0)
Secondary and high secondary 612 (39.0) 414 (414) 198 (34.7) 0.034
University 459 (29.2) 281 (28.1) 178 (31.2)
Smoking, 1 (%)
Currently Uses Tobacco Products 332 (21.1) 200 (20.0) 132 (23.2)
Formerly Used Tobacco Products 490 (31.2) 253 (25.3) 237 (41.6) <0.001
Never Used Tobacco Products 748 (47.6) 547 (54.7) 201 (35.3)
Alcohol, 1 (%)
Currently use alcohol products 1081 (68.9) 633 (63.3) 448 (78.6)
Formerly used alcohol products 162 (10.3) 98 (9.8) 64 (11.2) <0.001
Never used alcohol products 327 (20.8) 269 (26.9) 58 (10.2)
Physical activity, 1 (%)
Low and moderate 418 (26.6) 254 (25.4) 164 (28.8)
High 1152 (73.4) 746 (74.6) 406 (71.2) 0.163
DIIL mean + SD —0.11+291 —0.61 £2.88 077 £2.75 <0.001
DII, (min; max) —788t07.33 —7.88t06.70 —6.75t07.33
Metabolic syndrome, 1 (%) 664 (42.3) 401 (40.1) 236 (46,1) 0.023
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Table 2. Cont.

» Ioltglm Females n = 1000 'i\'ialse;su p*
Waist Component, 1 (%) 1094 (69.7) 698 (69.8) 396 (69.5) 0.938
BP Component, 1 (%) 1218 (77.6) 714 (714) 504 (88.4) <0.001
FG Component, 1 (%) 614 (39.1) 379 (37.9) 235 (41.2) 0.213
TG Component, n (%) 387 (24.6) 212 (21.2) 175 (30.7) <0.001
HDL Component, 1 (%) 310 (19.7) 234 (23.4) 76 (13.3) <0.001

Groups compared with chi-square test for nominal variables and with t-test for continuous variables. * Statistical
difference between groups of females and males. A p-value of <0.05 is considered statistically significant. Waist
Circumference of >94 cm for males or >80 for females. A blood pressure (BP) component of >130 is systolic or
>85 is diastolic. High-density lipoprotein (HDL-C) is <40 mg/dL in men and <50 in women. The triglyceride (TG)
component is >149 mg/dL. The fasting glucose (FG) component is >99 mg/dL.

Table 3 presents detailed characteristics of participants” diets according to the DII
terciles. Diets were assessed by calculating DII scores and then divided into terciles. The
most anti-inflammatory diet (T1) ranged from —7.88 to —1.53, the moderate diet (T2) from
—1.52 to 1.21, and the most proinflammatory diet (T3) from 1.22 to 7.33. Participants’ diets
in T1 had the highest intake of vegetables (except for potatoes), fruits, nuts and seeds,
low-calorie beverages, tea, and coffee. Pro-inflammatory diets (T3) had the highest intake
of whole-fat foods, refined cereals, fats except for vegetable oils (butter, lard, fat spread,
mayonnaise, soft margarine), fruit juices, red meat, processed meat, sugar-sweetened
beverages, sweets, sugar, and honey. Moderate and pro-inflammatory diets (T2 and T3)
had a similar intake of potatoes, breaded meat, boiled and fried eggs, mixed dishes, and
soups. Fish intake was similar in T1 and T2. The remaining food components were not
statistically significant.

Table 3. Comparison of diet parameters (g/day) between DII terciles in total study group.

No. Parameter Total Group Tercile 1 Tercile 2 Tercile 3 p Post-Hoc
1 Low-fat dairy 81.36 (39.22; 83.50 (40.00; 86.43 (37.07; 74.93 (42.14; 0.145
Products 178.58) 192.58) 209.70) 142.82)

I I T T L AT g
3 Whole grains 48.;1;5133(;‘00; 51,32.(5239).98; 492(;;229),65; 46,17;;35(;,67; 0.097

b Refmedgans  ORCS B0 @I WG g 1o
s Fawool V0 UGS DRI BEGN 0 1o
T e
A A
8. Raw vegetables 1341'23(9901)'54; 169'27:2%})1 2L 1281';?.2874;'49; 1221'2;2%2)'84; <0.001 1>2>3
o Gl Waem o mome WmIoe mEcn  gm
10. Potatoes 88.77 + 57.66 75.58 £ 54.92 94.66 £ 58.60 96.06 £ 57.23 <0.001 1<23
11 Lean meat 15.2:;173).11; 14.5‘;'(517(;.84; 15.2?;(5173).11; 15.23;114).29; 0102
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No. Parameter Total Group Tercile 1 Tercile 2 Tercile 3 p Post-Hoc
18.57 (10.84; 15.08 (8.52; 17.70 (10.84; 22.04 (13.47;
12. Red meat 28.59) 24.19) 28.59) 31.69) <0.001 1<2<3
Meat w/ 20.84 (13.11; 14.29 (6.56; 20.84 (13.11; 20.84 (13.11;
13. breadcrumbs 28.57) 20.84) 28.57) 28.57) <0.001 1<23
Processed 50.07 (29.39; 36.27 (20.32; 46.24 (30.48; 86.08 (42.61;
14 meat/charcuterie  89.33) 55.75) 80.56) 127.94) <0.001 1<2<3
19.29 (6.43; 6.43 (2.95; 19.29 (6.43; 19.29 (6.43;
15 Eggs 19.29) 19.29) 19.29) 19.29) <0.001 1<23
. 13.11 (6.56; 9.84 (6.56; 13.11 (6.56; 14.29 (9.84;
16. Fish 20.84) 16.98) 17.56) 20.84) <0.001 1.2<3
. . 26.23 (13.11; 19.67 (6.56; 26.23 (14.29; 26.23 (19.67;
17. Mixed dishes 33.96) 28.57) 33.96) 33.96) <0.001 1<23
Beverages w/
14.29 (6.56; 6.56 (0.00; 15.34 (6.56; 16.39 (6.56;
18. added £2.27) 22.95) 42.27) 50.00) <0.001 1<2<3
sugar
Low-calorie 0.00 (0.00; 0.00 (0.00; 0.00 (0.00; '
19. beverages 35.71) 250.00) 35.71) 0.00 (0.00; 0.00) <0.001 1>2>3
1081.96 +
20. Tea, coffee 952.58 + 459.02 509.61 903.61 + 438.31 872.26 + 394.32 <0.001 1>23
9.31 (0.00; 9.31 (0.00; 9.31 (0.00; 12.13 (0.00;
2L Alcohol 47.14) 47.14) 42.63) 49.96) 0.354
41.48 (23.13; 26.09 (13.44; 40.76 (25.65; 58.39 (40.43;
22. Sweets 63.36) £3.01) 61.41) 82.28) <0.001 1<2<3
Honey and 15.43 (2.86; 6.86 (1.31; 16.00 (3.91; 1731 (9.71;
2. sugar 21.14) 16.00) 22.29) 40.00) <0.001 1<2<3
24. Dried fruits 4.92(0.00;4.92) 4.92(0.00;4.92) 4.92(0.00;4.92) 4.92(0.00; 4.92) 0.073
25. Nuts and seeds  5.44 (0.00; 9.00) 612 5318;13; 544 (0.52;9.33) 1.95(0.00; 6.10) <0.001 1>2>3
223.89 (162.06;  214.52(157.38;  228.57 (162.06;  245.43 (183.61;
26. Soups 307.26) 307.25) 317.92) 281.03) 0.026 1<23
w/, with; w/o, without; DII: Dietary Inflammatory Index. Data presented as mean + SD or median (T1;T3),
depending on data distribution. Tercile groups compared with ANOVA analysis or Kruskall-Wallis test. For
ANOVA—a post-hoc Tukey test was applied, and for Kruskall-Wallis test—a post-hoc Dunn test was applied.
Table 4 presents logistic regressions of MetS and its components according to the DII
tertiles. Age, sex, place of living, education, physical activity, smoking status, and BMI
were excluded as confounders. Overall, in the crude model we did not find an increased
prevalence of MetS and its components in T3 compared to T1, except for increased TG
levels (OR 1.34; 95% CI = 1.01 to 1.78). In the adjusted model, we found a lower prevalence
of FG in T2 compared to T1 (OR 0.71; 95% CI = 00.54 to 0.94).
Table 4. Logistic regression odds ratio of metabolic syndrome and its components by DII terciles.
DII Tercile Present n (%) Absent 1 (%) OR (95% CI) Adjusted OR (95% CI) 1
Metabolic syndrome
1 216 (32.5) 307 (33.9) Ref. Ref.
2 218 (32.8) 306 (33.8) 1.01 (0.79 to 1.29) 0.92 (0.69 to 1.23)
3 230 (34.6) 293 (32.3) 1.12 (0.87 to 1.43) 0.77 (0.56 to 1.06)
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Table 4. Cont.

DII Tercile Present n (%) Absent 1 (%) OR (95% CI) Adjusted OR (95% CI) !

Raised WC

1 362 (33.1) 161(33.8) Ref. Ref.

2 356 (32.5) 168 (35.3) 0.94 (0.73 to 1.22) 1.02 (0.68 to 1.54)

3 376 (34.4) 147 (30.9) 1.14 (0.87 to 1.49) 1.22 (0.79 to 1.90)
Raised BP

1 416 (34.2) 107 (30.4) Ref. Ref.

2 394 (32.3) 130 (36.9) 0.78 (0.58 to 1.04) 0.83 (0.59 to 1.15)

3 408 (33.5) 115(32.7) 0.91 (0.68 to 1.23) 0.90 (0.63 to 1.29)

Reduced HDL-C

1 95 (30.6) 428 (34.0) Ref. Ref.

2 113 (36.5) 411 (32.6) 1.24 (0.91 to 1.68) 1.27 (091 to 1.77)

3 102 (32.9) 421 (33.4) 1.09 (0.80 to 1.49) 1.02 (0.71 to 1.47)
Raised TG

1 113 (29.2) 410 (34.7) Ref. Ref.

2 133 (34.4) 391 (33.1) 1.23 (0.93 to 1.65) 1.14 (0.83 to 1.55)

3 141 (36.4) 382(32.3) 1.34 (1.01 to 1.78) 1.01 (0.73 to 1.41)
Raised FG

1 204 (33.2) 319 (33.4) Ref. Ref.

2 186 (30.3) 338 (35.4) 0.86 (0.67 to 1.11) 0.71 (0.54 to 0.94)

3 224 (36.5) 299 (31.3) 1.17 (0.92 to 1.50) 0.78 (0.58 to 1.05)

DIL Dietary Inflammatory Index; OR: odds ratio; CI: confidence interval; Ref.: reference; BP, blood pressure;
FG, fasting glucose; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; WC, waist circumference.
1 logistic regression models adjusted for sex, age, BMI, place of residence, education level, physical activity level,
and smoking.

4. Discussion

We found no significant association between the inflammatory potential of the diet
assessed by the DII and the risk of MetS. In this study, the prevalence of MetS was higher
(i.e., 42.3% overall, 40.1% among women, and 42.3% among men) than in other studies
conducted in the Polish population [18,25], which may be related to adopting different
criteria. Our study adopted the IDF definition of MetS for Europeans [2,37]. Also, no
association between the DII and MetS was reported in another Polish cross-sectional study
conducted among inhabitants of Poland’s Swietokrzyskie Province and the city of Kielce,
whose authors [18] observed an increased prevalence of abnormal WC among men in
the DII quartile 4 (Q4) compared to those in quartile 1 (OR = 1.65; 95%CI = 1.01 to 2.69).
Moreover, no association between the DII and MetS was reported in few European studies:
the cross-sectional study “Observation of Cardiovascular Risk Factors in Luxembourg”
(ORISCAV-LUX, n = 1352) [19] and the Spanish prospective study “Seguimiento Universi-
dad de Navarra” (SUN) [23]. The ORISCAV-LUX study [19] found the association between
proinflammatory DII scores (>1) and increased adjusted odds of having a low HDL-C.
However, authors of the SUN study (median follow-up of 8.3 years, n = 6851), observed a
significant association of a pro-vegetarian diet with a lower risk for developing MetS, but
no significant association between DII and MetS [23].

In America, the authors of “The Buffalo Cardio-Metabolic Occupational Police Stress”
(BCOPS, n = 464) found no correlation between a pro-inflammatory diet assessed by DII
and MetS (OR for DII Q4 compared to Q1 = 0.87, 95% CI = 0.46-1.63) [38]. They reported a
more prevalent glucose intolerance component among police officers in DIl Q4 compared

r
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to Q1. Another study conducted on the Brazilian population (2017 adults) reported a mean
DIl score of 1.10, which indicates a pro-inflammatory diet, but no correlation between MetS
and the DII score (men: prevalence ratio [PR], 0.98; 95% CI, 0.91-1.07; women: PR, 1.05;
95% CI, 0.91-1.20) [39].

In Asia, Ren et al. [40] reported a relatively limited association between the DII and
the prevalence of MetS (with the exception of BP) among adults in eight cities in China.
Similarly, in a study conducted among the Lebanese population (1 = 336) [41] and in the
Fasa Cohort Study (FACS) [42] conducted in Iran (1 = 10,017), no significant association
was reported between the DII and the prevalence of MetS.

However, there are a number of studies that have found a significant association
between the DII score and MetS. In Europe, the authors of a French prospective study “the
Supplémentation en Vitamines et Minéraux Antioxidants” (SU.VLMAX, n = 3726) found
an association between higher DII scores and a higher risk of developing MetS (OR for DII
Q4 compared to Q1: 1.39; 95% CI = 1.01 to 1.92) [20]. In a 13-year follow-up, individuals in
Q4 were more likely have higher systolic and diastolic BP, TG, and HDL-C [20]. A study
conducted in the Irish population (Mitchelstown cohort, n = 3043) found an association of
a pro-inflammatory diet with some MetS components, i.e., HDL-C, TG, FG, WC, and an
overall association of MetS with higher DII scores (OR 1.37,95% CI 1.01 to 1.88, p < 0.05) [22].
In the Croatian study, MetS prevalence of 25% was significantly associated with a pro-
inflammatory diet as measured by DII [mean (SD) 3.28 (1.45); p < 0.01]. Multivariable
logistic regression analysis showed a statistically positive association for a one-unit increase
in the DII and MetS prevalence (OR = 2.31; 95% CI = 1.61-3.31), and elevated BP [21].

In America, the association between MetS and the DII was also observed in the cross-
sectional US National Health and Nutrition Examination Survey (1 = 17,689; OR for DII Q4
compared to Q1 = 1.65, 95% CI 1.44 to 1.89) whose authors found that the TG/HDL-C ratio,
obesity, and high-sensitivity C-reactive protein (hsCRP) increased across DII quartiles [43].
The only exception was HDL-C levels, which decreased across DII quartiles. Two Mexican
studies (1 =334 and n = 399) also confirmed the association of a pro-inflammatory diet with
MetS [44,45]. Similarly, a study conducted in Latin America populations (r = 276) found a
significant association between higher DII scores and MetS and/or cardiometabolic risk
components: WC and diastolic BP [46].

In Asia, an association of pro-inflammatory outcomes evaluated by the DII score and
MetS was observed in northern China [47], Iran [48,49], and Korea [50,51].

We observed a higher prevalence of increased TG across DII terciles (T1 vs. T3 OR
1.34 95% CI: 1.01-1.78), but after adjusting for confounding factors, this association was no
longer statistically significant. Our logistic regression model was adjusted according to the
criteria published by Qian Yi et al. [52] (BMI and physical activity, without the total energy
intake). In addition, the model was adjusted for education, place of residence, smoking,
and gender, which are important socioeconomic risk factors for CVD [53]. Increased
risk of higher TG levels due to a more pro-inflammatory diet has also been shown in
other studies [20,44,46-48]. In our study, a pro-inflammatory diet was characterized by
a higher intake of red meat compared to the anti-inflammatory diet. Saturated fatty
acids in processed red meat have been reported to activate a number of inflammatory
pathways (mitogen-activated protein kinases (MAPK), nuclear factor kappa-B (NF-kB),
and activator protein (AP)-1)), which may be associated with increased TG reserves in
adipose tissue [54,55]. Similarly, the diets of participants in T3 had the highest intake of
food products containing fructose, which is thought to induce lipid accumulation and
hypertriglyceridemia, resulting in inflammation and hepatic steatosis [55,56]. Our study
assessed the higher prevalence of abnormal FG in the anti-inflammatory diet (T1), which
may be related to the cross-sectional nature of the study. Patients who were informed about
their abnormal FG levels may have made some dietary changes before participating in the
study, but the time was too short for these changes to be observed.

An anti-inflammatory diet (lower DII score) was characterized by a higher intake
of vegetables, fruits, nuts, seeds, and fish. A pro-inflammatory diet, on the other hand,
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contained a lot of whole-fat foods, refined cereals, fats, fruit juices, red meat, processed
meat, sugar-sweetened beverages, sweets, sugar, and honey [15,16]. Similar findings have
been observed by other researchers comparing MetS and DII [22,44]. A so-called Western
diet causes chronic inflammation and increases CVDs markers. Therefore, it is important to
provide patients with appropriate dietary counseling to change their eating habits [15,16].

The cross-sectional nature of the study did not allow us to assess the causal association
between the DII and MetS, which needs to be further confirmed in prospective studies. In
addition, study participants were recruited through radio and television announcements,
making the study sample not representative of the target population. The fact that this
study was carried out with standardized methods and a validated high-quality FFQ, which
included 154 food products and dishes specific to the Lower Silesian region, is a definite
strength of the study. However, the above method in this study is limited because some
DII components were not included in the questionnaire (saffron, eugenol, ginger, turmeric,
pepper, rosemary, and thyme). This is the first cross-sectional study to determine the
inflammatory potential of the diets of Poland’s Lower Silesia inhabitants, in which the DII
was determined based on 37 food parameters. Also, due to the cross-sectional nature of the
study design, study results corresponded to the actual dietary habits of study participants.
No association between the DII and MetS reported in this study may be related to the fact
that long-term risk factors for chronic diseases do not act until disease accumulates and
manifests in the body. The real predictor is not the information whether disease occurs
or not, but the exposure in a lifetime. Additionally, to get more accurate results, future
studies should assess the role of inflammatory markers. The results of this study are only
informative and provide an important basis for further research on the quality of diet
and nutrition.

5. Conclusions

In conclusion, no association was found between the DIl and MetS, except for increased
TG concentrations in individuals in DII T3 compared to DII T1. However, this association
was significant only in the crude model. Besides, our conclusion may be limited by the cross-
sectional nature of the study. Therefore, more cohort studies are needed to fully understand
whether diets with pro-inflammatory potential are associated with an increased risk of
MetS and, possibly, with its specific components. Results of this study are informative and
provide an important basis for further research on the quality of diet and nutrition.
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9. Oméwienie wynikow i podsumowanie

W pierwszej publikacji z cyklu, wskaznik DII, zostat wykorzystany do okreslenia, ktore
grupy produktéw spozywczych i ich warto$¢ odzywcza (tj.: warto$¢ energetyczna, udziat
energii w diecie z weglowodanow, bialek i thuszczoéw, zawartos¢ blonnika pokarmowego,
cholesterolu) byly zwigzane z potencjalem pro- i antyzapalnym w kontekscie ryzyka choréb
sercowo-naczyniowych wséréd badanych mieszkancow z Dolnego Slaska.

Wicksze spozycie produktow znajdujacych si¢ w T3, okreslajacym diete bardziej
prozapalng tj.: rafinowanych produktow zbozowych, cukrow prostych, czerwonego
| przetworzonego migsa, jaj, wysokottuszczowych produktéw mlecznych przy mniejszym
spozyciu owocow, warzyw, produktow pelnoziarnistych, orzechéw, nasion roslin
straczkowych jest charakterystyczne dla diety zachodniej [19]. Warto zaznaczy¢, ze zawarto$¢
jaj w diecie powinna by¢ okre$lana w zalezno$ci od wzoru zywieniowego w ktorym wystepuja,
poniewaz z obserwacji wynika, ze spozycie jaj wspotwystepuje z innymi sktadnikami diety,
czesto kojarzonymi z niezdrowymi wzorami zywienia [48,49]. Powyzsza dieta przyczynia si¢
do przyrostu masy ciala i proliferacji trzewnej tkanki thuszczowej. Tkanka tluszczowa jako
narzad dokrewny znaczaco przyczynia si¢ do powstawania proceséw zapalnych poprzez
uwalnianie czynnikow prozapalnych, w tym leptyny, TNF-a, IL-6 [17]. Dodatkowo dieta
zachodnia charakteryzuje si¢ wicksza zawartos$cig produktow bedacych zrodtem koncowych
produktow glikacji (ang. Advanced glycationend-products, AGE’s), ktore maja whasciwosci
prozapalne, tutaj warto zaznaczy¢, ze rowniez sposob przyrzadzania (tj. smazenie) ma istotny
wplyw na tworzenie powyzszych. Zatem przewlekte zapalenie ogolnoustrojowe o niskim
stopniu nasilenia i dieta charakteryzujaca si¢ potencjalem prozapalnym moze zwigkszaé ryzyko
wystapienia i natezenia CVD [15]. Najnowsze dowody wysokiej jako$ci przemawiaja
za stosowaniem diety $rodziemnomorskiej (bogatej w warzywa, owoce, produkty

pelnoziarniste, rosliny straczkowe, orzechy i oliwg z oliwek) we wtornej prewencji CVD
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zwigzanych z progresja miazdzycy. Moze to by¢é spowodowane zmniejszeniem
ogolnoustrojowego stanu zapalnego i to niezaleznie od zmian masy ciata czy stezenia
cholesterolu. Dieta srodziemnomorska charakteryzuje si¢ niskg wartoscig DII, co §wiadczy o jej
potencjale przeciwzapalnym [50].

W tym badaniu oceniono takze zwigzek warto$ci wskaznika DII z czynnikami ryzyka
chor6b sercowo-naczyniowych wsrod mieszkancoéw obszaru miejskiego i wiejskich Dolnego
Slaska. Dieta przeciwzapalna uczestnikow badania PURE (charakteryzujaca si¢ wigksza
zawarto$cig owocoOw, warzyw, nasion roslin straczkowych, niskottuszczowego drobiu, zup,
orzechow, nasion, rodzynek i herbaty), okreslona na podstawie DII byta zwigzana z mniejszymi
warto$ciami WHR 1 WC w grupie kobiet 1 niezaleznie od plci z: TG, FG, 1 wskaZnikami
aterogenno$ci krwi (AIP i CRI), co potwierdza korzysci stosowania diety przeciwzapalnej
W odniesieniu do parametrow zwigzanych z CVD. Otylo$¢ moze by¢ gtownym wyznacznikiem
przewleklego zapalenia o niskim stopniu nasilenia i efektem braku réwnowagi migdzy
spozyciem 1 wydatkiem energetycznym. W badaniu wlasnym oraz innych, w ktoérych
wykorzystano DIl [51,52], dieta prozapalna byla zwigzana dodatnio z wyzsza wartosécig
energetyczng diety.

W badaniu drugim nie stwierdzono istotnego zwigzku migdzy potencjalem zapalnym
diety ocenianej warto$cig wskaznika DII a szansg wystapienia MetS. Zaobserwowano wigksze
szanse wystapienia wysokiego st¢zenia TG wraz z wyzszymi wynikami DII (T1 w poréwnaniu
do T3 OR 1,34; 95% CI = 1,01-1,78), jednak po dostosowaniu czynnikéw zaklocajacych,
powyzsza zalezno$¢ nie byla istotna statystycznie. W badaniu wlasnym dieta prozapalna
charakteryzowata si¢ wigksza zawartoscia migsa czerwonego w poréwnaniu z dieta
przeciwzapalng, a zawarte w przetworzonym migsie czerwonym nasycone kwasy ttuszczowe
aktywuja wiele szlakow zapalnych (ang. mitogen activated protein kinase [MAPK], ang.

nuclear factor-kB [NF-kB], biatko aktywujace [AP]-1), co moze si¢ wigzac ze zwigkszeniem
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rezerw TG w tkance tluszczowej [17,53]. Podobnie diety pacjentow w goérnym tercylu
charakteryzowaly sie najwigkszg zawartoscig produktow bedacych zrodiem fruktozy, a uwaza
si¢, ze ma to wptyw na kumulacje lipidow i hipertriglicerydemig, co w konsekwencji powoduje
stan zapalny i stluszczenie watroby [17,54]. Dodatkowo w tym badaniu oceniono wigksze
szanse zwigzane z wystapieniem nieprawidlowej FG w diecie przeciwzapalnej (okreslonej
w T1l), co moze by¢ zwigzane z przekrojowym charakterem badania. Pacjenci, ktorzy
dowiedzieli si¢ o nieprawidtowe]j glikemii mogli dokona¢ pewnych zmian w diecie przed
udziatem w badaniu, jednak czas okazat si¢ za krotki by te zmiany zostaty zaobserwowane.
Prezentowane badania zostaly wykonane przy uzyciu wystandaryzowanych metod
| walidowanego kwestionariusza FFQ dobrej jakosci, w ktorego sktad wchodzito 154 produkty
1 potrawy, charakterystyczne dla regionu dolnos$laskiego, co jest zdecydowanie mocng strong
badania. Ograniczeniem powyzszej metody jest brak mozliwosci wilaczenia niektorych
sktadowych wskaznika, ze wzgledu na ich brak w kwestionariuszu (szafranu, eugenolu, imbiru,
kurkumy, pieprzu, rozmarynu, tymianku). Nie mniej jednak sa to pierwsze badania przekrojowe
okreslajace potencjat zapalny diet badanych z regionu dolnos$laskiego w Polsce, w ktorym
okreslono DII na podstawie 37 parametrow. Dodatkowo charakter przekrojowy jest takze
zaleta, poniewaz wyniki odpowiadaja faktycznym nawykom zywieniowym. Powyzsze wyniki
majg charakter informacyjny i stanowig istotng podstawe dla dalszych badan nad jakos$cia diety
1 zywienia. Zgodnie z nasza wiedza, jest to pierwsze badanie w ktérym sprawdzono warto$ci
wskaznikow aterogenno$ci krwi w zaleznosci od wartosci wskaznika DII 1 okre$lono
poszczegolne grupy produktow w tercylach DII przy uwzglednieniu czynnikow zaktocajacych

w populacji polskie;j.
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10. Whnioski

1)

2)

3)

4)

5)

Uczestnicy badania, ktorych diety okreslono jako bardziej prozapalne, mieli wyzsze
srednie stezenie TG, FG, wyzsze wartosci wskaznikow aterogennych krwi wsrod
wszystkich badanych oraz wigkszy obwdd pasa i wskaznik WHR wsrdd kobiet. Ich
diety byly zwiagzane z wyzszg zawartoscig: rafinowanych produktow zbozowych,
stodyczy, sokow, czerwonego migsa, wysokotluszczowych seréw i §mietany, alkoholu,
thuszczow bez olejow roslinnych, ziemniakdow, cukru i miodu, frytek, smazonych ryb
oraz przetworzonego/wysokottuszczowego drobiu.

Wsrod tych uczestnikow pozostate sktadniki diety tj. mleko i produkty mleczne
niskotluszczowe oraz jaja moga by¢ zwigzane z ogdlnie niezdrowymi
nawykami/wzorami zywieniowymi, stad ich wyzsza zawarto§¢ wystepowata w diecie
prozapalnej, jednak ich zawarto$¢ w diecie nie powinna by¢ uznawana za niezalezny
czynnik ryzyka CVD.

Wyzej wymienione parametry antropometryczne i biochemiczne byly korzystniejsze
wsrod uczestnikdéw, ktorych diety charakteryzowaty sie wigksza zawarto$cig warzyw,
owocow, orzechow, nasion, rodzynek, nasion roslin straczkowych, niskotluszczowego
drobiu, herbaty. Spozycie napojow w odniesieniu do potencjatu zapalnego diety
wymaga dalszych badan.

Nie zaobserwowano zalezno$ci migdzy DII a MetS, z wyjatkiem zwigkszonego stezenia
TG u badanych znajdujacych si¢ w T3 w poréwnaniu do T1 diety, jednak powyzsza
zalezno$¢ byta istotna w modelu surowym.

Brak powigzan migdzy DII i Mets w niniejszym badaniu moze by¢ zwigzany z faktem,
ze czynniki ryzyka rozwoju chordb przewleklych dzialaja przez dlugi czas, az do

kumulacji rozwoju choroby.
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6) Wnioski mogg by¢ ograniczone ze wzgledu na przekrojowy charakter badania. Istnieje
potrzeba kontynuacji badan kohortowych w celu wyjasnienia czy diety o prozapalnym
potencjale sa zwiazane z MetS i1 ewentualnie, z ktoérymi jego sktadowymi.

7) Powyzsze wyniki majg charakter informacyjny i stanowig istotng podstawe dla dalszych

badan nad jakoS$cig diety i zywienia.
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W Polsce mlofono, 22 badamem zostanie objeta grupa 2500 osob - mieszkancow Wroclawnia oraz
grupa 2500 osob — mesrkancow regionéw wiejskich {Fmina Farawina). Do badania zostana wlaczone
osoby w wisku od 35 do T0 lat.

Pacjenci beds badami co trzy lata, program ma zmkonezye sie w roku 2030,

W trakcie badama, pacjenct beds proszem o wypelmeme ankiet dotyerzeych: stanu zdrowna,
aktvomosel fizyerne), wanmkow fyela, rowyeza)ow Zywieniowyeh. Ponadto zostanie pobrana krewr (na
badama tochermezne), probka mocm oraz beds wykonane badama antropometryezme, EEG 1
Pacjent otrzyma:

* wyniki badama wydolposciowego ukladu oddechowego (spirometrii), elektrokardiogram
(EEG), pomiaru cismenia tetmiczepn kren, werostn 1 masy ciala, obwodn boder, broocha 1
ramienia oraz sity missniowe],

*  wynik poziorm cholesterclu z lipidogramem oraz pozom cukrn

Wymki beds ocemone preez lekarza ze wskarowkam dalszego postepowania.

79



Ozoby uceestmicrace w badanm beds na befaeo mformowane o wszellich nowych ustalemiach czy
informacjach dot. badama, megacych mie¢ wphyw na chee dalszepo ucrestmictwa w badamm. Na
pndshnutydlmfm;lmnmpﬂmmmmzyc decyzje dalszego ndzatn w badanm.

Uezestmictwo w badamu nie missie ze soba Zadnego badz mimmmalne rvevko dla vezestnikow. Badanie
me jest eksperymentern medyczmym 1 me polega takfe na prITyjmowaniu przez pacjentow

jakichkolwiek produktow lecemezyeh (lekow) w celn zhadama ich berpieczensiwa czy skutecrnoser.
Ewentualne medogodnosicl wynikajace z udzaln w badanin moga polegad na:

*  wtrakcie polierama kren moge dojic do omdlema 1 bolu, zasimema, obrzeku lub w rzadkich
przypadkach zakazemia w mmejsen whlueia 1gly,

*  w trakoe wykomywana badania FEG mozhwe jest podraimenie skory w wyvnikn prevlofema
elekirod EKG (samoprzylepne nakladks, do ktorych podiaczone sa preewody) do skory hub bol
podezas 1ch usuwania.

Eoordynator prowadzgey badame moze mkonerye PanaPani udnal w tym badanm mezaledme od

PanaPami woli, jesli uma, Ze takie rozwiazame bedze dla PanaPam korzystniejsze, np. ze wzgledu
nz PanaPam stan zdrowia powodmjacy, 2= wypelmame cbownazkow uczestmka badama mogloby
stanowic dla PanaPam nadmierns uozihwose. Zakoncreme uczestnictwa w badamn meofe nastapic
tak?e w preypadin wstreymania lub wezesniejszego zakonczenia badania.

Korzysci wynikajace z uczestnictwa w badaniu:

Udzial w badanin nie wiaze sie z Jakinmkolwiek berposredmmi korzysciarm dla nezestmkow badania.
Matomiast, PnaJPmncmmrawbadamnmmqiphwnpmyczymﬂgdupnsmmanu&zy
medycrne), w szezegolnosa sluface) zapobieganiu wystepowania chorob sercowo-

Dobrowolnosc uczestnictwa w badaniu:

Uezestnictwo w tvm badanm jest dobrowolne.

Moze Pan'Pam cdmowié lub mrezypnowad z nd=nah w badamu w dowolnym momencie, bez podania
przyezyny 1 bez Zadnyeh konsekwenegi.

Zachowanie poufnosci danvch osobowych uczestnikow badania:

Gromadzone w badaniu dane osobowe dot. nimma. ktore pozwolilyby na identyfikac)e uwezestnikow
badama s3 poufne. Berpieczenstwo danych jest zapewmone przez stosowanie odpownedmeh srodkow
mm}thlmgumy]nych, ktore chroma dane w szezegolnosci preed przypadkowym b
mezgodnym z prawem rmszezeniem uirata, @miang menpowainicnym wawmenem b dostepem
Zgromadzone w badanm dane osobowe 53 zastepowane mdywidualnyvm mumerem uczestmka, co
umemozliwia jege bezposirednia identyfikacje.

Publikacja wymkow badamia me bed=ie zawnerala :zadn_“:h danych osobowych uczestmkow. Wiazellne
informacye, ktdre zostana opublikowane beds anommowre.

Uzyskanie dodatkowych informacji na temat badania:
Dalsze pytama na femat badania 1 praw osob uezestniczaeych w badamia, a takfe zgloszenia
ewentualmych szkod powstalyeh w zwnazku = uezestnictwem, maledy kierowad do Punkiu przvjed

Punkt przyjec pacjentow:
Uniwersytet Medyezny we Wroclawin Katedra Zdrowia Populacyjnego, Wroclaw, ul.
Bujwida 44
Prosimy o kontakt pod numerem telefonu: (071)784 17 77; (071) 328 21 45, od
poniedziatkn do piathkn od godz. 9.00 do 14.00
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Wyrazam zgode na udostepnienie moich danych osobowych, w tym danych dotyezaeych

[ ] zdrowia, osobom przeprowadzajacym kontrole (audyt), Niezaleinej Komisji Bioetycznej czy
moym uprEwmonym podmectom w celn werviikacp sposobu prowadzemia badamia
1 zgromadzonyeh w badanin danyeh

Imig i nazwizko Uczesinika (drukowanymi literami] - wypeinia uczesinik badanmia

Podpiz Uczestnika - wypelnia uczesinik badania Diafa - wypednia uczesinik badania
((ddrmmrT)
Podpiz Koordynatora pozyskujgcego zgode Data (dd/mmyfr)

t jeden podpizany egzempiarz ofrzymuje Uczesinik badania, drugl pozostaje w dokumeniagli badania.
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12.4 Kwestionariusz FFQ

PURE/Poland

We are very grateful to you for your participation in this study. All information
given by you will be heid in strict confidence, and will be used for the purpose
of this study only after removing any personal identifying information.

Adult Semi-Quantitative
Food Frequency Questionnaire

INSTRUCTIONS

Please answer EACH question by marking
an X in ONE BOX on each line:
(unless otherwise instructed)

OR
By writing number(s) in the spaces provided:

o

By specifying the answer on the line(s) provided

October 17, 2007
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PURE/Poland Food Frequency Questionnaire Page 1

Subject 1D

HEjEEEpEEEREE Subject 11

Cenire # GCommunity # Houseshold # Subject #

During the past year, on average, how often have you consumed the following
foods and drinks? (please check the appropriate box)

Milk and dairy Awg Serving Mever, 1-¥mo 1wk 24wk 56wk 1iday 2-2iday 4-5iday >Gday

Fradiiis vt

1. Low fat milk 1glass L] O O o oo oo
(1-29% fat)

2. Milk (3.2% fat) 1 glass

A o

4. Cocoa with milk 1 glass
5. Feta cheese 1 slice
6. Cottage cheese 1 small plate

7. Hard chesse 1 slice

8. Cheese "Fromage® 1 slice
naturel

9. Cheese, Edam 1 slice
type, fat

10. Quark, fresh 1 slice
cheese

11. Low fat 1Thbs
yogurt

12_Yogurt, 28% fat 1 7Tbs
13. Kefir 1 glass

14. Cream, 12% fat 1 Tbs

Do oo oaodooooad
CDOO00O0o0o0dadooOoood
Do 0000 odooood
CDOO00O0o0o0dadooOoood
OO0 0OO0O0O0000000
OO0 O0OO0oO0ddOooOoOoood
ODOOO0 O0O00O0O00000000
OOOO0 OO0 O0OOO0oOoOooOonod
OOOO0 O00O0O00000oa0Mn

15. Cream, 18% fat 1 7Tbs
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PURE/Poland Food Frequency Questionnaire Page 2
Subject ID

HEjEEEpEEEREE Subject 11

Cenire # GCommunity # Houseshold # Subject #

During the past year, on average, how often have you consumed the following
foods and drinks? (please check the appropriate box)

Milk and dairy Awg Serving  Mever, 1-¥mo 1wk 2-4twk 56wk 1iday 2-3iday 4-5iday >6iday
Products Cont’ less than
- onca/month

16_Margarine. soft ~ 175p O O O O O O O O O

17. loe cream 1 bowd ] O O O 0O o o
18. Butter Theaped Tos  [] O O O 0O O O
19. Lard 1Ths | O O 0O O o o
20. Finea/Masmix 1Tsp D D D D D D D

OO0OO
OO0O0O

During the past year, on average, how often have you consumed the following fruits?
(please check the appropriate box)

Eruits Avg Serving |:5E:;:a . 13mo 1wk 24wk 56wk diday 2-3iday 4-5iday =6iday
21. Apple Tmedum ] O O O 0O 00 O 0O
22_Banana 1 medium M O O 0O 0O 0O 0O 0O O
23. Grapefruit 1 medium | O O O O O o O O
24_ Grapes L:ﬁ ium | O O O o o o O O
25. Tangerine 1 medium ] O O o o oo o O O
26 Strawberies 112 cup 1 O O O O 0O 0 O 0O
27. Kiwi fruit 1 medium O O OO0 0O 0 O O O
28_Lemen Tmedium [ ] O O o oo oo
29_ Orange 1 medium ] O O O O O od O O
30. Peach tmedum  [T] O O O O O 0O O 0O
3. Pear tmedum  [T] O O O O O 0O O 0O
22_Plum 1 medium M O O 0O 0O O 0O O O
33. Raspberries 1 glass D |:| |:| D D I:I D D D
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PURE/Poland Food Frequency Questionnaire Page 3
Subject ID

HEjEEEpEEEREE Subject 11

Cenire # GCommunity # Houseshold # Subject #

During the past year, on average, how often have you consumed the following
vegetables? (please check the appropriate box)

Vegetables Avg Serving Never, 1-¥mo 1wk 24wk 56wk 1iday 2-3iday 4-Siday >Giday
less than
onca/month

34. Beans, white
(boiled) 1 plate

35. Beets, cooked 1 plate

36_ Broceoli, green 1 plate

37. Cabbage, red

(raw) 1 plate
38_Cabbage,

Shantung 1 plate
39_ Cabbage, white 1 plate
(raw)

40. Cabbage, white

(boiled) 1 plate
41_ Camot

(fresh) 1 plate
42, Camot

(boiled) 1 plate
43. Caulifiower 1 plate

(raw)

Do oo ood
OO0 ooogooooooood
DO odadaooooodaoooaoooOod
OO0 ooogooooooood
OO0 00000000000 000000
Oddo0o00oo0dooogooooooood
OO0O0OO0 0000000 0000000000
OO0O00 0000 0000000000 oOoO;ng
OO0O00D 0000000 0000000000

44 Cauliflower

(boiled with buttery 1 Plate
45. Chives 1Tsp

46. Cucumber 1 medium
(raw)

47. Garlic

(raw) 1 clove
48 Lettuce § leaves
49. Mushmoom

(fried) 12 cup
50. Onion 1 slice
(raw)

51. Parsley 1Ths
(leaves)

52 Horseradish 1Tbs

53. Pepper 1 medium
(cooked)

4. Pepper, red 1 medium
(raw}
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PURE/Poland Food Frequency Questionnaire Page 4
Subject ID

HEjEEEpEEEREE Subject 11

Cenire # GCommunity # Houseshold # Subject #

During the past year, on average, how often have you consumed the following
vegetables? (please check the appropriate box)

Vegetgbles, ~ AveSeving  Never  13mo fiwk 2diwk S&wk liday 2-3iday 4-Siday >Giday
Cont’ once/month

fffélf;\mfr?ed} 1 plate m O O O O O O O O
38, rotato 2 medumi150g [ O O O 0O 00 O 0O
57 Potato 1 plate O O 00000 00
58_ Radish 3 pieces | O O O 0O O O O O
59. Tomato tmedum ] O OO 000 0O 0O
60 Tomee 1cup 1 O O O 0O 0O 0 O 0O
61.Tomatosauce 1 cup 1 O O O 0O 0O 0 O 0O
62 Spinach 1 plate 1 O O 0O OO0 O 0
63, Sauash, summer 1 pae L] O O O 0Oo0od OO
[ﬁb-da IE;J;\E beans 1 plate |:| |:| |:| |:| |:| D D D D
65 Sweetcom, 1 plte I O OO OO0 O 4d
66. Peas, green, 1 plate O O OO 000 O04d

{canned, drained)

During the past year, on average, how often have you consumed the following
meat, eggs, etc.? (please check the appropriate box)

Meat, Eqas, efc,

&7.Eq0s 1 ] O O o o ood o o
68.Beefstesks 1 piece H O O O 0O 00 O 0O
G Fleet, ham 1piece | O O 0O OO0 OO0
70 Cicken fllets 1 piece O O O 0000 Ood
71.Chickenham 1 piece ] O O o o o o o o
T2, Chicken with skin 1 picce O] O O O OO0 0O O
73. Chicken without 1 piece ] O O 0O O O 0O 0O O

skin (cooked fried)
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PURE/Poland Food Frequency Questionnaire Page 5
Subject ID

HEjEEEpEEEREE Subject 11

Cenire # GCommunity # Houseshold # Subject #

During the past year, on average, how often have you consumed the following

meat, eggs, etc.? (please check the appropriate box)

Meat, Egas, efc, Awvg Serving  Mever, 1-¥me 1wk 24wk 56wk 1iday 2-3iday 4-Siday >Gday
ﬂlﬂ less than

onca/month

T4 Cod fillets

(breaded and fied) | Poo%

75 Hering in cream 1 small plate

| O O 0000 O 0

O O O O OO0 O 0O
;i_t;:;nlrfumenf 1 medium W 0 0O 0O 0O 0O o O O
l:?g&li?nd\ecn meat 1 slice D D D D D D D D D
78, Mockere 1 piece | O O O O 0O 0 O 0O
(6 bone. poteqy 1 512 1 O O 0 000 O 0O
BO. Pork ham 1 slice O O O O O 0O O O O
B1. Pork cutets 1 siice L] O O o oo oo
E?ﬂ:&flﬁka S0g D D D D D D D D D
riabirn R L] O O o oo oo
and beef)
ili:.ﬂia:ﬁjgf Sog D D D D D D D D D
85. Turkey, ham 1 siice ] O O O O O O O O
86 Turkey 1 siice | O O O OO0 O 0O
87. Turkey. sausage 50 ] O O O OO0 0O O
88 Hexd Chesse,  50g Ol O O O O 0O 0O O O
?&:gm'gml 1 pisce [ Never []'essthan [ ] timonth ] 2-amonth [] 1wk or more
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PURE/Poland Food Frequency Questionnaire Page 6
Subject ID

HEjEEEpEEEREE Subject 11

Cenire # GCommunity # Houseshold # Subject #

During the past year, on average, how often have you consumed the following
breads and cereals? (please check the appropriate box)

Breads, Cereals aAwg Serving I:::;:a . 1-3mo 1wk 2-Atwk 56iwk 1iday 2-3iday d4-5iday >Giday
90. Wheat bread 1 slica mwﬁmm 0O O 0O 0O 0O 0O O O
o1 Rice 2Tbs O O 400000 oo
==, w= O O O0O0DODODO OO
2 Whestrus ! O OO0 000 00
% Whestrols 1 sice O OO0 000 OO0
White bracg o 1 slee O O 00 000 000
with Sunfower seeds. ! PIate O OO0 000 OO0
wwg = O D ODDDODOO OO
(cooked) 1 plate O O 00000 00

During the past year, on average, how often have you consumed the following
mixed dishes? (please check the appropriate baox)

Mixed Dishes Avg Serving  Mever, 1-¥mo 1wk 24wk 56iwk 1iday 2-3day 4-5/day >Giday
less than
once/month

99. Baked beans 1 plate
with meat

100. Beef and pork 1 medium
minced cutlets, fried

101. Broth 1 plate/400 g

102. Buckwheat
groats (boiled)

103. Cabbage leaves, 1 plate
stuffed

1 plate

104. Chicken pate 1 slice

O ooaooaood
O O0dodagoad
O Ooaodooad
O O0dodagoad
O O04ado0aooad
O O0dodadoaoad
O OOaOoOoonoag
O OOooOoonoag
O OOaOoOoonoa

(canned)

105. Pearl barley 1 plate
groats, boiled

106. Soup with 1 plate/400 g
vegetables
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PURE/Poland Food Frequency Questionnaire Page 7
Subject ID

HEjEEEpEEEREE Subject 11

Cenire # GCommunity # Houseshold # Subject #

During the past year, on average, how often have you consumed the following
mixed dishes? (please check the appropriate bhox)

Mixed Dishes Avg Serving  Mever, 1-¥mo 1wk 24wk 56iwk 1iday 2-3day 4-5/day >Giday
con’t less than
- once/month

107. Soup, Krupnik
with pearl barley groats 1 plate/400 g

O

OO0 OO O OoOoO0Odao aog
OO0 OO O OO00O00aodd

108. Soup, Zurek 1 plate/400 g
SOUr rye

109, Soup, milk with 1 plate/400 g
rolled cats

110. Soup, tomato 1 plat=/400 g

111. Soup, saverkraut 1 plate/400 g

112 Soup, white bean 1 platef400 g

113. Polish dumplings 1 plate
with meat

114. Saverkraut with

sausage and meat, 1 plate
(Bigos, stewed)

115. Shantung 1 small plate
cabbage, salad with

mayonnaise

116. Sauerkraut salsd 1 plate

117. Dumplings with 1 plate
potato filling

(Ruskie, boiled)

118. Lettuce with scur 1 plate
cream salad

OO0 00 O Ooo0oOoooooo
OO0 00 O Oo0O0odaoooao
OO0 00 O OO0OoOooooo
OO0 00 O Oo0O0odaoooao
OO0 OO0 O O004aD0oo0c
OO0 d0 O ooO0Oodoooo
OO0 OO O OooOoOooooaoood

119, Vegetable 1 plate
salad, cooked with
mayonnaise

During the past year, on average, how often have you consumed the following
beverages? (please check the appropriate box)

Beverages Avg Serving MNever, 1-¥mo 1wk 24wk 56iwk 1iday 2-3/day 4-Siday =6iday
less than
once/month

120. Orange juice 1 glass |:| |:| |:| |:| |:| |:| D |:| D
121. Raspbemy juice 1 glass ] 0 0O 0O 0O 0O 0O O O
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PURE/Poland Food Frequency Questionnaire Page 8
Subject ID

HEjEEEpEEEREE Subject 11

Cenire # GCommunity # Houseshold # Subject #

During the past year, on average, how often have you consumed the following
beverages? (please check the appropriate box)

Beverages, Avg Serving  Mever, 1-¥mo 1wk 24wk 56wk 1iday 2-3iday 4-Siday >6iday
con't less than
- onca/month
122. Carrot juice 1 glass O] O] ] O
123. Apple juics 1 glass |:| |:| D D

124. Grapefruit juice 1 glass
125. Blackcurrent 1 glass
Juice

126. Multifruit juice 1 glass
from Polish fruits

127. Multifruit juice

from exotic fruits 1 glass D
128. Fruits drink 1 glass D
129. Soft drink 1glass O
(regular)

130. Soft drink 1 glass |
(low calorie)

131. Coffee 1 glass ]
133. Herbaligreen 1 glass 1
134. Beer 1 bottle/230 mL |:|

135. Wine, red 1 glass

136. Vodka 1 glass

O0O00000 OO0O0O O ooOoad

O0O00000 0000 OO00a4ad
O0O00000 0000 OO00a4ad
O0O00000 O0O0O0 O00A4Aad
O0O00000 O0O00 O 00A4ad
OO0O0000 ODOOO O oo
OO0O0000 ODOOO O oo

OO00000 oo ood

00

During the past year, on average, how often have you consumed the following
snacks? (please check the appropriate box)

Servin Newver, 1-3imo 1wk 24wk 56wk 1/day 2-3day 4-5/day >G/day
Snacks Awvg 9 e than
once/month

137. Mitk chocolate 1 bar O O 0O 0 000 OO0
138. Bitter chocolate 1 bar O OO0 000 OO0
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PURE/Poland Food Frequency Questionnaire Page 9

Subject 1D

HEjEEEpEEEREE Subject 11

Cenire # GCommunity # Houseshold # Subject #

During the past year, on average, how often have you consumed the following
snacks? (please check the appropriate box)

Snacks, con't  Avg Serving  Never, 1-3imo 1wk 2-4lwk 56wk 1day 2-3/day 4-5'day =6/day

less than
once/month
139. Biscuits small pack/50 g D
140. Yeast cake 1 slice
141. Short-cake 1 slice
142. Gingerbread 1 slice
cake

143. Sponge cake 1 slice

144. Cheesecake 1 slice
(Krakowski)

145. Honey 1 Ths
146. Halva with 1 pieca
vanilla

147. Drops L]

148. Mayonnaise 1Tbs
149 Nuts 112 cup

150. Raisins, dried 12 cup

N I I I I I O O I B I I G I Y O
OdO00g000dad0abooaon
OO ooooondn
OdO00g000dad0abooaon
OO00000000000040a00
OdO00000dad0abooanon
OO0O00000O000000O00000
OO0O0O0000O000000O00000
OO0O0000000000O00000

151. Sweets 1Ths
152, Sugar 2 Thbs
153. Seeds 1Ths
154. Walnuis 1 Ths
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PURE/Poland Food Frequency Questionnaire Page 10

Subject ID

HEpEEEpEEEpEE Subject 7]

Cenfre # Community # Household # Subject #

15-5_ noyou regularly take vitamin pills? CIne [ ves

156. Do you regularly take mineral pills? D Mo D Yes

If yes for how many years a::d how often have you taken? - .

mostly  occasionaly mostly occasionaly mostly occasionaly mostly  occasionaly

157 . Vitamin A D D D D D D D D
158 Vitamin D D D D D D D D D
sovemne ] [ O O d O O O
e O O O O O O 0O 0O
wrvemnc ] [ O O d O O O
162. Calcium O O O O d O O O
163. Iron ] ] Ol O] O] H| 1 1
164. Zinc D D D D D D D D
Minral sppement (1 [ O 1 1 1 O O

What type of cooking oil is usually used at home and what is the frequency of consumption?

Avg Serving I:;E:;:'an 1-¥mo 1wk 24wk 56wk 1iday 2-3/day 4-5Siday =Giday
166. Soybean 12 cup I:I I:‘ I:‘ |:| D D D I:I D
167. Com 172 cup O O 0O O Oo4d o da d
168 Vegetable  12cup O O 0 0 4ddodoaoqgad
169. Sunflower 112 cup D D D D D D D D D
170. Canola 172 cup O 0O 0O oo oodg o o d
171.Cotorseed 12 cup O O 0O 4ddodoaogad
172 Olive 172 cup O O 0O O Oo4d o da d
1”"&';;:;'::?5“““ ry— Py Te— Interviewer Code: ED]
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12.5 Oswiadczenia wspdlautorow

mgr Alicja Szypowska Wroctaw, 29.06.2023
Zakiad Dietetyki*

Uniwersytet Medyezny im. Piastéw Slackich we Wractawiu

OSWIADCZENIE

Oswiadczam, ze w pracach

1) Comparison of intake of food groups based on dietary inflam-matory index (DIl) and
cardiovascular risk factors in the mid-dle-age population of Lower Silesia: results of the PURE
Poland Study. Alicia Szvpowska, Bozena Regulska-llow, Katarzyna Zatonska, Andrzej Szuba, 2023,
Antioxidants, vol. 12, nr 2, art. 285 [18 s.]

2) Dietary Inflammatory Index (D11)® and Metabolic Syndrome in the Selected Population of Polish
Adults: Results of the PURE Poland Sub-Study, Alicja Szypowska, Katarzyna Zatoriska, Andrzej
Szuba, Bozena Regulska-llow, International Journal of Environmental Research and Public Health,
2023, vol. 20, nr 2, art. 1056 [14s.]

moj udziat polegat na opracowaniu koncepcji i metodologii manuskryptéw, gromadzeniu i analizie
danych dotyczacych publikacji, zebraniu piSmiennictwa, pisaniu tresci manuskryptow oraz korekcie

prac przed ztozeniem do druku.

*zatrudniona do 06.2021

Migire \f’;"“tb?,mcv&'(C’Q_
{ vy

: Podpis
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dr hab. Bozena Regulska-llow, prof. UMW Wroctaw, 29.06.2023
Katedra i Zaktad Dietetyki i Bromatologii
Uniwersytet Medyczny im. Piastéw $laskich we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracach:

1) Comparison of intake of food groups based on dietary inflam-matory index (DIl) and
cardiovascular risk factors in the middle-age population of Lower Silesia: results of the PURE
Poland Study, Alicja Szypowska, Bozena Regulska-llow, Katarzyna Zatoriska, Andrzej Szuba, 2023,
Antioxidants, vol. 12, nr 2, art. 285 [18 5.]

2) Dietary Inflammatory Index (DII)® and Metabolic Syndrome in the Selected Population of Polish
Adults: Results of the PURE Poland Sub-Study, Alicja Szypowska, Katarzyna Zatoriska, Andrzej
Szuba, Bozena Regulska-llow, International Journal of Environmental Research and Public Health,
2023, vol. 20, nr 2, art. 1056 [14s.]

moéj udziat polegat na opiece promotorskiej, nadzorze merytorycznym nad realizacja projektu

badawczego i ostatecznej akceptacji artykutu.

Boreuc p%%““\@ Trd

Podpis
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dr hab. Katarzyna Zatonska, profesor UMW Wroctaw, 29.06.2023
Katedra Zdrowia Populacyjnego
Uniwersytet Medyczny im. Piastéw $Slaskich we Wroctawiu

OSWIADCZENIE
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Poland Study, Alicja Szypowska, Bozena Regulska-llow, Katarzyna Zatoriska, Andrzej Szuba, 2023,
Antioxidants, vol. 12, nr 2, art. 285 [18 s.]

2) Dietary Inflammatory Index (DIl)® and Metabolic Syndrome in the Selected Population of Polish
Adults: Results of the PURE Poland Sub-Study, Alicja Szypowska, Katarzyna Zatoriska, Andrzej
Szuba, Bozena Regulska-llow, International Journal of Environmental Research and Public Health,
2023, vol. 20, nr 2, art. 1056 [14s.]

méj udziat polegat na gromadzeniu danych biochemicznych i antropometrycznych oraz ostatecznej

akceptacji artykutu.
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Szuba, Bozena Regulska-llow, International Journal of Environmental Research and Public Health,
2023, vol. 20, nr 2, art. 1056 [14s.]

moéj udziat polegat na nadzorze nad projektem PURE Poland, w tym gromadzeniem danych

biochemicznych i antropometrycznych oraz ostatecznej akceptacji artykutu.
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