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Streszczenie

Analiza wiedzy i realizacji zalecen zywieniowych dotyczacych spozycia ryb
oraz wplywu interwencji zywieniowych obejmujacych zwi¢kszenie spozycia lososia
na wybrane wskazniki stanu zdrowia mlodych kobiet

Niniejszg pracg¢ doktorska stanowi cykl czterech spojnych tematycznie publikacji
naukowych dotyczacych wptywu zwigkszenia spozycia ryb na zdrowie oraz $wiadomosci
mtodych kobiet w tym zakresie. Przeprowadzono trzy badania, majace na celu kolejno:
(1) analiz¢ wiedzy na temat korzySci i potencjalnych zagrozen zwigzanych ze
spozywaniem ryb, znajomos$¢ rekomendacji spozycia ryb i faktycznej wielkos$ci ich
spozycia wsrod uczennic szkot ponadpodstawowych w poroéwnaniu z ich rowiesnikami
ptci meskiej (ogodlnopolskie badanie ankietowe), (2) analiz¢ wplywu zwigkszenia
spozycia tososia w dwoch réznych formach (toso§ wedzony lub paréwki z tososia)
w  okresie jesiennym na stan odzywienia  witaming D  (st¢zenie
25-hydroksycholekalcyferolu (25(OH)D) w surowicy krwi) u mtodych kobiet
niesuplementujgcych witaminy D, w poréwnaniu z grupg kontrolng (badanie
interwencyjne), oraz (3) analiz¢ wptywu zwigkszenia spozycia tososia wgdzonego na
profil lipidowy u mtodych kobiet o nadmiernej masie ciala, w poroéwnaniu z grupa
kontrolng (badanie interwencyjne).

Na podstawie przeprowadzonego badania ankietowego (1) stwierdzono, ze
pomimo znajomosci podstawowych zagadnien zwigzanych ze spozyciem ryb, wiekszosci
mtodych Polek brakuje bardziej szczegdétowej wiedzy dotyczacej zarowno doktadnych
zalecen spozycia ryb, jak i tego, jakich sktadnikoéw ryby dostarczaja oraz potencjalnych
zagrozen zwigzanych ze spozyciem ryb. Mediana spozycia ryb dla mtodych Polek
wyniosta 32 g/ tydzien, przy czym jedynie co dziesigta z nich realizowata spozycie na
poziomie 150 g ryb tygodniowo, a co dwudziesta druga — 300 g ryb tygodniowo.
Respondentki znajace zalecenia spozycia ryb charakteryzowaty si¢ wyzszym spozyciem
ryb niz te ich nieznajace, co podkresla jak istotna jest wiedza Zywieniowa w konteks$cie
WyZzszego spozycia ryb.

W badaniu interwencyjnym (2) wykazano, ze wprowadzenie do diety tososia
(w postaci tososia wedzonego lub paréwek z tososia) w ilosci dostarczajacej ok. 5 pg
witaminy D dziennie nie byto wystarczajace, aby zapobiec naturalnemu obnizeniu si¢
stezenia 25(OH)D w surowicy krwi w okresie jesiennym. Jednakze, w przypadku
wprowadzenia do diety dodatkowej witaminy D w postaci parowek z tososia
zaobserwowano mniejsze obnizenie 25(OH)D niz w przypadku tososia wedzonego, co
wskazuje na wyzsza efektywno$¢ parowek z tososia w utrzymywaniu stezenia 25(OH)D
w surowicy krwi w okresie jesiennym w poréwnaniu do tososia wedzonego. Moze to
wynikaé z wyzszej zawartosci thuszczu w porcji parowek z tososia niz w porcji tososia
wedzonego, z homogenizacji zastosowanej podczas produkcji parowek lub z rdznej
czestotliwosci spozywania paréwek z tososia 1 tososia wedzonego.

Ponadto w badaniu interwencyjnym (3) wykazano, ze wprowadzenie do diety
lososia wedzonego w ilosci 200 g/ tydzien, czyli ilosci zgodnej z zaleceniami spozycia
ryb, moze przyczyni¢ si¢ do obnizenia st¢zenia cholesterolu frakcji lipoprotein o niskiej



gestos$ci (LDL) oraz wspdlczynnika Cholindex u mtodych kobiet o nadmiernej masie
ciata. Jednakze, ze wzgledu na dodatkowe réznice obserwowane w podgrupach, a takze
brak roznic istotnych statystycznie dla pozostalych sktadowych profilu lipidowego,
nalezy rowniez wskazac¢ koniecznos$¢ dalszych badan z interwencjami trwajacymi dtuzej
niz osiem tygodni.

Przeprowadzone badania pozwolily na wskazanie, ze niezbedne sg dziatania
edukacyjne w zakresie doktadnych zalecen spozycia ryb oraz korzysci wynikajacych
ze spozywania ryb w celu efektywnej profilaktyki i terapii schorzen dietozaleznych,
w tym schorzen zwigzanych z niedoborem witaminy D oraz dyslipidemii. Ponadto, ze
wzgledu na niewiele danych dotyczacych biodostepnosci witaminy D z ryb, a takze duze
zmiany w skladzie paszy lososi hodowlanych w ostatnich latach, konieczne jest
prowadzenie dalszych badan w zakresie wplywu zwigkszenia spozycia tososia
hodowlanego 1 innych gatunkéw ryb na zdrowie.

Stowa kluczowe: wiedza zywieniowa, rekomendacje, spozycie ryb, Salmo salar, toso$
hodowlany, parowki z tososia, witamina D, lipidogram, mtode kobiety



Abstract

Analysis of knowledge and compliance with dietary recommendations
regarding fish consumption and the impact of dietary interventions comprising
increased salmon intake on selected health status indicators in young women

This doctoral dissertation comprises a series of four thematically coherent scientific
publications on the impact of increased fish consumption on the health of young women
and their nutritional awareness in this regard. Three studies were conducted with the
following aims: (1) to analyze the knowledge of the benefits and potential risks of fish
consumption, knowledge of fish intake recommendations and the actual amount of fish
intake among female high school students compared to their male counterparts
(nationwide questionnaire study), (2) to analyze the effect of increasing salmon intake in
two different forms (smoked salmon or salmon sausages) in autumn on vitamin D status
(serum 25-hydroxycholecalciferol (25(OH)D) concentration) in young women who do
not supplement vitamin D, compared to a control group (intervention study), and (3)
to analyze the effect of increased intake of smoked salmon on lipid profile in young
women with excessive body mass, compared to a control group (intervention study).

Based on the questionnaire study (1), it was found that despite having general
knowledge concerning fish consumption, most young Polish females lack more detailed
knowledge regarding the exact fish intake recommendations, nutrients provided by fish
and the potential risks associated with fish consumption. The median intake of fish among
the female respondents was 32 g/ week, while only one in ten met the recommended
intake of 150 g/ week and one in twenty-two of them met the intake of 300 g of fish per
week. The females who knew the actual fish intake recommendations had higher intakes
of fish than those who did not, highlighting how important nutritional knowledge is for
higher fish intake.

In the intervention study (2), it was shown that the incorporation of salmon (in the
form of smoked salmon or salmon sausages) into the diet in an amount that provided
about 5 pg of vitamin D daily was not sufficient to prevent the natural decline in serum
25(OH)D concentrations in autumn. However, when vitamin D was added to the diet in
the form of salmon sausages, lower decreases in serum 25(OH)D concentrations were
observed compared to when smoked salmon was added, which indicates a higher efficacy
of salmon sausages in maintaining serum 25(OH)D concentrations in autumn compared
to smoked salmon. This may be due to the higher fat content in a serving of salmon
sausages compared to a serving of smoked salmon, the homogenization used during the
production of the sausages, or the differences in the frequency of consuming salmon
sausages and smoked salmon.

In addition, the intervention study (3) demonstrated that the incorporation of 200 g
of smoked salmon per week into the diet, being consistent with the recommended fish
intake, can contribute to lowering the fraction of low-density lipoprotein (LDL)
cholesterol and Cholindex in young women with excessive body mass. However, due to
additional differences observed between some subgroups, as well as the lack of
statistically significant differences for the other analyzed lipid profile parameters, the



need for further research with interventions lasting more than eight weeks must also be
emphasized.

The conducted studies allowed to indicate that nutritional education regarding
the recommended amounts of fish to be consumed and the benefits of fish consumption
is essential for an effective prevention and treatment of diet-related diseases, including
those associated with vitamin D deficiency and dyslipidemia. Moreover, due to limited
data on the bioavailability of vitamin D from fish, as well as the significant changes in
salmon feed in recent years, there is need for further research on the influence of
increasing salmon and other fish species intake on health.

Keywords: nutritional knowledge, recommendations, fish intake, Salmo salar, farmed
salmon, salmon sausages, vitamin D, lipid profile, young women
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1.2. Uzasadnienie podjecia tematu

1.2.1. Zalecenia spozycia ryb

Ryby sa wazng grupa produktow spozywczych w diecie cztowieka jako jedno
z najlepszych zrodet dhugotancuchowych wielonienasyconych kwasow tlhuszczowych
omega-3, takich jak kwas eikozapentaenowy (ang. eicosapentaenoic acid, EPA) i kwas
dokozaheksaenowy (ang. docosahexaenoiuc acid, DHA), ktore sg rzadko dostarczane
z innych produktéw spozywczych [1]. Kwasy tluszczowe EPA i DHA s3g niezbedne
w diecie cztowieka, poniewaz nie moga by¢ wytwarzane przez organizm cztowieka, a sg
kluczowe w utrzymaniu jego homeostazy [2]. Ponadto ryby odgrywaja wazng rolg
w dostarczaniu innych sktadnikéw odzywczych niezbednych dla uktadu hormonalnego,
takich jak witamina D [3]. Witamina D nie tylko reguluje absorpcj¢ wapnia z przewodu
pokarmowego 1 niektore przemiany w kosciach, odpowiadajac za prawidlowe ich
tworzenie oraz resorpcje, ale wplywa takze na proliferacj¢ i réznicowanie komorek,
z czego wynika jej potencjat w prewencji i leczeniu niektorych nowotwordw ztosliwych,
reguluje wydzielanie niektérych hormondéw (np. parathormonu, insuliny i czynnika
wzrostu fibroblastow 23 (FGF23)) oraz funkcjonowanie uktadu odpornosciowego [4].
Metaanalizy wskazuja, ze regularne spozycie ryb zmniejsza ryzyko zawalu migsnia
sercowego [5], udaru mézgu [6], zespotu metabolicznego [7], demenc;ji [8] i depresji [9],
a takze zmniejsza $miertelno$¢ ze wszystkich przyczyn [10].

Ze wzgledu na unikalne korzy$ci zdrowotne, ryby sa uwzgledniane w wielu
krajowych i miedzynarodowych zaleceniach zywieniowych. Swiatowa Organizacja
Zdrowia (ang. World Health Organization, WHO) [11], a takze Europejskie
Towarzystwo Kardiologiczne (ang. European Society of Cardiology, ESC) zalecaja
spozywanie ryb conajmniej jeden do dwodch razy w tygodniu [12], podczas gdy
Amerykanskie Towarzystwo Kardiologiczne (ang. American Heart Association, AHA)
zaleca spozywanie ryb co najmniej dwa razy w tygodniu [13]. W Europie krajowe
zalecenia zywieniowe dotyczace spozycia ryb formutuja rekomendacje na poziomie
od 100 do 482 g tygodniowo, co zwykle odpowiada jednej do dwodch porcji ryb
w tygodniu [14], podobnie jak polskie zalecenia spozywania co najmniej dwoch porcji
ryb tygodniowo [15]. Niektore kraje, takie jak Hiszpania, zalecajg spozywanie jeszcze
wiekszej 1losci ryb — od trzech do czterech porcji tygodniowo, co odpowiada od 375 do

600 g ryb w tygodniu [16]. Dodatkowo, wigkszos¢ krajowych zalecen zywieniowych
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podkresla rolg ryb jako waznego elementu prozdrowotnej diety, ktdrego nie nalezy

zastgpowac innymi zrodtami biatka [17].

1.2.2. Wielkos¢ spozycia ryb w Polsce i na Swiecie

Pomimo opisanych powyzej zalecen zywieniowych 1 licznych korzysci
zdrowotnych wynikajacych ze spozywania ryb, od 2018 r. w Unii Europejskiej (UE)
obserwuje si¢ tendencje spadkowa spozycia ryb [18]. Z danych bilansowych wynika, ze
srednie spozycie ryb we wszystkich 27 krajach UE w 2022 r. wyniosto
23,51 kg/ mieszkanca/ rok, co odpowiada 452 g/ tydzien, jednak spozycie ryb rozni si¢
znacznie w zaleznosci od kraju. Podczas gdy w Portugalii w 2022 r. wyniosto ono
54,54 kg/ mieszkanca/ rok, co odpowiada 1,05 kg/ tydzien, w Polsce byto ono okoto
czterokrotnie nizsze, na poziomie 13,68 kg/ mieszkanca/ rok, co odpowiada
263 g/ tydzien [18].

Nalezy podkresli¢, ze niektore metody pozyskiwania danych dotyczacych spozycia
zywnosci, takie jak badania budzetow gospodarstw domowych lub metody bilansowe,
ktoérych dane sg najczesciej prezentowane dla Polski w kontek$cie wielkosci spozycia
ryb, nie zawsze odzwierciedlajg faktyczne spozycie zywnosci przez poszczegdlne osoby
1 zwigzane sg z ryzykiem przeszacowania rzeczywistego spozycia [ 19]. Niektore badania,
takie jak European Prospective Investigation into Cancer and Nutrition (EPIC),
w ktérym zgromadzono dane z lat 1992-2000 [20], ocenity spozycie ryb w krajach
europejskich z wykorzystaniem wywiadu o spozyciu z 24 godzin, co wydaje si¢ by¢
doktadniejsze niz badania budzetow domowych lub metody bilansowe. Niestety analiza
ta nie obejmowata Polski [20]. Do tej pory brak jest doktadnych danych dotyczacych
spozycia ryb w populacji polskiej. Z tego powodu kluczowe jest przeprowadzenie dobrze
zaprojektowanych ogdlnopolskich badan naukowych w celu doktadnej oceny wielkosci
spozycia ryb w populacjach szczego6lnie narazonych na ich niskie spozycie, w tym
mtodziezy 1 mtodych dorostych.

Spozycie ryb rozni si¢ nie tylko pomigdzy krajami. Obserwuje si¢ takze roznice
pomiedzy grupami populacyjnymi, a takze w ramach tych grup. Badania National Health
and Nutrition Examination Surveys (NHANES) z lat 2005-2010, realizowane w Stanach
Zjednoczonych Ameryki (ang. the United States of America, USA), ukazaly, ze najnizsze
spozycie ryb dotyczy osob miodych, a takze 0s6b o niskich dochodach i o niskim
poziomie wyksztalcenia [21]. Odpowiada to wynikom polskich badan wskazujacych, ze

w grupie osob w wieku nastoletnim 14,1% zadeklarowalo spozywanie ryb rzadziej niz
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raz w tygodniu, a 26,2% zadeklarowato, ze w ogole nie spozywa ryb [22]. Wsrdd
dziewczat bioracych udziat w badaniu, 49,1% zadeklarowato spozywanie ryb nie czesciej
niz raz w miesigcu [23]. Co wiecej, w niektorych panstwach, np. w Wielkiej Brytanii,
dorastajgca mlodziez jest wskazywana jako szczegdlnie narazona na negatywne
konsekwencje zbyt niskiego spozycia ryb [24].

W celu zwigkszenia spozycia ryb w latach 2008-2009 Ministerstwo Rolnictwa
1 Rozwoju Wsi przeprowadzito w Polsce krajowa kampani¢ edukacyjng dotyczaca
korzysci ptynacych ze spozycia ryb, pod nazwg ,,Ryba wplywa na wszystko”. Wedtug
danych rzadowych zaobserwowano w jej wyniku wzrost spozycia ryb, gdyz $rednia
rocznego spozycia ryb w 2007 r. wynosita 12,91 kg/ mieszkanca/ rok, w 2008 r. —
13,67 kg/ mieszkanca/ rok, a w 2009 r. — 13,94 kg/ mieszkanca/ rok [25]. Niewiele jednak
wiadomo na temat tego, co Polacy, w tym osoby miode, wiedza o konkretnych
korzys$ciach ptynacych ze spozywania ryb oraz czy przyczyng obserwowanego wzrostu
spozycia ryb rzeczywiscie byta przeprowadzona kampania edukacyjna czy tez inne
czynniki. Jednakze, nalezy wskaza¢, ze z europejskiego przekrojowego badania
konsumenckiego wynika, ze przekonanie, iz spozywanie ryb jest zdrowe, wydaje si¢ by¢

skorelowane z czestotliwos$cig spozywania ryb [26].

1.2.3. Zrédla witaminy D

Gléwnym zZrodtem witaminy D dla ludzi jest synteza skérna cholekalcyferolu
z 7-dehydrocholesterolu, ktéra zachodzi pod wptywem promieniowania UVB (290-
320 nm) podczas ekspozycji na stonce [27]. Jest to jednak uzaleznione od szerokosci
geograficznej, pory roku i pory dnia, co powoduje, ze w krajach polozonych w klimacie
umiarkowanym, takich jak Polska, synteza skorna witaminy D jest w praktyce mozliwa
tylko od kwietnia do pazdziernika [28].

Innymi Zrodtami witaminy D s3 produkty spozywcze. Witamina D wystepuje
naturalnie w rybach oraz w mniejszej ilosci w jajach, niektorych grzybach, migsie, mleku
i produktach mlecznych [29]. Jest ona rowniez dodawana do niektoérych produktow
spozywczych podczas produkcji i1 dlatego mozna ja znalez¢ w ZywnoS$ci wzbogaconej,
takiej jak margaryna lub ptatki $niadaniowe [29]. Nalezy jednak podkresli¢, ze biorac pod
uwage 1los¢ witaminy D w porcji produktu, najlepszym Zrodlem witaminy D w diecie s3
ryby [30]. Niemniej jednak zawarto$¢ witaminy D rozni si¢ znaczaco w zaleznosci od
gatunku. Podczas gdy w wegorzu (Anguilla anguilla) jej zawartos¢ to 30 pg/ 100 g,
w $ledziu (Clupea harengus) — 19 pg/ 100 g, a w tososiu (Salmo salar) — 13 pg/100 g,

15



inne gatunki ryb, takie jak dorsz (Gadus morhua) lub fladra (Platichthys flesus) zawieraja
zdecydowanie mniejsze ilosci tej witaminy (odpowiednio 1,0 pg/ 100 g1 0,8 pg/ 100 g)
[30].

1.2.4. Niedobér witaminy D

Pomimo, iz czgsto mowi sie, ze niedobor witaminy D jest problemem na skale
swiatowa [31], nie ma spdjnej definicji niedoboru witaminy D. Niektore osrodki, takie
jak amerykanskie Narodowe Instytuty Zdrowia (ang. National Institutes of Health, NIH)
[32] 1 Krolewskie Towarzystwo Osteoporozy (ang. Royal Osteoporosis Society, ROS)
w Wielkiej Brytanii, definiuja niedobor witaminy D jako stezenie 25-
hydroksycholekalcyferolu (25(OH)D) w surowicy krwi nizsze niz 30 nmol/l (12 ng/ml)
[33], inne takie jak Europejski Urzad ds. Bezpieczenstwa Zywnosci (ang. European Food
Safety Authority, EFSA) [34] ipanel ekspertéw odpowiedzialny za polskie zalecenia,
wskazuja na wyzsze stezenie — mianowicie st¢zenie 25(OH)D nizsze niz 50 nmol/l
(20 ng/ml) [35].

W zwiazku z tym, w zaleznosci od przyjetego poziomu referencyjnego, czgstosé
wystepowania niedoboru witaminy D w populacji jest okreslana na réznym poziomie. Na
przyktad, czestos¢ wystgpowania niedoboru witaminy D na podstawie danych
z 16 krajow europejskich, gléwnie z Europy potnocnej i zachodniej, bez danych z Polski,
wynosita 13%, biorac pod uwage stezenie 30 nmol/l 1 40,4% dla stezenia 50 nmol/l [36].

Odsetek 0so6b z niedoborem witaminy D jest takze rozny w zaleznos$ci od grupy
populacyjnej. Z badania przeprowadzonego w Danii, Finlandii, Irlandii 1 Polsce wynika,
ze w miesigcach zimowych Polki miaty najnizsze st¢zenie 25(OH)D w pordéwnaniu
z kobietami z pozostatych trzech krajow [37]. Ponadto 87% nastoletnich Polek 1 92%
Polek w wieku ok. 70 lat charakteryzowalo si¢ stezeniem 25(OH)D nizszym niz 50 nmol/l
[37].

Aby zwalcza¢ niedobor witaminy D, niektore rekomendacje zalecajg uzupelnianie
diety suplementami witaminy D przez caty rok [35] lub jedynie w miesigcach jesienno-
zimowych, kiedy synteza skorna witaminy D jest znacznie zmniejszona [33]. Co ciekawe,
polskie rekomendacje [35], zalecaja suplementacj¢ witaming D dla wszystkich grup
wiekowych przez caly rok 1 nie podkreslajg znaczenia glownych 1 naturalnych Zrodet
witaminy D, a mianowicie syntezy skornej i produktow spozywczych. Nalezy podkreslic,
ze wydaja si¢ to by¢ jedyne zalecenia, ktore nie wskazuja naturalnych zrédet witaminy D.

Inne zalecenia, takie jak francuskie, holenderskie, niemiecko-austriacko-szwajcarskie
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1 finskie, podkreslaja przede wszystkim rolg syntezy skornej i diety jako glownych Zrodet
witaminy D [38—41] 1 wskazuja, Ze suplementacj¢ witaming D nalezy rozwazy¢, gdy dieta
nie zapewnia wystarczajacych ilosci witaminy D [41] lub gdy brakuje syntezy skornej
[40]. Finowie ponadto podkreslaja, ze nalezy unika¢ niepotrzebnej suplementacji
witaming D [41], podczas gdy w zaleceniach niemiecko-austriacko-szwajcarskich
wskazano, ze zdrowi dorosli z czgsta ekspozycja na slofice moga osiagna¢ odpowiedni
stan odzywienia witaming D bez stosowania suplementow witaminy D [40]. Takze
wedtug francuskich zalecenh mozliwe jest osiggnigcie odpowiedniego stanu odzywienia
witaming D poprzez ekspozycj¢ na stonce i zywnos$¢ [38].

Ze wzgledu na fakt, ze witamina D jest lepiej przyswajalna z produktow
spozywczych niz z suplementow diety [42] — co przeklada si¢ na znacznie wyzsze
zalecane dawki suplementéw diety niz zalecane spozycie witaminy D z dietg [35,43] —
oraz ze wzgledu na fakt, ze tluste ryby dostarczajg nie tylko witaminy D, ale takze
niezbednych i czesto niedoborowych kwasow thuszczowych omega-3 [3], bardziej
korzystne wydaje si¢ wigc zalecanie zwigkszenia spozycia tlustych ryb niz niezwloczne
wdrazanie suplementacji witaming D.

Przeprowadzone zostaly badania, ktére wykazaty korzystny wpltyw interwencji
zywieniowych na poprawe stanu odzywienia witaming D bez stosowania suplementow.
Wiaczenie do diety 450 g lososia tygodniowo spowodowato zwigkszenie stezenia
25(OH)D w surowicy krwi osob dorostych stosujacych diete o obnizonej warto$ci
energetycznej [44], spozywanie owocOw morza (gtownie tlustych ryb) trzy razy
w tygodniu zwigkszyto stezenie 25(OH)D w surowicy krwi u mieszkancow Norwegii
[45], a codzienne spozywanie 60 g sera Gouda wzbogaconego w witaming D3 zwigkszyto
stezenie 25(OH)D w surowicy krwi u kobiet w Grecji w okresie zimowym [46]. Z drugiej
strony, w niektorych badaniach nie wykazano znaczacego efektu badanych interwencji.
Nie odnotowano na przyktad wzrostu stezenia 25(OH)D w surowicy krwi u dorostych
znadmierng masg ciata w Norwegii, nawet w przypadku spozywania 750 g tososia
tygodniowo [47], a nawet odnotowano obnizenie ste¢zenia 25(OH)D w surowicy krwi po
czterech tygodniach spozywania 50 g tososia we¢dzonego dziennie u mtodych Polek
w badaniu Vitamin D in Salmon (VISA) we wcze$niejszym badaniu wtasnym [48]. Stad
tez potrzeba poszukiwania innych skutecznych interwencji zywieniowych, ktore
mogltyby by¢ wdrazane w ramach zwalczania niedoboru witaminy D. Jest to szczegdlnie

istotne w kontek$cie mtodych kobiet, ze wzgledu na czgste niedobory witaminy D w tej
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grupie, co moze prowadzi¢ do osiggnigcia mniejszej szczytowej masy kostnej, a co za

tym idzie zwigkszonego ryzyka osteoporozy w przysztosci [37].

1.2.5. Problem nadmiernej masy ciala i jej nastepstw u mlodych kobiet

Wedhug statystyk WHO nadmierna masa ciata jest globalnym i coraz cze$ciej
wystepujacym problemem, co wskaza¢ mozna w oparciu o dane z 2022 roku, kiedy na
catym $wiecie 2,5 miliarda dorostych mialo nadwage, a 890 milionéw dorostych miato
otylo$¢, podczas gdy od 1990 roku odsetek dorostych z otyloscig wzrdst ponad
dwukrotnie [49]. Nadmierna masa ciata prowadzi do zwigkszonej czgstosci
wystepowania réznych probleméw zdrowotnych, takich jak cukrzyca, choroby uktadu
krazenia, nadci$nienie tetnicze 1 hiperlipidemia [50]. Najnowsze metaanalizy
potwierdzity te potencjalne zagrozenia, podkreslajac zwigkszone prawdopodobienstwo
rozwoju cukrzycy [51], chordb uktadu krazenia [52] 1 nadcis$nienia tetniczego [53] u 0s6b
z nadwagg i otylo$cia, a takze pozytywne zmiany stezenia lipidow w surowicy krwi po
zmniejszeniu masy ciala [54].

Nalezy zauwazy¢, ze czestos¢ wystepowania otylosci u kobiet jest wyzsza niz
u mezczyzn, a takze ze czesto§¢ wystepowania nadmiernej masy ciala wzrasta wraz
z wiekiem, 0siggajac najwyzszg wartos¢ miedzy 50. a 65. rokiem zycia [55]. Jednakze,
mtode doroste kobiety maja najwyzszy wskaznik przyrostu masy ciala w pordwnaniu
z innymi grupami wiekowymi, co przypisuje si¢ zmianom stylu Zycia, uczeszczaniu na
studia oraz stosowaniu srodkow antykoncepcyjnych [56].

Biorac pod uwage zwigzane z nadmierng masg ciata zagrozenia dla zdrowia,
w zaleceniach dietetycznych wskazuje si¢ kwestie, ktore pomoglyby nie tylko zmniejszy¢
nadmierng masg ciata, ale takze zmniejszy¢ ryzyko potencjalnych konsekwencji otylosci,
takich jak hiperlipidemia, nadcis$nienie t¢tnicze i1 inne choroby uktadu krazenia. AHA
wyrazne uwzglednia ryby 1 owoce morza w swoich wytycznych, podkreslajac ich rolg
w prewencji niektorych z tych zagrozen dla zdrowia. Wedtug AHA [13] spozywanie
2-3 porcji ryb tygodniowo wigze si¢ ze zmniejszong $miertelnoscia i mniejsza czgstoscia
wystepowania chorob uktadu krazenia, w tym choroby wiencowej, zawalu migsnia
sercowego, udaru mozgu i niewydolnos$ci serca [57,58]. Ponadto ostatni wspolny raport
WHO oraz Organizacji Narodéw Zjednoczonych do spraw Wyzywienia 1 Rolnictwa
(ang. Food and Agriculture Organization, FAO) na temat ryzyka i korzy$ci wynikajacych
ze spozycia ryb wskazuje, ze istnieja dowody na zwigzek miedzy wyzszym spozyciem

ryb a zmniejszonym ryzykiem wystapienia chorob serca [59]. Korzysci te przypisuje si¢
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przede wszystkim dlugotancuchowym kwasom tluszczowym omega-3 znajdujacym si¢
w rybach, szczegolnie rybach tlustych, zwlaszcza gdy ryby zastgpuja inne produkty
pochodzenia zwierzecego bogate w kwasy tluszczowe nasycone [60].

W ostatnich latach przeprowadzono badania oceniajace zwigzek miedzy spozyciem
ryb a ryzykiem chorob ukladu krazenia [61], a takze analizujace wplyw zwigkszenia
spozycia ryb tlustych na parametry lipidowe [62]. Jak wynika z analizy obejmujacej
4 migdzynarodowe badania kohortowe z udzialem prawie 200 000 osob z 58 krajow,
przeprowadzonej przez Mohan 1 wsp. [61], spozycie ryb w ilo$ci co najmniej 175 g
tygodniowo wigze si¢ z nizszym ryzykiem wystapienia powaznych chorob uktadu
krazenia u pacjentow z wczesniejszymi chorobami uktadu krazenia niz w przypadku
nizszego spozycia ryb. Na podstawie metaanalizy obejmujacej 14 badan interwencyjnych
z udziatem ponad 1300 osob, przeprowadzonej przez Alhassan i wsp. [62], wskazaé
mozna, ze wlaczenie do diety tlustych ryb prowadzito do znacznej poprawy stezenia
triglicerydow (ang. triacylglycerides, TAG) 1 lipoprotein o duzej gestosci (ang. high-
density lipoprotein, HDL). Nalezy jednak zauwazy¢, ze sredni wiek uczestnikow badania
Mohan 1iwsp. [61] wynosit 54,1 + 8,0 lat, a badanie dotyczylo pacjentow
z wczesniejszymi zaburzeniami czynnosci uktadu sercowo-naczyniowego, podczas gdy
metaanaliza Alhassan i wsp. [62], pomimo uwzglednienia badan przeprowadzonych
rowniez wsréd mtodych osob oraz osob z nadwaga i1 otyloscig, obejmowala badania
opublikowane tylko do 2014 roku. Mato znaczenie, poniewaz wskazuje si¢, zZe
w ostatnich latach pasza ryb hodowlanych, takich jak tosos$, zmienita si¢ w kierunku
oparte] w wigkszym stopniu na roslinach, co skutkuje zmniejszong zawartoscig EPA
1 DHA oraz zwigkszong zawarto$cig kwasow tluszczowych omega-6 w migsie tych ryb
[63], co moze mie¢ znaczenie w kontek$cie wplywu zwigkszenia spozycia ryb na zdrowie
ludzi obecnie 1 w przysztosci. Biorac to pod uwage, konieczne wydaje si¢ prowadzenie
nowych badan interwencyjnych majacych na celu oceng wptywu zwigkszenia spozycia

ryb dostepnych obecnie na rynku na parametry lipidowe.

1.2.6. Losos atlantycki (Salmo salar) jako gatunek ryb bedacy zrodlem witaminy D
i kwasow tluszczowych EPA i DHA

Loso$ atlantycki jako gatunek zaliczany do ryb tlustych jest w diecie czlowieka
dobrym Zrédlem zaréwno witaminy D, jak i kwasow thuszczowych omega-3, szczegdlnie
EPA 1 DHA [3]. Zgodnie z polskimi tabelami sktadu 1 wartos$ci odzywczej, 100 g tososia
atlantyckiego (Salmo salar) dostarcza ok. 13 pg witaminy D [30], jednakze wsrod

19



dostepnych na polskim rynku s3a réwniez wedzone tososie atlantyckie zawierajace
znacznie wigcej, bo az 21,3 pg witaminy D w 100 g [64]. Oznacza to, ze gdyby produkt
ten byl spozywany w ilosciach odpowiadajacych rekomendowanemu spozyciu ryb
(od 100 do 482 g tygodniowo [14]), dostarczalby on od 3,0 do 14,7 pg witaminy D
dziennie, co stanowi od 20 do 98% dziennego zapotrzebowania na t¢ witaming, ktore
wynosi 15 pg [43]. Te same ilosci wedzonego lososia atlantyckiego dostarczatyby
rowniez od 201 do 970 mg kwasoéw thuszczowych omega-3 dziennie, z czego od 87
do 420 mg stanowilyby szczegoélnie istotne z punktu widzenia zdrowia kwasy EPA
1 DHA [65].

Nie mniej wazne jest to, ze, ze wzgledu na niska zawarto$¢ rteci i dioksyn,
hodowlany 1oso$ atlantycki zostal zaklasyfikowany przez ekspertow FAO/WHO
odpowiednio do pierwszej 1 drugiej grupy pod katem stezenia tych zanieczyszczen (grup
0 najnizszym stezeniu 1 niewielkim zagrozeniu z tego wynikajacym) [66]. Fakt ten oraz
wysokie zawartosci EPA i DHA, pozwolity FAO/WHO stwierdzi¢, ze korzysci ptynace
ze spozywania hodowlanego lososia atlantyckiego przewyzszaja zagrozenia zwigzane
z potencjalnymi zanieczyszczeniami [66]. Z tego powodu, hodowlany toso$ atlantycki
wydaje si¢ by¢ dobrym i bezpiecznym zrédiem witaminy D oraz kwaséw tluszczowych

omega-3 w diecie cztowieka.
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1.3. Celi zakres pracy

Cel glowny:

Analiza wiedzy 1 realizacji zalecen zywieniowych dotyczacych spozycia ryb

oraz wplywu interwencji zywieniowych obejmujacych zwigkszenie spozycia tososia

na wybrane wskazniki stanu zdrowia mtodych kobiet.

Cele szczegolowe:

1.

Analiza wiedzy zywieniowe] mlodych Polek dotyczacej spozywania ryb (w tym
wiedzy obejmujacej zawarto$¢ sktadnikéw odzywczych w rybach, aktualne
zalecenia spozycia ryb, a takze korzysSci i potencjalne zagrozenia zwigzane ze
spozywaniem ryb). (publikacja 1)

Analiza wielkos$ci spozycia ryb i jej determinantéw oraz ocena stopnia realizacji

zalecen zywieniowych dotyczacych spozycia ryb przez mlode Polki.

(publikacja 2)

. Analiza wptywu zwigkszenia spozycia tososia w dwoch rdéznych formach (toso$

wedzony i paréwki z tososia) w okresie jesiennym na stan odzywienia witaming D
u mtodych kobiet niesuplementujacych witaminy D. (publikacja 3)

Analiza wplywu zwigkszenia spozycia ryb do poziomu zgodnego z zaleceniami,
przez wprowadzenie do diety tososia wedzonego, na profil lipidowy u miodych

kobiet o nadmiernej masie ciala. (publikacja 4)

Zakres pracy:

1.

Badanie ankietowe przeprowadzone w populacji rekrutowanej na podstawie
doboru losowego powiatow ze wszystkich wojewodztw w Polsce, analizujace
wiedz¢ zywieniowa dotyczaca spozywania ryb oraz wielko$¢ 1 determinanty
spozycia ryb w$rod mlodych Polek uczgszczajacych do  szkot
ponadpodstawowych, w porownaniu z ich rowie$nikami pici meskiej. (badanie 1)
Badanie interwencyjne dotyczace wplywu zwigkszenia spozycia tososia w dwoch
r6znych formach (foso$ wedzony 1 parowki z tososia) w okresie jesiennym na stan
odzywienia witaming D u mlodych kobiet niesuplementujgcych witaminy D,
w poréwnaniu z grupg kontrolng. (badanie 2)

Badanie interwencyjne dotyczace wplywu zwigkszenia spozycia tososia
wedzonego do ilosci odpowiadajacej zalecanemu spozyciu ryb na profil lipidowy
mtodych kobiet o nadmiernej masie ciata, w poroOwnaniu z grupa kontrolng.

(badanie 3)
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1.4. Hipotezy badawcze

Sformulowano nastepujgce hipotezy badawcze:

1.

Wigkszo$¢ miodych Polek wie, jakie sktadniki odzywcze zawieraja ryby oraz
jakie sg aktualne zalecenia spozycia ryb. (publikacja 1)

Wigkszo$¢ miodych Polek spozywa mniej niz zalecane dwie porcje ryb
tygodniowo. (publikacja 2)

Ple¢ zenska, starszy wiek oraz zamieszkanie w regionie z dostegpem do morza
zwigzane s3 z wyzszym spozyciem ryb, niz w przypadku ptci meskiej, mtodszego
wieku oraz zamieszkania w regionie bez dostepu do morza. (publikacja 2)
Istnieje korelacja miedzy wiedza zywieniowa dotyczaca ryb a wielkoS$cig

spozycia ryb. (publikacja 2)

. Zwigkszenie spozycia ryb przez wprowadzenie do diety tososia lub produktow

z lososia, pozwala na spowolnienie obnizenia st¢zenia 25(OH)D w surowicy krwi
w okresie jesiennym u mlodych kobiet niesuplementujacych witaminy D.
(publikacja 3)

Wplyw zwigkszenia spozycia tososia na stezenie 25(OH)D w surowicy krwi jest
jednakowy w przypadku roéznych produktow z lososia, jesli produkty te
dostarczajg takiej samej ilosci witaminy D. (publikacja 3)

Zwigkszenie spozycia tososia do ilo$ci odpowiadajacej zalecanemu spozyciu ryb
przyczynia si¢ do obnizenia st¢zenia triglicerydow oraz podwyzszenia st¢zenia
cholesterolu frakcji HDL w surowicy krwi mtodych kobiet o nadmiernej masie
ciata. (publikacja 4)

Zwigkszenie spozycia tososia do ilosci odpowiadajacej zalecanemu spozyciu ryb
ma szczegolnie pozytywny wptyw na zdrowie mtodych kobiet z nadmierng masg

ciala o stosunku obwodu talii do wzrostu (ang. waist-to-height ratio, WHtR)

powyzej 0,5. (publikacja 4)
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1.5. Material i metodyka badan — najwazniejsze informacje

1.5.1. Informacje ogolne

Przedstawione w tym rozdziale informacje sg jedynie czgscig wszystkich informacji
dotyczacych materialu 1 metodyki przeprowadzonych badan. Wszystkie szczegotowe
informacje znajdujg si¢ w publikacjach naukowych (publikacja 1, publikacja 2,
publikacja 3, publikacja 4), ktére stanowig niniejszg rozprawe¢ doktorska i sg zatagczone
na koncu niniejszej pracy (Rozdziat 2. Kopie publikacji sktadajacych si¢ na rozprawe
doktorska oraz o§wiadczenia wspotautorow).

Na przeprowadzenie badan uzyskano zgode Komisji Etyki Wydzialu Nauk
o Zywieniu Czlowicka i Konsumpcji Szkoty Gtoéwnej Gospodarstwa Wiejskiego
(SGGW) w Warszawie (zgoda numer 27/2018) oraz Komisji Bioetycznej Panstwowego
Instytutu Medycznego Ministerstwa Spraw Wewnetrznych i Administracji (zgoda numer

2/2021).

1.5.2. Ogodlnopolskie badanie ankietowe analizujace wiedze¢ zywieniowa dotyczaca
spozywania ryb oraz wielko$¢ i determinanty spozycia ryb wsrod mlodych
Polek uczeszczajacych do szkol ponadpodstawowych (badanie 1, publikacja
1 i publikacja 2)

Grupa badana

Badanie zostato przeprowadzone w ogodlnokrajowej probie polskich uczennic
1ucznidow szkot ponadpodstawowych. Liste szkét ponadpodstawowych w Polsce
uzyskano z internetowej Wyszukiwarki Rejestru Szkol i Placowek Os$wiatowych
Ministerstwa Edukacji Narodowej [67]. Uwzgledniono nastgpujace typy szkot
ponadpodstawowych: licea ogdlnoksztatcace, licea profilowane, szkoly branzowe,
technika oraz licea plastyczne. Wspodtczynnik skolaryzacji netto dla tych pieciu typow
szk6t  ponadpodstawowych  wynosi  90,83% [68], dlatego stwierdzono, iz
przeprowadzenie badania w szkotach ponadpodstawowych pozwoli na uzyskanie proby
jak najbardziej zblizonej do reprezentatywnej. Zastosowano dwuetapowy warstwowy
losowy dobor proby: (1) losowy dobdr powiatow ze wszystkich wojewddztw w Polsce
oraz (2) zaproszenie do udzialu w badaniu wszystkich szkét ponadpodstawowych
z wylosowanych powiatow. W ramach zastosowanej procedury rekrutacyjnej: (1)
z kazdego wojewodztwa (16 wojewodztw w Polsce) wylosowano 30% powiatow, co dato

facznie 115 powiatow oraz (2) zaproszono do badania uczennice i uczniow ze wszystkich
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szkot ponadpodstawowych ze wszystkich wylosowanych powiatow, co dato tacznie 1357
szkot.

Dyrektorzy i/ lub osoby pracujace w sekretariacie kazdej wylosowanej szkoty
otrzymaty e-mailowe zaproszenie do udzialu w badaniu, a takze informacje o jego celu
i zakresie. Ostatecznie w badaniu wzigto udziat 1 338 uczennic i uczniow z 32 szkét
ponadpodstawowych ze wszystkich siedmiu makroregionéw Polski [69], ktérych
dyrektorzy wyrazili che¢ uczestnictwa w badaniu. Oszacowana minimalna liczebno$¢
proby dla populacji Polek i Polakéw w wieku 14-22 lat (3 275 538 os6b) na podstawie
danych Gléwnego Urzedu Statystycznego (GUS) dla 2021 roku [68], przy 95% poziomie
ufnosci, 5% marginesie bledu i wielkosci frakcji na poziomie 50% wyniosta 384 0sob,
dlatego stwierdzono, ze zgromadzona grupa badana liczaca 1 338 osdb jest wystarczajaco
liczna. Szczegdtowy schemat procedury doboru proby do badania zostat przedstawiony

na Rysunku 1.
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Polki i Polacy w wieku 14-22 lat
n=3275538*
(51,2% mezczyzni; 48,8% kobiety)

A 4

Szkoty ponadpodstawowe w Polsce
n =8 398%*

Wskaznik skolaryzacji netto = 90,83%*

Polki i Polacy w szkolach ponadpodstawowych
n=2975 171%**

Szkoty ponadpodstawowe zaproszone do udzialu w badaniu
n=1357

Uczennice i uczniowie w szkolach zaproszonych do udzialu
w badaniu
n= 347 812%%x%

A

Szkoty ponadpodstawowe biorace udziat w badaniu
n=32

Uczennice i uczniowie w szkolach bioracych udzial w badaniu
n =10 949%**

Odsetek uczennic i uczniow,

[ Uczestniczki i uczestnicy badania

Szkoty w wylosowanych powiatach:
16,16% szkot ponadpodstawowych w Polsce

Odsetek pozytywnych odpowiedzi ze szkot — 2,36%
i

ktorzy wypehili kwestionariusz — 12,22%

:
n=1338 ] Osoby niewlaczone do analiz:

v
/ Osoby wlaczone do analiz: \

Wiedza zywieniowa dotyczaca spozywania ryb (artvkut 1)
n=1289
(849 uczennic i 440 uczniow)

Wielkos¢ i determinanty spozycia ryb (artvkuf 2)
n=1317

\ (870 uczennic i 447 uczniow) /

i wiaczenia dotyczacego é
i wieku (n = 5) ;
i - niewiarygodne odpowiedzi: !
i Wiedza zywieniowa 3
E dotyczqca spozywania ryb
i (artykut 1) (n = 44) E
E Wielkos¢ i determinanty ;
E spozycia ryb (artykut 2) ;

Rysunek 1. Schemat procedury doboru préby do ogolnopolskiego badania ankietowego
analizujacego wiedze¢ zywieniowa dotyczacg spozywania ryb oraz wielko$¢ i determinanty
spozycia ryb wsérdod mtodych Polek uczeszczajacych do szkot ponadpodstawowych.

* na podstawie danych GUS dla 2021 roku [68]; ** na podstawie danych z Wyszukiwarki
Rejestru Szkoét i Placowek Oswiatowych Ministerstwa Edukaciji Narodowej dla 2021 roku [67];
**%* obliczone na podstawie danych GUS dla 2021 roku [68]; **** obliczone na podstawie
danych z Wyszukiwarki Rejestru Szkét i Placowek Oswiatowych Ministerstwa Edukacji

Narodowej dla 2021 roku [67].
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Udziat w badaniu byl dobrowolny. Uczennice i uczniowie chetni do udziatu
w badaniu otrzymali elektroniczny link do kwestionariusza przygotowanego w Google
Forms, a dane byly zbierane metodg wywiadu internetowego wspomaganego
komputerowo (ang. Computer-Assisted Web Interview, CAWI). Do szkot biorgcych
udzial w badaniu przekazane zostaly rowniez informacje dotyczace tego, w jaki sposob
badanie powinno zosta¢ przeprowadzone tzn., ze rodzice/ opiekunowie prawni oraz
nauczyciele nie powinni pomagac¢ uczennicom i uczniom w wypetnianiu kwestionariusza
oraz ze mozliwe jest wypehlienie go na telefonie komoérkowym, cho¢ bardziej
komfortowe bedzie skorzystanie zkomputera. Kwestionariusz byt anonimowy, nie
zbieral zadnych danych umozliwiajacych identyfikacj¢ respondentek i respondentow, ale
umozliwiat weryfikacje kryteriow wiaczenia i wytaczenia.

Kryteriami wiaczenia do badania byty: wiek 14-22 lat, ple¢: zenska i meska (ple¢
me¢ska jako grupa odniesienia dla niniejszej dysertacji), uczeszczanie do szkoty
ponadpodstawowej uczgszczanie do szkoty wylosowanej w ramach doboru do badania,
wyrazenie $wiadomej zgody na udziat w badaniu. Kryteria wykluczenia z badania byty
nastepujace: jakiekolwiek brakujace dane w wypetnionym kwestionariuszu lub

jakiekolwiek niewiarygodne odpowiedzi w wypelnionym kwestionariuszu.

Kwestionariusz

Kwestionariusz wykorzystany w badaniu skladat si¢ z trzech gtownych czgsci:
czgsci pierwsze] (1) weryfikujacej dane socjo-demograficzne, cze$ci drugiej (2)
zwigzanej z analizg wiedzy zywieniowej dotyczacej spozywania ryb i czesci trzeciej (3)
dotyczacej wielkosci spozycia ryb. Na czes$¢ pierwsza (1) sktadaly si¢ pytania zamknigte
dotyczace plci uczestniczki/ uczestnika, miejsca zamieszkania (nazwy wojewodztwa),
wielkos$ci miejscowosci zamieszkania oraz rodzaju szkoly, do ktérej uczeszcza, a takze
pytania otwarte dotyczace wieku, wzrostu i masy ciala respondentki/ respondenta. Na
podstawie odpowiedzi dotyczacych wzrostu 1 masy ciata obliczono wskaznik masy ciata
(ang. Body Mas Index, BMI) kazdej osoby. Prawidtlowos¢ BMI oceniono przy uzyciu
polskich siatek centylowych [70] w przypadku oséb niepetnoletnich (5-85 centyl jako
prawidtowa masa ciata [71]), a w przypadku os6b dorostych przy uzyciu standardowych
punktéw odciecia WHO (18,5-25,0 kg/m? jako prawidlowa masa ciata [72]).

Czes¢ druga (2) kwestionariusza stanowily stwierdzenia zwigzane z wiedzg
zywieniowg dotyczaca ryb, ktdre przygotowano na podstawie badania Burger i Gochfeld

[73], analizujacego wiedz¢ na temat korzysci 1 zagrozen zwiazanych ze spozywaniem
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ryb. Na podstawie wynikdw tego badania [73] przygotowano listg¢ 20 stwierdzen
dotyczacych sktadnikéw odzywczych znajdujacych si¢ w rybach, korzysSci
1 potencjalnych zagrozen zwigzanych ze spozywaniem ryb oraz aktualnych zalecen
spozycia ryb. T¢ cze$¢ kwestionariusza nazwano testem wiedzy o rybach. Stwierdzenia
w tescie zostaly celowo umieszczone w nieuporzadkowanej kolejnosci, tak aby nie
wszystkie stwierdzenia z jednej kategorii nastgpowatly po sobie, co mialo na celu
ograniczenie btedu porzadku (zwigzanego z kolejnoscig pytan). Rowniez celowo
stwierdzenia zostaly sformutowane w taki sposob, aby liczba poprawnych 1 btednych
stwierdzen byla zblizona, co miato na celu ograniczenie btgdu konfirmacji. Ostateczna
wersja tej czesci kwestionariusza zawierata dwanascie stwierdzen prawdziwych i osiem
stwierdzen falszywych, ktore sformulowane zostaly jezykiem potocznym, tak zeby byly
zrozumiale dla os6b wypetiajacych kwestionariusz. Osoby biorace udziat w badaniu
mialy za zadanie okresli¢, czy dane stwierdzenie jest prawidlowe czy fatszywe. Miaty
réwniez mozliwo$¢ zaznaczenia odpowiedzi ,,nie wiem”. Za kazda poprawng odpowiedz
(prawidlowe wskazanie czy stwierdzenie jest prawdziwe czy falszywe) osoby biorace
udzial w badaniu otrzymywaly 1 punkt, za kazda niepoprawng odpowiedz lub
zaznaczenie odpowiedzi ,,nie wiem” — 0 punktéw. Lacznie w tescie wiedzy o rybach
mozliwe byto uzyskanie maksymalnie 20 punktow. Analizowano zar6wno sume punktow
z testu, jak 1 kazde ze stwierdzen osobno. Stwierdzenia zawarte w kwestionariuszu wraz

z poprawnymi odpowiedziami przedstawiono w Tabeli 1.
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Tabela 1. Stwierdzenia dotyczace ryb (sktadniki odzywcze w rybach, korzysci i potencjalne
zagrozenia zwigzane ze spozywaniem ryb, aktualne zalecenia spozycia ryb) wraz z poprawnymi
odpowiedziami.

L.p. Stwierdzenie Poprawna odpowiedz
1. Ryby sg dobrym zrédlem bialka. Prawda
2. Ryby zawieraja duzo btonnika.- Falsz
3. Ryby sa dobrym zrédtem witaminy D. Prawda
4. Ryby zawieraja duzo niezdrowych thuszczow. Falsz
5. Ryby sg dobrym zZrédiem zdrowych thuszczow. Prawda
6. Jedzenie ryb ma korzystny wptyw na serce. Prawda
7. Jedzenie ryb ma niekorzystny wplyw na mozg. Falsz
8. Jedzenie ryb ma korzystny wplyw na caly organizm. Prawda
9. Ryby zawieraja duze ilosci zdrowych thuszczow ,trans”. Falsz
10. Jedzenie ryb pomaga obniza¢ poziom cholesterolu. Prawda
11. Ryby sg dobrym zZrédiem witaminy C. Falsz
12. Jedzenie ryb moze wywotywa¢ alergie. Prawda
13. Ryby moga zawiera¢ bakterie lub pasozyty. Prawda
14. Dzieci i mtodziez nie powinny jes¢ ryb. Falsz
15. Jedzenie ryb jest polecane kobietom w ciagzy. Prawda
16. Ryby moga zawiera¢ zanieczyszczenia. Prawda
17. Ryby powinno si¢ jes¢ maksymalnie raz w tygodniu. Falsz
18. Ryby moga zawiera¢ dioksyny. Prawda
19. Dorsz nalezy do ryb tlustych. Falsz
20. Ryby mogg zawierac rtec. Prawda

Cze$¢ trzecia (3) kwestionariusza zawierata pytania pozwalajace oszacowac
indywidualne spozycie ryb uczestniczek i uczestnikoéw badania. Ze wzgledu na fakt, ze
na polskim rynku dostepnych jest wiele przetwordéw rybnych, o ktdrych spozyciu mozna
zapomnie¢ bedac zapytanym o spozycie ryb, kwestionariusz zawieral osobno pytania
dotyczace spozycia ryb i osobno pytania dotyczace spozycia przetworow rybnych. Do
analizy danych, a takze przedstawienia wynikow uzyto sumy spozycia ryb i przetwordw
rybnych. Na trzecig czg$¢ kwestionariusza sktadaty si¢ cztery pytania:

(1) ,,Jak czesto spozywasz ryby (np. pieczone, smazone, gotowane, paluszki rybne,
kotlety z ryb, itd.)?”” — pytanie zamknigte z pigcioma mozliwymi odpowiedziami:
»Nigdy”, ,,Rzadziej niz 1 raz w miesigcu”, ,,1-3 razy w miesigcu”, ,,1-2 razy
w tygodniu” lub ,,3 lub wiecej razy w tygodniu”;

(2) ,,Ile zazwyczaj wynosi porcja ryby, ktorg spozywasz (w gramach)?” — pytanie
otwarte;

(3) ,,Jak czesto spozywasz przetwory rybne (np. ryby z puszki, ryby wedzone, ryby
w $mietanie/ oleju, pasty rybne, itd.)?” — pytanie zamknig¢te z pig¢cioma
mozliwymi odpowiedziami: ,,Nigdy”, ,,Rzadziej niz 1 raz w miesigcu”, ,,1-3 razy

w miesigcu”, ,,1-2 razy w tygodniu” lub ,,3 lub wigcej razy w tygodniu”;
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(4) ,,JJak duza jest zazwyczaj porcja przetworéw rybnych, ktérg spozywasz
(w gramach)” — pytanie otwarte.

Pytania (1) 1 (3) opracowano na podstawie pytan z krotkiego kwestionariusza
czestotliwosci spozycia do oceny spozycia owocdw morza i suplementow omega-3, ktory
zostal zwalidowany z wykorzystaniem biomarkeréw u 0séb dorostych przez Dahl i wsp.
[74], natomiast pytania (2) i (4) zostaly opatrzone zdj¢ciami z przyktadowymi porcjami
ryb lub przetworow rybnych (w zaleznos$ci od pytania) z Albumu fotografii produktow
1 potraw [75] wraz z podang gramaturg w celu utatwienia oszacowania wielkosci typowo
spozywanej porcji.

Przed badaniem wlasciwym przeprowadzono badanie pilotazowe wsrod
28 ucznidéw 1 uczennic uczeszczajacych do szkot niebioracych udzialu w badaniu, aby
upewnic si¢, ze wszystkie pytania sg zrozumiale i ze nie wystgpig problemy techniczne.

Determinantami, ktore zostaly uwzglednione przy analizie danych byly: pte¢, wiek,
BMI, miejsce zamieszkania, wielkos¢ miejscowosci zamieszkania i rodzaj szkoty, do
ktorej uczeszceza respondentka/ respondent. Miejsce zamieszkania zostalo przedstawione
jako makroregion — bedacy jednostka administracyjng Polski w oparciu o kategorie
stosowane przez GUS w ramach regulacji Unii Europejskiej dotyczacej podziatu
ekonomicznego terenow Unii Europejskiej na regiony na 3 réznych poziomach [69].

Wszelkie bardziej szczegdtowe informacje dotyczace tego badania zawarte sa

w publikacji 1 1 publikacji 2 (w j¢zyku angielskim).

1.5.3. Badanie interwencyjne dotyczace wplywu zwiekszenia spozycia lososia
w dwoch roznych formach (foso§ wedzony i parowki z lososia) w okresie
jesiennym na stan odzywienia witaming D u mlodych kobiet
niesuplementujacych witaminy D (badanie 2, publikacja 3)

Grupa badana

Uczestniczki zostaly zrekrutowane do badania za pomoca wygodnego doboru
proby. Zaproszenie do udziatu w badaniu zostato zamieszczone w uczelnianych mediach
spoteczno$ciowych, przy czym dopuszczono rowniez efekt kuli $nieznej. Kryteriami
wlaczenia do badania byly: ple¢ Zenska, wiek 18-30 lat, zamieszkanie w Warszawie lub
okolicach (umozliwiajace kilkukrotne przybycie do Poradni Dietetycznej Katedry
Dietetyki SGGW w Warszawie w trakcie trwania badania) oraz wyrazenie pisemne]
swiadomej zgody na udzial w badaniu. Kryteria wykluczenia byly nastepujace: cigza,
laktacja, otylo$¢ (zdefiniowana jako BMI > 30,0 kg/m?), stosowanie diety weganskiej lub

innej wykluczajacej ryby, stosowanie suplementéw witaminy D co najmniej 3 tygodnie
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przed rozpoczeciem badania, alergia na ryby i/ lub owoce morza, choroby wptywajace na
metabolizm witaminy D, stosowanie lekow wptywajacych na metabolizm witaminy D,
planowane podréze do miejsc potozonych ponizej 40 réwnoleznika pdinocnego oraz
planowana ekspozycja na promieniowanie ultrafioletowe solarium w czasie trwania
badania.

Lacznie 120 kobiet spenito zalozone kryteria i zostato losowo przydzielonych do
jednej z trzech grup badanych (grupa 1 — grupa interwencyjna spozywajaca tososia
wedzonego, grupa 2 — grupa interwencyjna spozywajaca paréwki z tososia i grupa 3 —
grupa kontrolna) z 40 uczestniczkami w kazdej grupie. Zastosowano losowy przydziat do
grupy badanej przy uzyciu warstwowej randomizacji blokowej, ze stratyfikacja oparta na
wyjsciowym stezeniu 25(OH)D w surowicy krwi. Przydziat ten zapewnil, Ze wyjSciowe
srednie stezenia 25(OH)D byty podobne we wszystkich grupach. Uczestniczki badania
nie otrzymaty zadnej rekompensaty pieni¢znej za udzial w badaniu. W ramach udziatu
w badaniu otrzymaly jednak bezptatng ocene stezenia 25(OH)D w surowicy krwi oraz
analize sktadu ciala (obie trzy razy w trzech punktach czasowych), a uczestniczki

w grupach interwencyjnych otrzymaty dodatkowo produkty interwencyjne.

Interwencja dietetyczna

Interwencje zaplanowano na poziomie 175 g tososia wedzonego tygodniowo, aby
spetni¢ zalecenia dotyczace spozycia ryb, ktore w wiekszosci krajow europejskich
1w USA wynosza okoto 150-300 g tygodniowo [14] oraz aby ilo$¢ byta potencjalnie
fatwa do wiaczenia do codziennej diety. [lo$¢ parowek z tososia zostata dostosowana tak,
aby zapewni¢ podobne spozycie witaminy D w obu grupach interwencyjnych, srednio
okoto 5 pg dziennie, co dato ostateczng ilo§¢ wynoszaca 700 g paréwek z tososia
tygodniowo. Zawarto$¢ witaminy D w dziennej porcji produktow interwencyjnych
wynosita 4,4 png w parowkach z lososia 15,3 ug w lososiu wedzonym. Taka ilos¢
witaminy D pokrywa okoto jedng trzecig zalecanego dziennego spozycia w Polsce, ktore
obecnie wynosi 15 pg [43].

Bioragc pod uwagg opisane zatozenia, w zaleznosci od przydzielonej grupy, kazda
osoba zostata poproszona o wlaczenie do swojej diety 25 g tososia wedzonego (grupa 1)
lub 100 g parowek z tososia (2 pardwki; grupa 2) dziennie lub o niezmienianie niczego
w swojej diecie (grupa 3).

Uczestniczki z grup 1 1 2 mogly alternatywnie spozywaé dwukrotnie wigksza

porcje, ale co drugi dzien, mianowicie: grupa 1 — 50 g tososia wedzonego, a grupa 2 —
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200 g paréwek z tososia (4 paréwki), w zaleznosci od checi. W zwigzku z tym oceniono,
czy istniaty réznice dotyczace czestotliwosci spozywania produktéw interwencyjnych
codziennie lub co drugi dzien mi¢dzy obiema grupami interwencyjnymi (wylaczajac
uczestniczki deklarujace zmienng czegsto$¢ spozywania). Wykazano istotne statystycznie
roznice (p=0,002) pomigdzy grupami. Uczestniczki z grupy spozywajacej pardwki
ztososia czedciej spozywaty produkt interwencyjny codziennie w pordwnaniu
z uczestniczkami z grupy spozywajacej tososia wedzonego (odpowiednio 44,5% vs.
18,5%). I odwrotnie, uczestniczki z grupy spozywajacej tososia wedzonego spozywaty
produkt interwencyjny cz¢sciej co drugi dzieh w pordwnaniu z uczestniczkami z grupy
spozywajacej parowki z tososia (odpowiednio 52,5% vs. 11,0%).

W przypadku pominigcia spozycia lososia wegdzonego lub paréwek z tososia,
uczestniczki byly proszone o spozycie ich tak szybko, jak to bylo to mozliwe.
Dopuszczono spozywanie produktéw interwencyjnych w takiej postaci, w jakiej byty,
atakze poddawanie ich dodatkowej obrobce cieplnej. Uczestniczki badania zostaty
poinstruowane, aby poza produktami dodawanymi w ramach interwencji, nie zmienialy
swojej zwyczajowej diety w zakresie spozycia ryb i wszelkich innych produktow,
podczas gdy produkty wiaczone w ramach interwencji miaty zosta¢ wprowadzone na
miejsce innych produktow bedacych zrodtem biatka, ktore byly przez uczestniczki
zwyczajowo spozywane. Ponadto poproszono je, aby poza interwencja nie wykluczaty
ani nie dodawaly ryb do swojej diety w sposob, ktory zaktocilby ich typowe zwyczaje
zywieniowe. W zwiazku z tym uczestniczki z grupy kontrolnej mogty spozywa¢ dowolne
ryby, w tym tososia, podczas gdy uczestniczki z grup interwencyjnych mogty spozywac
takze dodatkowe ryby, w tym tlososia, ale tylko wtedy, gdy bylo to zgodne z ich
dotychczasowym sposobem odzywiania.

Ze wzgledu na doniesienia, ze spozycie produktow zawierajacych witaming D na
czczo zwigksza jej biodostepnos¢, z uwagi na niskie pH zotadka (okoto 1) [42],
przeprowadzono dodatkowg analiz¢ dotyczaca czestosci spozywania produktow
interwencyjnych na czczo (w ramach pierwszego positku w ciggu dnia). Nie
zaobserwowano jednak réznic miedzy grupa spozywajaca tososia wedzonego a grupa
spozywajacg parowki z tososia (55% vs. 63%; p=0,714; chi-kwadrat).

Zaroéwno toso$ wedzony, jak 1 pardwki z tososia, ktore wykorzystano w badaniu,
pochodzity od jednego producenta, jednego z wiodacych sprzedawcow tososia w Polsce
(Suempol Polska Sp. z 0.0.). Dostarczone produkty pochodzity z tej samej partii

1 znajdowaly si¢ na identycznych tackach z plastrami tososia wedzonego lub paréwkami
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z lososia 1 byly zapakowane w zmodyfikowanej atmosferze. Zarowno toso$ wedzony, jak
1 parowki z tososia zostaty wyprodukowane z hodowlanego tososia atlantyckiego (Sa/mo
salar) pochodzacego z Norwegii. Ze wzgledu na doniesienia dotyczace duzego
zréznicowania zawartosci witaminy D w roznych probkach tososi [76], zawartos¢
witaminy D w uzytych produktach interwencyjnych zostala oznaczona przez wiodace
laboratorium analityczne w Europie — Eurofins Vitamin Testing Denmark (EN
12821:2009-08 [77], LC-DAD, akredytowana metodyka nr 581). Warto$¢ odzywcza

uzytego w badaniu tososia wedzonego i paréwek z tososia przedstawiono w Tabeli 2.

Tabela 2. Warto$¢ odzywcza tososia wedzonego i parowek z tososia uzytych w interwencji
(przedstawiona na 100 g produktu, co odpowiada dziennej porcji paréwek z tososia i czterem
dziennym porcjom tososia wedzonego zaplanowanych w ramach interwencji dietetycznej).

Warto$¢ odzywcza Loso$ wedzony, 100 g Parowki z lososia, 100 g
Energia, kcal 176,0 241,0
Thuszez, g 9,9 16,7
Nasycone kwasy thuszczowe, g 1,7 2,6
Weglowodany, g 1,0 11,4
Biatko, g 20,1 11,6
Sol, g 1,7 1,5
Kwasy tluszczowe omega-3, g 1,4 —
EPA + DHA, mg 610 360
Witamin D3, pug 21,3+5,55 4,41 +1,15

EPA + DHA — suma kwasow eikozapentaenowego (EPA) i dokozaheksaenowego (DHA)

Sktad tososia wedzonego uzytego w interwencji obejmowat tososia atlantyckiego
(Salmo salar) 1 s6l, podczas gdy paréwki z lososia zawieraty: tososia atlantyckiego
(Salmo salar) 85%, wodg, sol, ekstrakty przypraw, glukoze, aromaty, skrobie
ziemniaczang, blonnik ros$linny i skrobie¢ grochowa.

Ze wzgledu na to, ze pH wydaje si¢ wptywac na biodostepnos¢ 1/ lub wchtanianie
witaminy D [42], oceniono rowniez pH tososia wedzonego 1 paréwek z tososia uzytych
w interwencji. Pomiary pH przeprowadzono metoda potencjometryczng przy uzyciu
recznego pH-metru (Testo AG 205, Lenzkirch, Niemcy) skalibrowanego wzgledem
dwoch buforow (pH=4,01; pH=7,00). Kazdy produkt byt poddany analizie w co najmnie;j
pieciu powtérzeniach. Srednie pH paréwek z tososia bylo nieco wyzsze niz tososia
wedzonego (6,49 vs. 6,15; p=0,004; test U Manna-Whitneya). Analizy innych autorow
wskazujg jednak, Ze nie ma r6znic w stabilnosci witaminy D przy warto$ciach pH migdzy
5 a8, co sugeruje, ze pH uzytych produktow nie stanowito czynnika zaktocajacego [78].

Aby utatwi¢ przestrzeganie zalecen interwencji i zapewnic, ze uczestniczki badania

spozywaja produkty rybne o tej samej warto$ci odzywczej, produkty te byly dostarczane
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uczestniczkom i finansowane w ramach badania. Uczestniczki byty proszone o ich odbior
co dwa tygodnie w Poradni Dietetycznej Katedry Dietetyki SGGW w Warszawie, gdzie
przeprowadzono badanie. Ponadto, w celu zminimalizowania btedu zwigzanego
z pominigciem spozycia produktow, uczestniczki codziennie wypetiaty karte kontrolng,
w ktorej odnotowywaty produkty spozywane w ramach interwencji. Za kazdym razem,
gdy uczestniczki odbieraly produkty interwencyjne, oddawaty kart¢ kontrolng i byty
pytane o to, czy udatlo im si¢ spozy¢ wszystkie produkty, z jaka czestotliwoscig
(codziennie czy co drugi dzien) je spozywaty, czy im smakowaty i jak oceniajg swoje

samopoczucie w zwigzku z interwencja.

Pomiary

Badanie podzielono na dwie cze$ci, po cztery tygodnie kazda, aby oceni¢ stan
zdrowia uczestniczek przed, w polowie i po zakonczeniu interwencji. W zwiazku z tym
uczestniczkom trzykrotnie zmierzono stan odzywienia witaming D — przed interwencja
(na poczatku badania, t0), cztery tygodnie po rozpoczeciu interwencji (w 5. tygodniu
badania, t5) 1 po o$miu tygodniach interwencji (tydzien koncowy, tk). Analogicznie
przeprowadzano pomiary antropometryczne, a uczestniczki wypetnily kwestionariusz
oceniajacy spozycie witaminy D rowniez przed, w trakcie (w 5. tygodniu) i po

zakonczeniu interwencji.

Stan odzywienia witamina D
Stan odzywienia witaming D byt oceniany na podstawie pomiaru st¢zenia 25(OH)D
w surowicy krwi. Probki krwi zylnej byly pobierane od uczestniczek badania przez
pielegniarki w czterech certyfikowanych laboratoriach analiz medycznych w Warszawie
(ALAB Laboratoria Sp. z 0.0.), a uczestniczki mogly wybra¢ preferowana lokalizacje.
Do pobrania krwi uczestniczki nie musialy by¢ na czczo. Stezenie 25(OH)D w surowicy
krwi oceniono na analizatorze ALINITY [ firmy Abbott przy uzyciu metody
bezposredniej chemiluminescencji. Ze wzgledu na roézne definicje prawidtowego
poziomu witaminy D [79], uzyskane wyniki stezenia 25(OH)D w surowicy krwi
poréwnano z dwoma réznymi zakresami warto$ci referencyjnych:
e <50 nmol/l — niedobor, 50-250 nmol/l — st¢zenie odpowiednie, >250 nmol/l —
stezenie potencjalnie toksyczne [33,34];
e <75 nmol/l — niedobdr, 75-250 nmol/l — stezenie odpowiednie, >250 nmol/l —

stezenie potencjalnie toksyczne [35].
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Aby zminimalizowa¢ wplyw znajomosci wlasnych wynikow stanu odzywienia
witaming D na styl zycia w trakcie trwania badania (zwlaszcza w kontekscie spozywania
pokarmoéw o duzej zawarto$ci witaminy D 1 przyjmowania suplementéw witaminy D),
atakze w celu poprawy stopnia stosowania si¢ do zatozen badania, uczestniczki
otrzymaty swoje wyniki pomiaru st¢zenia 25(OH)D w surowicy krwi dopiero po

zakonczeniu badania.

Pomiary antropometryczne

Pomiary antropometryczne przeprowadzono przy uzyciu urzadzenia ACCUNIQ
BC720 (Selvas Healthcare, Daejeon, Korea Potudniowa), ktore umozliwia pomiar masy
ciata za pomocg skalibrowanej wagi (doktadnos¢: + 0,5 kg, zakres: 10-270 kg) 1 wzrostu
za pomoca skalibrowanego stadiometru ultradzwigkowego (doktadnos¢: £ 0,1 cm,
zakres: 50-220 cm), a takze oszacowanie masy tkanek migkkich, zawartosci wody, masy
thuszczowej, masy bezthuszczowej i zawartosci tkanki kostne;.

Urzadzenie ACCUNIQ BC720 dokonuje oceny sktadu ciala w oparciu o pomiary
impedancji bioelektrycznej (zakres: 100-950 Q), przy uzyciu o$miu elektrod,
wykorzystujac szes¢ roznych czestotliwosei (1, 5, 50, 250, 550, 1000 kHz), ktére sa
nastgpnie przeliczane przez wbudowany program na zawarto$¢ poszczegolnych tkanek
dla poszczegolnych czesci ciata. Przyjeto, ze masa odziezy wynosi 0,5 kg, co zostato
automatycznie odjete przez wbudowany w urzadzenie program.

Uczestniczki badania zostaly poinstruowane jak przygotowac¢ si¢ do pomiardw
antropometrycznych, tj. nie spozywac¢ alkoholu na 24 godziny przed badaniem, unikaé
intensywnego wysitku fizycznego w dniu badania, nie pi¢ ptyndw na 3 godziny przed
badaniem, nie jes¢ na 4 godziny przed badaniem, odda¢ mocz tuz przed badaniem,
zalozy¢ lekka odziez bez metalowych elementow (np. bezfiszbinowy biustonosz
sportowy) oraz zdja¢ wszelkie metalowe elementy (np. bizuterie, zegarki), a takze ciezsza
odziez, takg jak sweter, a takze buty 1 skarpety przez rozpoczeciem badania.

Podczas pomiarow przekazano uczestnikom jedynie wyniki dotyczace masy ciala
1 wzrostu, natomiast wyniki dotyczace sktadu ciata zostaly im przekazane po zakonczeniu
badania w celu poprawy stopnia stosowania si¢ do zalozen badania. Pomiary
antropometryczne zostaty przeprowadzone w Poradni Dietetycznej Katedry Dietetyki

SGGW w Warszawie.
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Kwestionariusz

Aby oceni¢ spozycie witaminy D, wszystkie uczestniczki wypelnity dostosowany
do specyfiki badania kwestionariusz czestotliwosci spozycia witaminy D (ang. Vitamin D
Estimation Only—Food Frequency Questionnaire, VIDEO-FFQ), ktéry zostal wcze$niej
zwalidowany wsrdéd mtodych kobiet w wieku 20-30 lat [80]. Kwestionariusz ten zostat
dostosowany do specyfiki badania, poniewaz nie uwzglednia on paréwek z tososia.
Z tego powodu dodano do niego dodatkowe pytanie dotyczace ich spozycia. Aby
obliczy¢ dzienne spozycie witaminy D, podany przez autorow kwestionariusza wzor [80]
zostal skorygowany poprzez dodanie wielko$ci spozycia witaminy D z paréwek z tososia
do otrzymanej sumy — przy zatozeniu, ze 100 g paréwek z lososia (dzienna porcja)
dostarcza 4,41 pg witaminy D (jak przedstawiono w Tabeli 2). Co wiecej, zawarto$¢
witaminy D w lososiu wedzonym uzytym w interwencji wynosita 21,32 pg/ 100 g (jak
przedstawiono w Tabeli 2), podczas gdy oryginalna wersja kwestionariusza [80]
zakladata $rednig zawartos¢ 15 pg/ 100 g. W zwigzku z tym zmierzona zawarto$¢
witaminy D (21,32 pg/ 100 g) zostala wykorzystana we wzorze do obliczenia dziennego
spozycia witaminy D dla wszystkich porcji tososia wedzonego spozywanych przez
uczestniczki  z grupy interwencyjnej 1 (spozywajacej ‘tososia wedzonego).
Kwestionariusz zostal przygotowany w Google Forms, a link do niego byt wysytany do

uczestniczek za posrednictwem poczty elektroniczne;j.

Przebieg badania

Przebieg badania przedstawiono na Rysunku 2. W trakcie badania niektore
uczestniczki zrezygnowaly z udzialu, a inne zostaly wykluczone z powodu
nieprzestrzegania zalozen badania, w tym niestawienia si¢ na pobranie krwi. Catkowity
odsetek o0sob, ktére nie ukonczyly badania wynidst 17,5%, a do analiz wlaczono

ostatecznie 99 uczestniczek.
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Rysunek 2. Przebieg przeprowadzonego badania interwencyjnego dotyczacego wptywu
zwigkszenia spozycia tososia w dwoch réznych formach (foso$ wedzony lub paréwki z tososia)
w okresie jesiennym na stan odzywienia witaming D u mtodych kobiet niesuplementujacych

witaminy D.
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Wielko$¢ proby wymagana do analiz zostata obliczona na podstawie populacji
kobiet w wieku 19-30 lat w wojewodztwie mazowieckim w roku 2022 (318 200, zgodnie
z danymi GUS [81]). Przyjmujac odsetek 0sob z otytoscia wynoszacy 25,9% dla tej grupy
[82], liczba kobiet bez otylosci wynosita 235 786. Zastosowano 95% poziom ufnosci,
10% margines btgdu 1 20% czegstos¢ wystepowania niskich stgzen witaminy D
(<25 nmol/1) [83], co dato szacunkowa wymagang wielko$¢ proby wynoszaca 61 0sob.
Z tego wzgledu grupe 99 kobiet, ktore ukonczyty udziat w badaniu 1 zostaty wtaczone do
analiz uznano za wystarczajaca.

Ze wzgledu na fakt, ze suplementacja witaming D jest powszechnie zalecana
w populacji polskiej [35], zaplanowano 3-tygodniowy okres wash-out dla oséb, ktére
dotychczas stosowaly suplementacje witaming D. W sumie 20 z 99 uczestniczek (20,2%)
zadeklarowato, ze stosowato suplementacj¢ witaming D w postaci suplementu
witaminy D, oleju rybnego lub multiwitaminy. Pomimo okresu wash-out, ich poczatkowe
stezenie 25(OH)D w surowicy krwi byto wyzsze niz oséb, ktore nie stosowaty tego typu
suplementow (80,2 nmol/l vs. 61,2 nmol/l; p=0,003). Pomimo to, na zmiany stezenia
25(OH)D w surowicy krwi podczas interwencji nie mialo wptywu to, czy uczestniczki
przyjmowaly suplementy witaminy D przed badaniem czy nie (p=0,243; p=0,522;
p=0,536; t0-t5, t5-tk i tO-tk, przy poréwnaniu 0s6b, ktore przyjmowaty i nie przyjmowaly
suplementoéw witaminy D na 3 tygodnie przed badaniem). W zwiazku z tym zatozono, ze
okres wash-out zostal zaplanowany prawidtowo.

Poniewaz stan odzywienia witaming D ulega zmianom w ciggu roku, wszystkie
uczestniczki zostaly wilaczone do badania 1 ukonczyly je w tym samym czasie.
Interwencja zostata przeprowadzona jesienig i trwata od 24 pazdziernika do 18 grudnia
2022 r. Powodem wyboru takiego czasu interwencji byl fakt, Ze w krajach takich jak
Polska synteza witaminy D w skorze, bedaca gldéwnym zrodtem tej witaminy, jest
mozliwa tylko od kwietnia do pazdziernika [28], a zdecydowano si¢ przeprowadzi¢

badanie tuz po tym okresie.
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1.5.4. Badanie interwencyjne dotyczace wplywu zwi¢kszenia spozycia lososia
wedzonego na profil lipidowy mlodych kobiet o nadmiernej masie ciala
(badanie 3. publikacja 4)

Grupa badana

Niniejsze badanie interwencyjne przeprowadzono wsrod miodych kobiet
o nadmiernej masie ciala. Uczestniczki zostaly zrekrutowane do badania za pomoca
wygodnego doboru proby. Zaproszenie do udzialu w badaniu zostalo zamieszczone
w uczelnianych mediach spoteczno$ciowych, przy czym dopuszczono rowniez efekt kuli
$nieznej. Kryteriami wigczenia do badania byty: pte¢ zenska, wiek 18-30 lat, nadwaga
lub otytosé¢ (definiowana jako BMI > 25,0 kg/m? [84]), zamieszkanie w Warszawie lub
jej okolicach (umozliwiajace kilkukrotne przybycie do Poradni Dietetycznej Katedry
Dietetyki SGGW w Warszawie w trakcie trwania badania) oraz wyrazenie pisemnej
swiadomej zgody na udziat w badaniu. Kryteria wykluczenia byty nast¢pujace: cigza,
laktacja, stosowanie diety weganskiej lub innej wykluczajacej ryby, alergia na ryby i/ lub

owoce morza oraz stosowanie suplementow kwasow ttuszczowych omega-3.

Interwencja dietetyczna

Interwencja dietetyczna trwata osiem tygodni (od 18 grudnia 2021 do 11 lutego
2022 roku) i polegata na spozywaniu 200 g tososia wedzonego tygodniowo w celu
zwigkszenia spozycia kwasow tluszczowych omega-3 (EPA i DHA). Wedzony toso$
uzyty w badaniu pochodzit od jednego producenta, Suempol Polska Ltd., jednego
z wiodacych polskich producentow tososia i byl wyprodukowany z norweskiego
hodowlanego 1tososia atlantyckiego (Salmo salar). Pochodzit z tej samej partii
1 zapakowany byt na identycznych tackach w atmosferze modyfikowane;.

Spozycie 200 g tososia tygodniowo jest zgodne z zaleceniami spozycia ryb, ktore
w wigkszosci krajow europejskich 1 USA wynosza okoto 150-300 g tygodniowo [14].
Zdecydowano si¢ na uzycie tososia wedzonego, a nie $wiezego, ze wzgledu na dluzszy
okres przydatnosci do spozycia, a takze fakt, ze loso§ wedzony moze by¢ spozywany bez
obrobki termicznej, a zatem jego wiaczenie do diety 1 regularne spozywanie jest
fatwiejsze i szybsze w porownaniu do §wiezego lososia.

Ze wzglgdu na duze zrdéznicowanie zawartosci poszczegélnych kwasow
thuszczowych w tososiu [85,86], ich zawartos¢ w uzytym produkcie zostata poddana
analizie przez GBA Polska — polskie laboratorium badan zywnos$ci (numer akredytacji

AB 1095; akredytacja od pazdziernika 2009 r.). Warto$¢ odzywcza tososia wedzonego
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uzytego w interwencji przedstawiono w Tabeli 3. Przecig¢tna dzienna podaz tososia
wedzonego (okoto 28,6 g) dostarczala okoto 50 kcal, 5,8 g biatka 1 2,8 g thuszczu, w tym
403 mg kwasow ttuszczowych omega-3, z czego EPA + DHA stanowity 174 mg, co
odpowiada 69,6% podazy na poziomie 250 mg EPA + DHA dziennie zalecanej przez
EFSA [87].

Tabela 3. Wartos¢ odzywcza tososia wgdzonego uzytego w interwencji w przeliczeniu na 100 g
oraz w przeliczeniu na przecigtng dzienng podaz.

R il 28,6
WA G D (przecietna d,ziegnna podaz)
Energia, kcal 176 50,3
Thuszez, g 9,87 2,82
Kwasy tluszczowe nasycone, g 1,70 0,49
Kwasy thuszczowe jednonienasycone, g 5,23 1,49
Kwasy thuszczowe wielonienasycone, g 2,94 0,84
Kwasy tluszczowe omega-3, mg 1410 403
ALA, mg 450 129
EPA, mg 290 83
DHA, mg 320 91
EPA + DHA, mg 610 174
Kwasy tluszczowe omega-6, mg 1270 363
Stosunek omega-6/omega-3 0,9 0,9
Kwasy tluszczowe trans, g <0,1 <0,1
Bialko, g 20,12 5,75
Sol, g 1,67 0,48

ALA —kwas alfa-linolenowy; EPA — kwas eikozapentaenowy; DHA — kwas dokozaheksaenowy;
EPA+DHA - suma kwasu eikozapentaenowego i dokozaheksaenowego

Wedzony toso§ byl przekazywany uczestniczkom nieodptatnie, aby ulatwic
przestrzeganie zalecen interwencji 1 zapewni¢, ze uczestniczki badania spozywaja rybe
o te] same] wartosci odzywczej. Uczestniczki w grupie interwencyjnej otrzymywaty
200 g tososia wedzonego tygodniowo, ktory byt im przekazywany w czterech 50-
gramowych opakowaniach. Ze wzgledu na dlugi okres przydatnosci do spozycia,
uczestniczki odbieraty produkty raz na dwa tygodnie (otrzymujac osiem 50-gramowych
opakowan, tj. tacznie 400 g) w Poradni Dietetycznej Katedry Dietetyki SGGW
w Warszawie, gdzie przeprowadzono badanie. Uczestniczki badania zostaly
poinstruowane, aby spozywac cztery opakowania tososia wedzonego tygodniowo (co
odpowiada 200 g/ tydzien). Mogty spozywaé go w czterech oddzielnych 50 g porcjach
w r6znych dniach (50 g dziennie w ciggu czterech roznych dni w tygodniu) lub podzieli¢
opakowania na mniejsze porcje, tak aby spozywac tososia codziennie przez caly tydzien.
Zaznaczono jednak, ze uczestniczki nie powinny spozywac¢ wigcej niz jedno opakowanie

(50 g) w ciagu jednego dnia. Dodatkowo, aby zmniejszy¢ btad zwigzany z pominigciem
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spozycia dostarczonego tososia we¢dzonego, uczestniczki wypelniaty codzienng karte
kontrolng, ktéora umozliwiala zaréwno im jak 1iautorce niniejszej dysertacji
monitorowanie spozycia produktu interwencyjnego.

Dopuszczono spozywanie tososia wedzonego w takiej postaci, w jakiej byl, a takze
poddawanie go dodatkowej obrobce cieplnej. Uczestniczki badania zostaly
poinstruowane, aby poza tososiem dodanym do diety w ramach interwencji, nie zmieniaty
swojej zwyczajowe] diety w zakresie spozycia ryb 1 wszelkich innych produktow,
podczas gdy toso$§ wedzony wilaczony w ramach interwencji miat zosta¢ wprowadzony
na miejsce innych produktéw bedacych zrodiem biatka, ktére byty przez uczestniczki
zwyczajowo spozywane. Ponadto poproszono je, aby poza interwencja nie wykluczaty
ani nie dodawaty ryb do swojej diety w sposob, ktory zaktocitby ich typowe zwyczaje
zywieniowe. W zwigzku z tym uczestniczki z grupy kontrolnej mogly spozywaé¢ dowolne
ryby, w tym lososia, podczas gdy uczestniczki z grupy interwencyjnej mogly spozywac
takze dodatkowe ryby, w tym tososia, ale tylko wtedy, gdy byto to zgodne z ich

dotychczasowym sposobem odzywiania.

Pomiary
Badanie sktadato si¢ z dwoch etapow, z ktorych kazdy trwat cztery tygodnie, w celu

oceny stanu zdrowia uczestniczek przed, w potowie 1 po zakonczeniu pelnej
osmiotygodniowej interwencji. Trzykrotnie oceniono profil lipidowy oraz wykonano
pomiary antropometryczne — na poczatku badania (przed interwencja, t0), w potowie

badania (w 5. tygodniu, t5) 1 po o$miu tygodniach interwencji (tydzien koncowy, tk).

Badanie krwi

W celu oceny profilu lipidowego, probki krwi zylnej zostaly pobrane przez
pielegniarki z Niepublicznego Zaktadu Opieki Zdrowotnej SGGW w Warszawie
1 poddane analizie w certyfikowanym laboratorium analiz medycznych Diagnostyka S.A.
w Warszawie. Do pobrania krwi uczestniczki zostaty poproszone o bycie na czczo
(niespozywanie positkow na 12 godzin przed pobraniem krwi, przy czym ostatni positek
nie powinien by¢ obfity ani tlusty) oraz niespozywanie alkoholu na 12 godzin przed
pobraniem krwi. Wszystkie pobrania krwi mialy miejsce rano, mi¢dzy godzing 7:40
a 9:00.

Analiza profilu lipidowego obejmowata pomiar stezenia cholesterolu catkowitego

(ang. total cholesterol, TC) (mg/dl), stg¢zenia cholesterolu frakcji HDL (mg/dl), stezenia
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cholesterolu  frakcji  lipoprotein o  niskiej gestosci (ang.  low-density
lipoprotein, LDL) (mg/dl), stezenia triglicerydow (ang. triglycerides, TAG) (mg/dl),
podczas gdy stezenie nie-HDL (mg/dl) obliczono jako roéznice miedzy TC i HDL.
Zalecane st¢zenia analizowanych parametrow gospodarki lipidowej dla os6b z niskim
ryzykiem chordb uktadu krazenia [88], uznanych za wartosci referencyjne ze wzgledu na

mtody wiek uczestniczek, przedstawiono w Tabeli 4.

Tabela 4. Zalecane st¢zenia analizowanych parametrow gospodarki lipidowej [88] uznane
za wartosci referencyjne.

Parametr gospodarki lipidowej Zalecane stezenie, mg/dl
TC <190,0
HDL >45,0
nie-HDL <145,0
LDL <115,0
TAG <150,0

TC — cholesterol catkowity; HDL — lipoproteiny o wysokiej gestosci; LDL — lipoproteiny o niskiej
gestosci; TAG — triglicerydy

Na podstawie uzyskanych wynikéw profilu lipidowego obliczono nastgpujace
wskazniki aterogenno$ci:

e Wskaznik Aterogennosci Osocza (ang. Atherogenic Index of Plasma, AIP),
e Wskaznik Aterogenny (ang. Atherogenic Coefficient, AC),

e Wskaznik Cholindex (ang. Cholesterol Index),

e Wskaznik Castellego 1 (ang. Castelli Risk Index 1, CRI-1),

e Wskaznik Castellego 2 (ang. Castelli Risk Index 2, CRI-2),

e stosunek TAG/HDL.

AIP obliczono jako AIP =1og(TAG/HDL) z TAG i HDL wyrazonych w st¢zeniach
molowych [89], AC jako stosunek nie-HDL do HDL (AC = nie-HDL/HDL) [90],
cholindex jako réznice miedzy LDL 1 HDL (cholindex = LDL - HDL) z LDL 1 HDL
wyrazonych w stezeniach mg/dl [91], CRI-1 jako stosunek TC do HDL (CRI-1 =
TC/HDL) [92], CRI-2 jako stosunek LDL do HDL (CRI-2 = LDL/HDL) [92], a stosunek
TAG/HDL obliczono na podstawie ste¢zeh TAG 1 HDL wyrazonych w mmol/l [93].

Pomiary antropometryczne

Pomiary antropometryczne przeprowadzono przy uzyciu skalibrowanej wagi-
stadiometru RADWAG WPT 200 OW (pomiar masy ciata i wzrostu; doktadno$¢: 0,1 kg
10,5 cm; zakres: 2-200 kg 1 100-200 cm), tasmy antropometrycznycznej (obwod talii
1 obwod bioder; doktadnos¢ 0,1 cm) oraz urzadzenia AKERN BIA 101 Anniversary
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Physiological Data Analyzer (pomiar sktadu ciata). Pomiar obwodu talii realizowano
w plaszczyznie horyzontalnej w potowie odlegtosci miedzy dolnym brzegiem tuku
zebrowego 1 gérnym grzebieniem kosci biodrowej 1 zdefiniowano jako najwezsza czes¢
tutowia, a obwdd bioder — rowniez w plaszczyznie horyzontalnej, lecz na poziomie
kolcow biodrowych przednich gérnych i zdefiniowano jako najszersza czes$¢ tutowia.
Obliczono stosunek obwodu talii do wzrostu (ang. waist-to-height ratio, WHtR) oraz
obwodu talii do bioder (ang. waist-to-hip ratio, WHR).

Urzadzenie AKERN BIA 101 Anniversary Physiological Data Analyzer dokonuje
oceny sktadu ciala w oparciu o pomiary impedancji bioelektrycznej przy uzyciu czterech
elektrod (dwoch przyklejonych do dloni i dwoch do stopy), wykorzystujac prad
o czestotliwosci 50 kHz 1 natezeniu 400 pA. Pomiaru dokonywano po dominujacej
(prawej lub lewej) stronie ciala uczestniczki, a jesli uczestniczka miata w ciele metalowe
implanty — po stronie bez tych elementow. Urzadzenie AKERN BIA 101 wyswietla opor
(Rz) i reaktancje (Xc), ktore nastgpnie, wraz z wiekiem, wzrostem i masg ciata
uczestniczki zostaty wpisane do programu BodyGram, co pozwolilo na oszacowanie:
stosunku sodu do potasu, masy tluszczowej, masy beztluszczowej, masy komorek ciata,
wskaznika masy komorek ciata, masy mig$niowej, catkowitej ilosci wody w organizmie,
masy wody pozakomoérkowej i masy wody wewnatrzkomorkowe;.

Wyniki uczestniczek zostaty porownane i sklasyfikowane zgodnie z nast¢pujacymi
warto$ciami referencyjnymi:

e BMI 25,0-29,9 kg/m? sklasyfikowano jako nadwage, natomiast BMI>30,0 kg/m?
jako otylos¢ [84];

e obwad talii co najmniej 88 cm uznano za otylos$¢ centralng [94];

e WHtR powyzej 0,5 uznano za dodatkowy czynnik ryzyka chorob uktadu
krazenia [95];

e zawarto$¢ tkanki thuszczowej w organizmie ponizej 36,0% uznano za prawidtowa,
36,0%-41,9% za nadwagg, a co najmniej 42,0% za otylos¢ [96].

Uczestniczki badania zostaly poinstruowane, jak przygotowac si¢ do pomiaréw
antropometrycznych, tj. nie spozywac alkoholu na 24 godziny przed badaniem, unikac
intensywnego wysitku fizycznego w dniu badania, nie je$¢ na 4 godziny przed badaniem,
nie pi¢ ptyndw na 3 godziny przed badaniem, odda¢ mocz tuz przed badaniem, zatozy¢

lekka odziez bez metalowych elementoéw (np. bezfiszbinowy biustonosz sportowy) oraz
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zdja¢ wszelkie metalowe elementy (np. bizuterig, zegarki), a takze ciezsza odziez, taka
jak sweter, a takze buty i skarpety przez rozpoczeciem badania.

Podczas pomiardéw przekazano uczestnikom jedynie wyniki dotyczace masy ciata
1 wzrostu, natomiast wyniki dotyczace sktadu ciata zostaty im przekazane po zakonczeniu
badania w celu poprawy stopnia stosowania si¢ do zatozen badania. Pomiary
antropometryczne zostaly przeprowadzone w Poradni Dietetycznej Katedry Dietetyki
SGGW w Warszawie.

Uczestniczki zostaly poproszone o niepodejmowanie staran w celu utraty masy
ciata w trakcie badania. Pomimo tego, masa ciata niektérych z nich ulegta zmniejszeniu
(o maksymalnie 5,0 kg w ciaggu o$miu tygodni w grupie interwencyjnej i 2,1 kg w ciggu
osmiu tygodni w grupie kontrolnej). Niemniej jednak, nie byto znaczacych réznic masy
ciala przy poréwnaniu jej wartosci na poczatku, w potowie badania i po zakonczeniu
interwencji dla catej grupy badanej (p=0,993), dla grupy interwencyjnej (p=0,960) ani dla
grupy kontrolnej (p=0,987), zgodnie z testem Friedmana. Jednocze$nie odsetek
uczestniczek, ktore zmniejszyly mas¢ ciata i tych, ktére nie zmniejszyly masy ciala
w grupie interwencyjnej i kontrolnej rowniez nie r6znit si¢ (w obu grupach: zmniejszenie

masy ciala n = 10, brak zmniejszenia masy ciata n = 9; p = 1,000, test chi-kwadrat).

Kwestionariusz

Na poczatku badania (przed rozpoczeciem interwencji), kazda z uczestniczek
wypetnita kwestionariusz przygotowany w wersji online w Google-Forms, zawierajacy
pytanie otwarte dotyczace wieku oraz pytania zamknigte dotyczace poziomu
wyksztalcenia, aktywnos$ci fizycznej, a takze typowej czestotliwosci spozycia ryb
1 innych owocdéw morza. Dodatkowo, biorac pod uwage fakt, ze inni autorzy wskazuja
réznice w profilu lipidowym u 0s6b palacych papierosy w poréwnaniu do oséb
niepalagcych [97], rowniez w populacji miodych kobiet [98], w kwestionariuszu
zamieszczono pytanie dotyczace palenia papierosOw — pytanie zamknigte z trzema
mozliwymi odpowiedziami: ,,Pal¢ tradycyjne papierosy”, ,,Pal¢ e-papierosy” lub ,,Nie
pale”. Nastgpnie zadano pytanie otwarte dotyczace liczby papierosow wypalanych
w ciggu tygodnia.

Ponadto w celu oceny sposobu zywienia uczestniczek na poczatku badania (przed
rozpoczeciem interwencji), kazda z uczestniczek wypehnita kwestionariusz 3-dniowego
biezacego notowania spozycia. Kazda osoba zostata poinformowana jak prawidlowo

wypetni¢ kwestionariusz, to znaczy aby: odnotowa¢ wszystkie produkty spozywcze
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i napoje spozyte w ciggu dwoch dni roboczych i1 jednego dnia weekendowego (dnia
wolnego od pracy), przy czym nalezato wybra¢ dni nienastgpujace po sobie, typowe dla
zwyczajowego sposobu zywienia; okresli¢ ilosci przy uzyciu miar domowych lub
doktadnej masy (g) lub objetosci (ml); podac¢ szczegdlowe informacje na temat
wszystkich produktéw (np. zawarto$¢ thuszczu w produktach mlecznych, rodzaj
pieczywa, rodzaj mig¢sa, nazwa sklepu lub restauracji w przypadku spozywania gotowych
positkow, marka napoju itp.). Podczas oddawania kwestionariuszy zywieniowych, kazdy
z nich byl weryfikowany, aby upewnic si¢, ze zostaty one poprawnie wypetnione i nic nie
zostalo pominigte (np. przekaski w ciggu dnia). Szczegdlng uwage zwrdcono na thuszcze
i oleje, zwlaszcza te dodawane do zywno$ci podczas przygotowywania positkow.
W przypadku brakujacych informacji, uzupetniano je na tym etapie, natomiast do
oszacowania wielko$ci porcji w przypadku jakichkolwiek niejasno$ci wykorzystano
Album fotografii produktow i potraw [75]. Analize wielko$ci spozycia poszczegdlnych
sktadnikéw przeprowadzono przy uzyciu programu Nuvero [99] — profesjonalnego
programu dietetycznego wykorzystujacego baze danych produktow spozywczych
z polskich Tabel sktadu i1 wartosci odzywczej zywnosci [30] oraz baze danych
Departamentu Rolnictwa Stanow Zjednoczonych (ang. United States Department of
Agriculture, USDA) [100] dla dostepnych na polskim rynku surowcéw i produktéw, dla
ktorych brakuje danych w polskiej bazie. Na podstawie danych pozyskanych z biezacego
notowania obliczono: przecietng warto$¢ energetyczng diety (kcal/ dzien), spozycie
biatka ogoélem (g/ dzien), spozycie biatka zwierzecego (g/ dzien), spozycie biatka
roslinnego (g/ dzien), stosunek biatka zwierzgcego do biatka ro$linnego w diecie,
spozycie tluszczu (g/ dzien), spozycie nasyconych kwaséw thuszczowych (g/dzien),
spozycie  jednonienasyconych  kwasow  tluszczowych  (g/ dzien), spozycie
wielonienasyconych kwaséw tluszczowych (g/ dzien), spozycie kwaséw tluszczowych
omega-6 (g/ dzien), spozycie kwaséw tluszczowych omega-3 (g/ dzien), stosunek
kwasow tluszczowych omega-6/omega 3 w diecie, spozycie kwasu linolowego (LA)
(g/ dzien), spozycie kwasu alfa-linolenowego (ALA) (g/dzien), spozycie EPA
(mg/ dzien), spozycie kwasu dokozapentaecnowego (DPA) (mg/dzien), spozycie
DHA (mg/ dzien), spozycie cholesterolu (g/ dzien), spozycie wegglowodandw (g/ dzien),
spozycie glukozy (g/ dzien), spozycie fruktozy (g/ dzien), spozycie sacharozy (g/ dzien),
spozycie laktozy (g/dzien), spozycie blonnika pokarmowego (g/ dzien), a takze

procentowy udziat energii pochodzacej z biatka, ttuszczow 1 weglowodanow.
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Przebieg badania

Sposrod 57 kobiet, ktore wyrazity zainteresowanie udziatem w badaniu, 46 spetnito
kryteria wlaczenia 1 zostalo losowo przydzielonych do grupy interwencyjnej lub
kontrolnej przy uzyciu metody pair-matching w oparciu o warstwowa randomizacje
blokowa, ze stratyfikacja wzgledem profilu lipidowego (odchylenie od norm dla TC,
cholesterolu frakcji HDL, nie-HDL, LDL i TAG) oraz BMI. Stratyfikacja wzglgdem
profilu lipidowego prowadzona byta w taki sposéb, ze zatozono, iz wszystkie parametry
profilu lipidowego dla obu parowanych uczestniczek muszg miesci¢ si¢ w zakresie
wartosci referencyjnych, lub dla obu parowanych uczestniczek musza odbiega¢ od
wartos$ci referencyjnych, lub dla obu parowanych uczestniczek niektére z parametrow
muszg odbiega¢ od warto$ci referencyjnych, a inne miesci¢ si¢ w zakresie wartosci
referencyjnych. Stratyfikacja wzgledem BMI prowadzona byta w taki sposob, ze
zatozono, iz réznica BMI migdzy parowanymi uczestnikami nie mogta przekracza¢ 10%
wartosci BMI. Dzigki temu parametry profilu lipidowego i BMI, a takze liczba
uczestniczek z prawidlowymi vs. zbyt wysokimi/ zbyt niskimi parametrami profilu
lipidowego, byly poréwnywalne miedzy obiema grupami na poczatku badania (p>0,05),
w wyniku czego w kazdej grupie znalazty si¢ 23 kobiety. Przebieg przeprowadzonego

badania przedstawiono na Rysunku 3.
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Podczas trwania badania jedna uczestniczka z grupy interwencyjnej 1 trzy
uczestniczki z grupy kontrolnej zostaty wykluczone ze wzgledu na niestawienie si¢ na
pobranie krwi w 5. tygodniu interwencji. W zwigzku z tym, po zakonczeniu badania,
odpowiadajace im uczestniczki z drugiej z grup (trzy z grupy interwencyjnej i jedna
z grupy kontrolnej) réwniez zostaty wykluczone z analizy. W rezultacie w ostatecznych
analizach uwzgledniono 38 sparowanych uczestniczek (19 z grupy interwencyjnej i 19
z grupy kontrolnej).

Minimalna wymagana do analiz liczebno$¢ proby zostata obliczona na podstawie
populacji kobiet w badanej grupie wiekowej zamieszkujacych wojewodztwo
mazowieckie, w ktérym przeprowadzono badanie (318 200, wedlug GUS [81]).
Przyjmujac czesto$é wystgpowania osob z nadmierng masa ciata (BMI > 25,0 kg/m?)
w tej grupie wiekowej na poziomie 25,9% [82], populacje docelowa okreslono na 82 414.
Zastosowano 90% poziom ufnosci, 15% margines btedu 1 60% czesto$¢ wystepowania
dyslipidemii w populacji osob z nadwaga lub otytoscig [101], co dato szacunkowa
wymagang wielkos¢ proby wynoszaca 29 osob. Ostatecznie zgromadzona grupa liczaca

38 kobiet zostata zatem uznana za wystarczajaca.
1.5.5. Analiza statystyczna

Analize statystyczng zebranych danych przeprowadzono przy uzyciu Statgraphics
Plus dla Windows 5.1 (Statgraphics Technologies Inc., The Plains, VA, USA), Statistica
(wersja 8.0113.3, Statsoft Inc., Tulsa, OK, USA) i programu Jamovi (The Jamovi Project,
wersja 2.3 12.63, Sydney, Australia) [102].

Przyjeto poziom istotno$ci statystycznej wynoszacy p < 0,05, podczas gdy wartosci
p € (0,05; 0,1) uznano za wskazujace na tendencje. Do oceny normalno$ci rozktadu
zastosowano test Shapiro-Wilka. Wyniki przedstawiono jako $rednig £ SD 1 mediang
z zakresem percentyli (P25; P75) lub jako $rednia = SD i1 mediang z zakresem
minimum-maksimum (Min—-Max).

Do poréwnan migdzy grupami, wykorzystano test t-Studenta (w przypadku dwoch
grup i danych o rozktadzie normalnym) lub test U Manna-Whitneya (w przypadku dwéch
grup idanych o rozktadzie odbiegajagcym od normalnego) lub analize wariancji
(ANOVA) Fishera, a nastepnie test Tukeya (HSD) dla analizy post hoc (w przypadku
trzech lub wigcej grup i danych o rozktadzie normalnym) lub ANOVA Kruskala-Wallisa,
a nastgpnie test Steel-Dwass-Critchlow-Fligner (DSCF) dla analizy post hoc
(w przypadku trzech lub wigcej grup idanych o rozkladzie odbiegajacym od

normalnego). Do obliczenia korelacji uzyto korelacji rang Spearmana (dla danych
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o rozktadzie odbiegajacym od normalnego). Test chi-kwadrat lub test chi-kwadrat
z poprawka Yatesa zostal wykorzystany do analizy r6znic migdzy grupami w odniesieniu

do zmiennych kategorycznych.
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1.6. Wybrane wyniki

Przedstawione w tym rozdziale informacje sg jedynie czg$cig wszystkich wynikow
jakie uzyskano na podstawie przeprowadzonych badan. Wyniki uwzglednione w tym
rozdziale zostaly wybrane w taki sposob, aby zilustrowa¢ te niezbedne do weryfikacji
postawionych hipotez badawczych (przedstawionych na poczatku dysertacji). Wszystkie
pozostate wyniki znajduja si¢ w publikacjach naukowych (publikacja 1, publikacja 2,
publikacja 3, publikacja 4), ktore stanowia niniejszg rozprawe doktorska i sg zalgczone
na koncu niniejszej pracy (Rozdziat 2. Kopie publikacji sktadajacych si¢ na rozprawe

doktorska oraz o§wiadczenia wspotautorow).

1.6.1. Ogdlnopolskie badanie ankietowe analizujace wiedz¢ zywieniowa dotyczaca
spozywania ryb oraz wielkos¢ i determinanty spozycia ryb wsrod mlodych
Polek uczeszczajacych do szkol ponadpodstawowych (badanie 1)

W Tabeli 5 przedstawiono liczbe poprawnych i1 niepoprawnych odpowiedzi
udzielonych przez mlode Polki w odpowiedzi na pytania dotyczace sktadnikow
odzywczych, ktore zawieraja ryby, korzysci i potencjalnych zagrozen zwigzanych ze
spozywaniem ryb oraz aktualnych zalecen spozycia ryb. Stwierdzenie o najwyzszym
odsetku poprawnych odpowiedzi dotyczylo ryb jako zrodta biatka (81,3%), zalecenia, ze
spozycie ryb jest polecane dzieciom i mtodziezy (79,3%) oraz ryb jako dobrego zrdodta
zdrowych (prozdrowotnych) thuszczow (78,6%). Stwierdzeniem, ktére uzyskato najmnie;j
poprawnych odpowiedzi, bylo stwierdzenie dotyczace kwasow thuszczowych trans
(8,1%) oraz stwierdzenie dotyczace dioksyn (18,3%). Jedynie co druga mtoda Polka
wiedziala, ze ryby sg dobrym Zrédtem witaminy D (55,5%), a mniej niz 1/3 wiedziata, ze
ryby powinno si¢ je$¢ przynajmniej dwa razy tygodniu (32,2%) oraz ze ryby nie sa
zrédtem btonnika (30,2%) ani witaminy C (31,2%).
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Tabela 5. Liczba poprawnych i niepoprawnych odpowiedzi udzielonych przez mtode Polki w odpowiedzi na pytania dotyczace sktadnikow odzywczych, ktore
zawieraja ryby, korzysci i potencjalnych zagrozen zwigzanych ze spozywaniem ryb oraz aktualnych zalecen spozycia ryb.

Sktadniki odzywcze
zawarte w rybach

Liczba (%) oséb
Analizowane wiedza zywieniowa Analizowane stwierdzenie Odpowiedz Odpowiedz
poprawna niepoprawna
Ryby sa dobrym zrodtem biatka. 690 (81,3%) 159 (18,7%)

Ryby nie sg zrodtem blonnika. 256 (30,2%) 593 (69,8%)
Dorsz nie nalezy do ryb thustych. 196 (23,1%) 653 (76,9%)
Ryby nie sg zrodlem kwasow tluszczowych trans. 69 (8,1%) 780 (91,9%)

Ryby sa dobrym zrédtem witaminy D.

471 (55,5%)

378 (44,5%)

Ryby nie sg zrodlem witaminy C.

265 (31,2%)

584 (68,8%)

Korzysci zwigzane
ze spozywaniem ryb
oraz aktualne zalecenia

Jedzenie ryb ma korzystny wptyw na caty organizm.

627 (73,9%)

222 (26,1%)

Jedzenie ryb ma korzystny wptyw na serce.

563 (66,3%)

286 (33,7%)

Jedzenie ryb ma korzystny wplyw na moézg.

562 (66,2%)

287 (33.8%)

Jedzenie ryb jest zalecane dzieciom i mtodziezy.

673 (79.3%)

176 (20,7%)

Jedzenie ryb jest polecane kobietom w cigzy.

335 (39,5%)

514 (60,5%)

Ryby powinno si¢ je$¢ przynajmniej dwa razy tygodniu.

273 (32,2%)

576 (67,8%)

Wptyw kwasow thuszczowych
zawartych w rybach na zdrowie

Ryby sg dobrym zrédiem zdrowych tluszczow.

667 (78,6%)

182 (21,4%)

Kwasy tluszczowe zawarte w rybach maja korzystny wpltyw na zdrowie.

571 (67.3%)

278 (32,7%)

Jedzenie ryb pomaga obniza¢ poziom cholesterolu.

351 (41,3%)

498 (58,7%)

Potencjalne zagrozenia
zZwigzane ze spozywaniem ryb

Jedzenie ryb moze wywolywa¢ alergie. 230 (27,1%) 619 (72,9%)
Ryby moga zawiera¢ bakterie lub pasozyty. 427 (50,3%) 422 (49,7%)
Ryby moga zawiera¢ zanieczyszczenia. 513 (60,4%) 336 (39,6%)

Ryby moga zawiera¢ dioksyny.

155 (18,3%)

694 (81,7%)

Ryby moga zawierac rtec.

286 (33,7%)

563 (66,3%)
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Poprawno$¢ odpowiedzi na wyzej wymienione stwierdzenia przeanalizowano
takze w grupie m¢zczyzn w porownaniu do kobiet. Zauwazono rdznice w poprawnosci
odpowiedzi w przypadku niektorych ze stwierdzen (p<0,05) — w przypadku pieciu ze
stwierdzen wigkszy odsetek kobiet niz mezczyzn udzielit poprawnej odpowiedzi,
natomiast w przypadku jednego stwierdzenia wigkszy odsetek mezczyzn niz kobiet
udzielit poprawnej odpowiedzi. Wyniki te przedstawiono w sposob szczegdlowy
w publikacji 1.

Analogicznie, przeanalizowano takze roznice w poprawnosci odpowiedzi na
analizowane stwierdzenia w podgrupach w zaleznos$ci od: wieku, BMI, miejsca
zamieszkania (wie$/ miasto), odlegloSci miejsca zamieszkania od morza (region
z bezposrednim dostgpem do morza/ region bez dostepu do morza) oraz rodzaju
uczeszczanej szkoty. Wyniki te znajduja si¢ w publikacji 1.

Wielkos$¢ spozycia ryb (g/ tydzien) w grupie wszystkich badanych mtodych Polek
i Polakow oraz w podziale na podgrupy w zaleznos$ci od plci, miejsca zamieszkania
(makroregion, wielko$¢ miejscowosci), BMI, wieku oraz rodzaju szkoly przedstawiono
w Tabeli 6. Mediana spozycia ryb w calej grupie wyniosta 34,9 g tygodniowo. Mezczyzni
charakteryzowali si¢ wyzszym spozyciem ryb niz kobiety (46,5 vs. 31,6 g; p<0,001),
a osoby uczeszczajace do liceum ogodlnoksztatcacego zadeklarowaty wyzsze spozycie ryb
niz osoby uczeszczajace do szkoty branzowej lub technikum (43,0 vs. 29,0 g; p=0,010).
Miejsce zamieszkania (makroregion, wielko$¢ miejscowosci), BMI oraz wiek nie
roznicowaly wielkosci spozycia (p>0,05). Jedynie 5% (40 os6b) badanych miodych
Polek spehito zalecenie spozycia co najmniej 300 g ryb tygodniowo, natomiast
uwzgledniajac alternatywny poziom wynoszacy minimum 150 g, odsetek ten wyniost

10% (86 0sdb) (dane nieprzedstawione w tabeli).
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Tabela 6. Wielkos$¢ spozycia ryb (g/ tydzien) w grupie wszystkich badanych mtodych Polek
i Polakow oraz w podziale na podgrupy w zaleznosci od pici, miejsca zamieszkania
(makroregion, wielko§¢ miejscowosci), BMI, wiek oraz rodzaj szkoty.

Spozycie ryb, g/ tydzien
Podgrupa 2 n=1317 D
Srednia + Mediana
SD (Min—Max)
Ogodlem 78,7 +135,8 | 34,9 (0,0-1650,0)* —
. Zenska 65,8 +108,9 | 31,6 (0,0-900,0)*
Plec Meska 103.6 £ 1743 | 465 (0.0-1650,0)* | ~001
Ponocno-Zachodni 82,4+ 123,8 | 40,7 (0,0-690,0)*
Micjsce P(’)lnocny. 76,3 +141,9 | 29,0 (0,0-1275,0)*
Jamicszkania Wschodni 64,2 +1254 | 17,4 (0,0-808,0)*
_ Potudniowo-Zachodni 85,1 £138,2 | 34,9 (0,0-900,0)* | 1,000
S Potudniowy 63,1 £83.8 | 34,0 (0,0-405,0)*
makroregion Centralny 80,1 91,4 | 56,4 (0,0-495,0)%
Mazowiecki 80,7 +150,7 | 39,5 (0,0-1650,0)*
Miejsce Wie$ 68,5 +105,9 | 32,0 (0,0-750,0)*
zamieszkania Miasto <50.000 90,5+ 157,6 | 39,5 (0,0-1650,0)* 0.567
— wielkos¢ Miasto 50.000—-100.000 71,3+112,7 | 40,7 (0,0-900,0)* ’
miejscowosci Miasto >100.000 99,4+ 187,8 | 37,1 (0,0-1275,0)*
Niedowaga 77,6 £127,9 | 30,2 (0,0-675,0)*
BMI Prawidlowa masa ciata 75,0£130,9 | 38,3 (0,0-1650,0)* | 0,407
Nadwaga lub otyto§¢ 90,2 +151,7 | 31,9 (0,0-900,0)*
Wiek Nizszy (do 16. roku zycia) | 749+ 1286 | 34,9 (0.0-12750)* | |
Wyzszy (>16 lat) 82,4+ 142,6 | 34,9 (0,0-1650,0)* |
. LO 86,4 +134,6 | 43,0 (0,0-1200,0)*
Rodzaj szkoly Szk. branz. lub techn. 745 % 1363 | 29.0 (0.0-1650,0)* | 019

* brak rozkladu normalnego (test Shapiro—Wilka; p<0,05); ** makroregion — NUTS 1, jednostka
administracyjna Polski w oparciu o kategorie stosowane przez GUS w ramach regulacji Unii
Europejskiej dotyczacej podziatu ekonomicznego terenéw Unii Europejskiej na regiony na
3 réznych poziomach (fr. Nomenclature des Unités Territoriales Statistiques, NUTS) [69];
LO —liceum ogolnoksztalcace; Szk. branz. lub techn. — szkota branzowa lub technikum;
BMI — wskaznik masy ciala (ang. Body Mass Index)

W Tabeli 7 przedstawiono spozycie ryb (g/ tydzien), sum¢ punktow uzyskanych
w tescie wiedzy o rybach oraz korelacj¢ migdzy wielko$cig spozycia ryb a wynikiem testu
wiedzy o rybach wérdd badanych miodych Polek ogétem oraz wérdd badanych mtodych
Polek w podziale na podgrupy ze wzgledu na wiek i rodzaj szkoly. Mediana wyniku
ztestu wiedzy o rybach ws$rod wszystkich badanych mtodych Polek wyniosta
10 punktéow, a korelacje migdzy wielkoscig spozycia ryb a wynikiem testu wiedzy
o rybach zaobserwowano zaréwno w catej grupy mlodych Polek jak i we wszystkich
innych analizowanych podgrupach (p<0,05). Wskazuje to, ze wigksza znajomo$¢
zagadnien dotyczacych sktadnikéw odzywczych, ktore zawierajg ryby, korzysci
1 potencjalnych zagrozen zwigzanych ze spozywaniem ryb oraz aktualnych zalecen

spozycia ryb zwigzana jest z wyZszym spozyciem ryb w grupie mtodych Polek.
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Tabela 7. Spozycie ryb (g/ tydzien), suma punktéw uzyskanych w tescie wiedzy o rybach oraz korelacja migdzy wielko$cig spozycia ryb a wynikiem testu
wiedzy o rybach wérdd badanych mtodych Polek ogdtem oraz w podziale na podgrupy ze wzgledu na wiek i rodzaj szkoty.

Spozycie ryb, Test wiedzy o rybach, Korelacja
Podgrupy g/ tydzien punkty, maks = 20 spozycie ryb — test
’ wiedzy o rybach**
Srednia + SD Mediana (Min—Max) Srednia + SD Mediana (Min—Max) y R
MlOd?nPiﬂégf e 658+1089 | 316(0.0-900,0)% 97442 10,0 (0,0-20,0)* <0,001 | 0,1913
le(s;i(;lg)lat) 59,4+ 101,2 28,4 (0,0-900,0)* 9.0+ 42 9.0 (0.0-19,0)* <0001 | 02178
Wiek -
Wyz(izi (3>5146) lat) 712+1148 32,8 (0,0-900,0)* 102+ 4,1 11,0 (0,0-20,0)* <0001 | 01678
Liceum ogodlnoksztatcace g . - .
Rodzaj (n = 282) 76,2 +123,7 39,5 (0,0-900,0) 10,6 +4,1 11,0 (0,0-19,0) <0,001 0,2064
szkoty Szkota branzowa lub % %
technikum (7 = 388) 59,0 £97.5 23,3 (0,0-900,0) 9,0 £4,1 9,0 (0,0-20,0) <0,001 0,1584

* brak rozktadu normalnego (test Shapiro—Wilka; p<0,05); ** korelacja rang Spearmana
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W Tabeli 8 przedstawiono wielko$¢ spozycia ryb (g/ tydzien) wsrdod badanych
mtodych Polek ogdétem w zaleznosci od poprawnosci odpowiedzi na pytania dotyczace
zalecen zwigzanych ze spozyciem ryb. Spozycie ryb bylo ponad dwa razy wyzsze
w grupie mtodych Polek, ktore wiedziaty, ze dzieci i mtodziez powinny jes¢ ryby (34,9
vs. 15,1 g; p<0,001) oraz prawie dwa razy wyzsze w grupie tych, ktore wiedziaty, ze ryby
powinno spozywac si¢ czesciej niz raz w tygodniu (45,3 vs. 23,3 g; p<0,001)
w porownaniu do milodych Polek, ktore nie udzielity poprawnej odpowiedzi na

analizowane pytania.

Tabela 8. Wielkos¢ spozycia ryb (g/ tydzien) wsréd badanych miodych Polek ogoétem
w zaleznosci od poprawnosci odpowiedzi na pytania dotyczace zalecen zwigzanych ze spozyciem

ryb.

Analizowana wiedza Spozycie ryb, g/ tydzien
dotyczaca zalecen Poprawnos¢ n =870 P
zwigzanych odpowiedzi 2 . Mediana
ze spozyciem ryb I =RIL (Min—Max)
Poprawna odpowiedz 34,9
+
. Dzicci i mlodziez (n = 692) 70,5 1471 6 0-000,0)* 0001
powinny jes¢ ryby” Brak poprawnej 477 + 804 15,1 ’
odpowiedzi (n = 178) ’ ’ (0,0 — 555,0)*
. Poprawna odpowiedz 45,3
,,‘Ryby’ powinno (n =277) 101,2 +147,7 (0,0-900,0)*
spozywac si¢ czesciej - <0,001
niz. raz w tygodniu” Brak poprawnej 49,3 +79,9 23,3
odpowiedzi (n = 593) ’ ’ (0,0-750,0)*

* brak rozktadu normalnego (test Shapiro—Wilka; p<0,05)

1.6.2. Badanie interwencyjne dotyczace wplywu zwiekszenia spozycia lososia
w dwoch roznych formach (loso$ wedzony lub parowki z lososia) w okresie
jesiennym na stan odzywienia witaming D u mlodych kobiet
niesuplementujacych witaminy D (badanie 2)

Stezenie 25(OH)D w surowicy krwi uczestniczek na poczatku, po czterech
tygodniach i po o$miu tygodniach interwencji zostato przedstawione w Tabeli 9. Srednie
poczatkowe stezenie 25(OH)D w calej badanej grupie wynosito 65,1 + 24,9 nmol/l i nie
roznito si¢ migdzy grupami (p>0,05). Co zaskakujace, stezenie 25(OH)D nie roznito si¢
miedzy badanymi grupami takze po czterech 1 o§miu tygodniach interwencji (p>0,05).
We wszystkich grupach zaobserwowano obnizenie stezenia 25(OH)D po czterech 1 o§miu
tygodniach interwencji. Jednakze malejaca warto$¢ p od p=0,947 na poczatku badania do
p=0,130 po o$miu tygodniach moze sugerowacé, ze czas interwencji mogt by¢ zbyt krotki,

aby zaobserwowac statystycznie istotne réznice.
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Tabela 9. Stezenie 25-hydroksycholekalcyferolu (25(OH)D) w surowicy krwi uczestniczek na poczatku, po czterech tygodniach i po o$miu tygodniach
interwencji.

Grupa interwencyja Grupa interwencyja Grupa kontrolna
Cazas spozywajaca lososia wedzonego spozywajaca parowki z lososia P
n =238 n=27 n=234
Srednia + SD Mediana (P25; P75) Srednia + SD Mediana (P25; P75) Srednia + SD Mediana (P25; P75)
t0 64,2 £ 23,2 63,5 (47,8;77,2) 66,3 + 24,9 65,8 (48,6; 80,4) 65,1 £27.3 61,5 (47,9; 76,4) 0,947
t5 55,9+ 18,6 56,9 (41,0; 68,9) 61,9+226 57,5 (46,8; 75,5) 53,8 +£234 56,4 (33,9; 69,8) 0,323
tk 52,6 £ 188 53,3 (36,7; 63,0) 62,4 +£26,5 56,3 (45,8; 68,3)* 483 +£21.,8 48,4 (32,6; 62,5) 0,130

* brak rozktadu normalnego (test Shapiro—Wilka; p<0,05); ** ANOVA Fishera (dla rozkladu normalnego) lub ANOVA Kruskalla-Wallisa (dla braku rozktadu
normalnego); t0 — przed rozpoczgciem interwencji; t5 — po czterech tygodniach interwencji, w 5. tygodniu; tk — po zakonczeniu 8-tygodniowej interwencji
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W Tabeli 10 przedstawiono zmiany stezenia 25(OH)D w surowicy krwi
uczestniczek w trakcie badania. Zaobserwowano réznice miedzy grupami pod wzgledem
zmian stezenia 25(OH)D w surowicy krwi (p<0,05), przy czym najwigksze obnizenie
odnotowano w grupie kontrolnej, a najmniejsze w grupie interwencyjnej Spozywajacej
parowki z tososia. Analiza post hoc wykazata, ze r6znice w zmianach t0—t5 oraz t5—tk
dotyczyly wylacznie grupy kontrolnej oraz grupy spozywajacej parowki z tososia
(odpowiednio p=0,019 i p=0,017). Dla zmiany t0—tk wykazano r6znice zar6wno mi¢dzy
grupg kontrolng a grupa spozywajaca parowki z tososia (p<0,001), jak 1 miedzy grupa
spozywajaca tososia wedzonego a grupa spozywajaca parowki z tososia (p=0,034). Nie
zaobserwowano roéznic w zmianach stg¢zenia 25(OH)D dla zmiany tO0—tk pomiedzy grupa
spozywajaca tososia wegdzonego a grupa kontrolng (p>0,05). Wyniki te wskazuja, iz
analizowana interwencja dietetyczna byla znacznie bardziej skuteczna w przypadku
grupy interwencyjnej spozywajacej parowki zlososia niz tososia wedzonego.
W przypadku grupy interwencyjnej spozywajacej tososia wedzonego interwencja byta
skuteczniejsza w poréwnaniu do jej braku dla grupy kontrolnej, co stwierdzono analizujac
poszczegblne 4-tygodniowe etapy badania, natomiast biorgc pod uwagg caty czas trwania
interwencji (osiem tygodni) nie bylo istotno$ci statystycznej réznic (brak réznic

pomiegdzy grupa spozywajaca lososia wedzonego a grupg kontrolng).
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Tabela 10. Zmiany stezenia 25-hydroksycholekalcyferolu (25(OH)D) w surowicy krwi uczestniczek w trakcie badania.

Grupa interwencyja Grupa interwencyja Grupa kontrolna
Cazas spozywajaca lososia wedzonego spozywajaca parowki z lososia P
n =238 n=27 n=234
Srednia + SD Mediana (P25; P75) Srednia + SD Mediana (P25; P75) Srednia + SD Mediana (P25; P75)
t0 do t5 -8,2+11,6 —6,3 (—12,2; —2,1)*® —-43+82 2,5 (=11,4; 0,0° -11,4+10,5 —10,0 (-=16,1; —4,5)* 0,022
t5 do tk -3,3+6,8 -3,1 (=6,1; —0,5)*® 0,4 +38,6 2,3 (—4,5; 3,8)*° -5,5+4,6 —4,4 (-8,4; —2,3)* 0,020
t0 do tk -11,6 + 14,1 —9,3 (-17,6; =3,9)** -39+132 —4,3 (=8,5; —0,8)*P -16,9+ 12 4 —15,0 (=22,0; -8,4)** | <0,001

* brak rozktadu normalnego (test Shapiro—Wilka; p<0,05); ** ANOVA Fishera (dla rozktadu normalnego) lub ANOVA Kruskalla-Wallisa (dla braku rozktadu
normalnego); rozne litery w wierszach (a, b, ¢) oznaczajg istotne statystycznie réznice miedzy grupami (p<0,05); t0 — przed rozpoczgciem interwencji; t5 — po
czterech tygodniach interwencji, w 5. tygodniu; tk — po zakonczeniu 8-tygodniowej interwencji
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Poréwnanie zmian st¢zenia 25(OH)D w surowicy krwi uczestniczek w trakcie
trwania badania (od t0 do tk) migdzy podgrupami charakteryzujacymi si¢ odpowiednim
(25(OH)D > 50 nmol/I) lub nieodpowiednim (25(OH)D < 50 nmol/l) stanem odzywienia
witaming D przed interwencja przedstawiono w Tabeli 11. W grupie interwencyjnej
spozywajacej tososia wedzonego zaobserwowano réznice bliska istotnosci statystycznej
(p=0,055) w zmianie st¢zenia 25(OH)D po o$miu tygodniach interwencji mi¢dzy
uczestniczkami z odpowiednim i nieodpowiednim stanem odzywienia witaming D przed
interwencjag — mediana obnizenia 25(OH)D u uczestniczek z odpowiednim stanem
odzywienia witaming D przed interwencja wyniosta 12,5 nmol/l, podczas gdy
u uczestniczek z nieodpowiednim stanem odzywienia witaming D przed interwencjg —
5,8 nmol/l, co stanowi ponad 2 razy mniej. W$rodd uczestniczek z grupy interwencyjnej
spozywajacej paréwki z tososia réznica miedzy podgrupami byta istotna statystycznie
(p=0,048) natomiast nie byla az tak znaczna — mediana obnizenia 25(OH)D
u uczestniczek z odpowiednim stanem odzywienia witaming D przed interwencja
wyniosta 5,4 nmol/l, podczas gdy u uczestniczek z nieodpowiednim — 3,0 nmol/l.
W grupie kontrolnej nie zaobserwowano tego typu réznic (p=0,117). Wyniki te wskazuja,
ze analizowana interwencja dietetyczna byla bardziej efektywna (zaobserwowano
mniejsze obnizenie 25(OH)D) u uczestniczek z nicodpowiednim stanem odzywienia
witaming D przed interwencja, co bylo widoczne szczegdlnie w grupie interwencyjnej

spozywajacej parowki z tososia.
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Tabela 11. Zmiany st¢zenia 25-hydroksycholekalcyferolu (25(OH)D) w surowicy krwi uczestniczek (nmol/l) w trakcie trwania badania (od tO do tk)
w podgrupach charakteryzujacych si¢ odpowiednim (25(OH)D > 50 nmol/l) lub nieodpowiednim (25(OH)D < 50 nmol/l) stanem odzywienia witaming D przed

interwencja.
Grupa interwencyjna Grupa interwencyjna Grupa kontrolna
Stan odzywienia spozywajaca lososia wedzonego spozywajaca paréwki z lososia
witaming D (Odpowiedni 25(OH)D w t0': n = 27, (Odpowiedni 25(OH)D w t0': n = 18, (Odpowiedni 25(OH)D w t0': n = 24,
przed Nieodpowiedni 25(OH)D w t0*: n = 11) Nieodpowiedni 25(OH)D w t0*: n = 9) Nieodpowiedni 25(OH)D w t0% n = 10)
interwencja : . Mediana o 2 . Mediana o : . Mediana o
Srednia = SD (P25; P75) P Srednia + SD (P25; P75) P Srednia = SD (P25; P75) p
S -12,5 -5,4 -18,5
1 _ > _ b _ 5
Odpowiedni 14,8+ 12,9 (-21,0; -5.3)* 7,0+ 13,9 (-16.3: -1,6) 19,0+ 13,9 (-24.0: -8.0)
53 0,055 3.0 0,048 12.8 0,117
. . .2 _ - ) - ) _ - 4
Nieodpowiedni 3,6£143 (-11,0: -3.0)* 2,3+9,7 (-4.3: 7.8)* 11,6 +4,8 (-14,6;-9,0)

* brak rozktadu normalnego (test Shapiro—Wilka; p<0,05); ** ANOVA Fishera (dla rozkladu normalnego) lub ANOVA Kruskalla-Wallisa (dla braku rozktadu

normalnego); 'Odpowiedni stan odzywienia witaming D przed interwencjg zdefiniowany jako 25(OH)D > 50 nmol/l; * Nieodpowiedni stan odzywienia
witaming D przed interwencjg zdefiniowany jako 25(OH)D < 50 nmol/l; 25(OH)D — 25-hydroksycholekalcyferol; tO — przed rozpoczgciem interwencji; tk — po

zakonczeniu 8-tygodniowej interwencji
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Liczba uczestniczek, u ktdrych stezenie 25(OH)D wzrosto lub utrzymalo si¢ na
statym poziomie w poréwnaniu do tych, u ktorych stezenie 25(OH)D obnizylo si¢
w trakcie trwania badania zostata przedstawiona w Tabeli 12. W ciggu pierwszych
czterech tygodni interwencji (od t0 do t5) wzrost/ utrzymanie stezenia 25(OH)D
zaobserwowano u 17% (n = 17) uczestniczek, w trakcie ostatnich czterech tygodni
interwencji (od t5 do tk) u20% (n = 20), a w catym okresie interwencji u 9% (n = 9). Co
ciekawe, od t0 do t5 zaobserwowano roznice pomiedzy grupami, ktore nie bytly istotne
statystycznie, lecz bliskie istotnosci (p=0,097). Natomiast od t5 do tk, w analizie post
hoc, r6éznice zaobserwowano pomiedzy grupa spozywajaca parowki z tososia a grupa
kontrolng (p=0,015), a takze bliska istotnosci statystycznej réznice pomiedzy grupa
spozywajaca lososia wedzonego a grupg kontrolng (p=0,077). Nie zaobserwowano réznic
pomiedzy grupa spozywajaca tososia wedzonego a grupa spozywajaca parowki z tososia
(p>0,05). Analizujac caly czas trwania badania, od t0 do tk, w analizie post hoc,
zaobserwowano roznice bliskie istotnosci statystycznej pomigdzy grupa spozywajaca
parowki z tososia a grupa kontrolng, jak réwniez pomiedzy grupa spozywajaca tososia
wedzonego a grupa spozywajaca parowki z tososia (odpowiednio p=0,052 i p=0,095),
natomiast nie zaobserwowano réznic miedzy grupa spozywajaca tososia wedzonego
a grupa kontrolng (p>0,05). Oznacza to, ze podobnie jak przy analizie zmian stezenia
25(0OH)D, analizowana interwencja dietetyczna byla znacznie bardziej skuteczna
w podwyzszeniu/ utrzymaniu 25(OH)D w surowicy krwi w przypadku grupy
interwencyjnej spozywajacej pardwki z lososia niz w przypadku grupy interwencyjnej

spozywajacej tososia wgdzonego.
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Tabela 12. Liczba uczestniczek, u ktorych stezenie 25-hydroksycholekalcyferolu (25(OH)D)
wzrosto lub utrzymatlo si¢ na statym poziomie w poréwnaniu do tych, u ktérych stezenie 25(OH)D
obnizyto si¢ w trakcie trwania badania.

Grupa Grupa Grupa
interwencyjna interwencyjna kontrolna
Cazas Zmiana stezenia spozywajaca spozywajaca «
25(OH)D lososia paréwki z lososia p
wedzonego

n =238 n=27 n =234
Wzrost/ utrzymanie 6 (16%) 8 (30%) 3 (9%)

10 dot5 Obnizenie 32 (84%) 19 (70%) 31091%) | %97
Wzrost/ utrzymanie 9 (24%) 9 (33%) 2 (6%)

©5 do tk Obnizenic 29 (76%) 18 (67%) 32 (94%) | 0%
Wazrost/ utrzymanie 2 (5%) 6 (22%) 1 (3%)

10 do tk Obnizenic 36 (95%) 21 (78%) 33 (97%) | 020

* test chi’; tO0—przed rozpoczeciem interwencji; t5 — po czterech tygodniach interwencji,
w 5. tygodniu; tk — po zakonczeniu 8-tygodniowej interwencji

1.6.3. Badanie interwencyjne dotyczace wplywu zwi¢kszenia spozycia lososia
wedzonego na profil lipidowy mlodych kobiet o nadmiernej masie ciala

(badanie 3)

Profil lipidowy uczestniczek w grupie interwencyjnej oraz kontrolnej przed
interwencja, w trakcie interwencji (po czterech tygodniach, w tygodniu 5) i po o$miu
tygodniach interwencji przedstawiono w Tabeli 13. Stgzenia poszczegdlnych parametrow
profilu lipidowego na poczatku badania nie réznity si¢ migdzy grupami (p>0,05). Co
zaskakujace, nie zaobserwowano roznic takze w trakcie ani po zakonczeniu interwencji

(p>0,05).
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Tabela 13. Profil lipidowy uczestniczek w grupie interwencyjnej oraz kontrolnej przed interwencja, w trakcie interwencji (po czterech tygodniach, w tygodniu 5)

1 po o$miu tygodniach interwencji.

Grupa interwencyjna Grupa kontrolna
. Skladowa profilu spozywajaca lososia wedzonego
Czas pomiaru lipidowl;go pomTR n=19 ; i n=19 p**
Srednia + SD Mediana (Min—Max) Srednia + SD Mediana (Min—Max)
TC, mg/dl 185,4 +£42.8 171,9 (130,3-318,5)* 180,2 +£29,7 174,7 (142,1-236,3) 0,885
Przed HDL, mg/dl 59,0 + 14,2 58,1 (36,9-87.4) 57,4+10,8 55,9 (38,9-84,0) 0,701
interwencja Nie-HDL, mg/dl 126,5+43,1 124,2 (71,1-251,7)* 1229+314 112,9 (86,7-189,5)* 0,885
(t0) LDL, mg/dl 105,9 £38,4 101,4 (57,7-220,0)* 98,7 £25,7 89,3 (73,0-159,2)* 0,644
TAG, mg/dl 101,3 +£35,3 89,9 (46,0-185,3) 120,6 = 62,3 99,4 (53,9-267,0)* 0,549
TC, mg/dl 186,2 + 36,1 177,5 (136,4-272,9) 183,9+35,6 184.,4 (116,8-245,4) 0,839
Podczas HDL, mg/dl 61,4+15,5 58,9 (36,6-88.8) 59,2 +14,8 60,6 (32,4-86,6) 0,657
interwencji Nie-HDL, mg/dl 124,8 + 35,7 113,3 (69,9-204,1) 124,7 + 34,9 108,0 (76,8-183,1) 0,988
(t5) LDL, mg/dl 103,1 +£33,0 94,5 (59,3-170,8) 101,4+31,0 89,6 (48,1-166,5) 0,864
TAG, mg/dl 108,4 +£41,3 107,6 (42,8-194,6) 116,5 + 54,1 98,9 (55,1-265,8)* 0,954
TC, mg/dl 181,9 + 40,0 176,6 (125,8-287,5) 188,1 £33 .4 185,7 (142,3-258,1) 0,610
Po HDL, mg/dl 57,7+ 14,0 56,5 (34,8-83.,2) 57,7+ 10,0 58,0 (40,8-78.,4) 0,997
interwencji Nie-HDL, mg/dl 124,3 +40,8 120,2 (71,9-214,6) 130,4 +32,0 132,4 (82,1-199,7) 0,609
(tk) LDL, mg/dl 97,7+37,7 99,1 (21,8-191,3) 108,2 + 28,1 105,5 (67,2-171,3) 0,337
TAG, mg/dl 132,9 + 73,8 122,1 (58,0-365,4)* 111,0+41,8 103,1 (49,5-172,8) 0,525

* brak rozkladu normalnego (test Shapiro—Wilka; p<0,05); ** test t-Studenta (dla rozkladu normalnego) lub test U Manna-Whitneya (dla braku rozktadu
normalnego); t0 — przed rozpoczeciem interwencji; t5 — po czterech tygodniach interwencji, w 5. tygodniu; tk — po zakonczeniu 8-tygodniowej interwencji;
TC — cholesterol catkowity (ang. total cholesterol); HDL — lipoproteiny o wysokiej gestosci (ang. high-density lipoprotein); LDL — lipoproteiny o niskiej
gestosci (ang. low-density lipoprotein), TAG — triglicerydy (ang. triglycerides)

62



W tabeli 14 przedstawiono obliczone wskazniki aterogenno$ci uczestniczek
w grupie interwencyjnej oraz kontrolnej przed interwencja, w trakcie interwencji (po
czterech tygodniach, w tygodniu 5) i po o$miu tygodniach interwencji. Podobnie jak
w przypadku poszczegdlnych parametrow profilu lipidowego, obliczone wskazniki
aterogenno$ci rowniez nie roznity si¢ miedzy grupami ani na poczatku badania, ani

w trakcie, ani po zakonczeniu interwencji (p>0,05).
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Tabela 14. Obliczone wskazniki aterogennos$ci uczestniczek w grupie interwencyjnej oraz kontrolnej przed interwencjg, w trakcie interwencji
(po czterech tygodniach, w tygodniu 5) i po o$miu tygodniach interwencji.

Grupa interwencyjna Grupa kontrolna
Czas pomiaru | Wskaznik aterogennosci spozywamcarjozsols;a wedzonego =19 pr*
Srednia + SD Mediana (Min—Max) Srednia + SD Mediana (Min—Max)
AIP -0,14 £ 0,22 -0,15 (-0,48-0,34) -0,08 + 0,22 -0,13 (-0,35-0,38) 0,385
AC 2,30 + 1,04 2,15 (0,89-5,17) 2,25+0,84 1,84 (1,30-4,05)* 1,000
inter;r\:ﬂch Cholindex, mg/dl 46,9 £42,5 48,1 (-21,9-153.,2) 41,4 £31,1 29,8 (6,3-103,8)* 0,544
(10) CRI-1 3,30+ 1,04 3,15 (1,89-6,17) 3,25+0,84 2,84 (2,30-5,05)* 1,000
CRI-2 1,92 £ 0,86 1,84 (0,73-4,16) 1,81 + 0,69 1,50 (1,09-3,05)* 0,686
TAG/HDL 0,82 +0,45 0,70 (0,33-2,19)* 0,96 + 0,56 0,73 (0,45-2,39)* 0,470
AIP -0,13+0,23 -0,05 (-0,56-0,31) -0,08 + 0,23 -0,12 (-0,41-0,55) 0,539
AC 2,20 £ 0,96 1,94 (0,85-4,42)* 2,29 +1,08 1,92 (1,22-5,55)* 1,000
inIt):r(iS:EZji Cholindex, mg/dl 41,7 +38,5 32,4 (-22,5-125,6) 422+354 27,2 (-4,7-1042) | 0,973
(5) CRI-1 3,20+ 0,96 2,94 (1,85-5,42)* 3,29+ 1,08 2,92 (2,22-6,55)* 1,000
CRI-2 1,81 +0,84 1,64 (0,73-3,86)* 1,85+ 0,84 1,44 (0,95-3,91)* 0,977
TAG/HDL 0,84 +0,42 0,89 (0,27-2,05) 0,97 £0,73 0,75 (0,39-3,58)* 0,908
AIP -0,03 = 0,28 -0,01 (-0,41-0,66) -0,10+0,20 -0,09 (-0,48-0,26) 0,395
AC 2,34+ 1,14 1,99 (0,91-5,66)* 2,33 +£0,71 2,10 (1,26-3,88) 0,644
interf\;?encji Cholindex, mg/dl 40,0 £41,1 52,3 (-32,1-118,4) 50,5 +29,8 49,5 (5,7-112,9) 0,374
(tk) CRI-1 3,34+ 1,14 2,99 (1,91-6,66)* 3,33+£0,71 3,10 (2,26-4,88) 0,644
CRI-2 1,82 + 0,85 1,75 (0,40-3,56) 1,93 + 0,60 1,91 (1,07-3,04) 0,638
TAG/HDL 1,15+0,96 0,98 (0,39-4,58)* 0,87 £ 0,38 0,82 (0,33-1,84) 0,506

* brak rozktadu normalnego (test Shapiro—Wilka; p<0,05); ** test t-Studenta (dla rozkladu normalnego) lub test U Manna-Whitneya (dla braku rozktadu
normalnego); t0 — przed rozpoczeciem interwencji; t5 — po czterech tygodniach interwencji, w 5. tygodniu; tk — po zakonczeniu 8-tygodniowej interwencji,
AIP —wskaznik aterogenno$ci osocza (ang. Atherogenic Index of Plasma); AC —wspotczynnik aterogenny (ang. Atherogenic Coefficient); Cholindex — wskaznik
cholesterolu (ang. Cholesterol Index); CRI-1 — wskaznik Castelliego 1 (ang. Castelli Risk Index 1); CRI-2 —wskaznik Castelliego 2 (ang. Castelli Risk Index 2);
TAG — triglicerydy (ang. triglycerides); HDL — lipoproteiny o wysokiej gestosci (ang. high-density lipoprotein)

64



W Tabeli 15 przedstawiono zmiany w sktadowych profilu lipidowego uczestniczek
w grupie interwencyjnej oraz kontrolnej w trakcie pierwszych czterech tygodni
interwencji (od t0 do t5), w trakcie ostatnich czterech tygodni interwencji (od t5 do tk)
oraz w calym okresie interwencji (od t0 do tk). Nie zaobserwowano réznic istotnych
statystycznie migdzy grupami w pierwszej potowie interwencji (od t0 do t5; p>0,05).
Jednakze, w drugiej potowie interwencji (od t5 do tk) zauwazono tendencje dotyczaca
zmiany stezenia cholesterolu frakcji LDL — w grupie interwencyjnej zaobserwowano
srednie obnizenie o 5,5 = 21,4 mg/dl, podczas gdy w grupie kontrolnej odnotowano $redni
wzrost o 6,8 £ 21,7 mg/dl (p=0,087). W calym okresie interwencji (od t0 do tk)
zaobserwowano natomiast réznice istotng statystycznie w zmianie st¢zenia cholesterolu
frakcji LDL — w grupie interwencyjnej st¢zenie to uleglo obnizeniu S$rednio
0 8,2 +£20,7 mg/dl, podczas gdy w grupie kontrolnej wzrosto srednio o 9,5 + 20,0 mg/dl
(p=0,011). Ponadto zauwazono bliska istotno$ci statystycznej r6znice w zmianie stezenia
TAG (p=0,053). W grupie interwencyjnej mediana wzrostu wyniosta 17,0 mg/dl,
podczas gdy w grupie kontrolnej mediana obnizenia wyniosta 7,3 mg/dl.

Wyniki te wskazuja, Ze interwencja byta przede wszystkim skuteczna w obnizeniu
stezenia cholesterolu frakcji LDL. Warto jednak zauwazy¢, ze malejace wartosci p dla
niemal wszystkich analizowanych sktadowych profilu lipidowego (np. zmiana
cholesterolu catkowitego: od t0 do t5 p=0,645, od t5 do tk p=0,283, od t0 do tk p=0,199)
sugeruja, iz wydluzenie czasu trwania interwencji mogloby ujawni¢ roznice takze

w przypadku innych sktadowych profilu lipidowego.

65



Tabela 15. Zmiany w sktadowych profilu lipidowego uczestniczek w grupie interwencyjnej oraz kontrolnej w trakcie pierwszych czterech tygodni interwencji

(od t0 do t5), w trakcie ostatnich czterech tygodni interwencji (od t5 do tk) oraz w catlym okresie interwencji (od t0 do tk).

Grupa interwencyjna Grupa kontrolna
. Skladowe profilu spozywajaca lososia wedzonego
Czas zmiany lipidowlz,go pomTR n=19 ; i n=19 p**
Srednia + SD Mediana (Min—Max) Srednia + SD Mediana (Min—Max)
TC, mg/dl 0,8+ 18,4 1,0 (-45,6-31,3) 3,6+18,8 6,0 (-25,3-38,8) 0,645
Zmiana .HDL, mg/dl 2,5+6,1 1,3 (-5,8-18,1) 1,8+6,9 4,6 (-14,4-12,3) 0,770
o0d 10 do 15 Nie-HDL, mg/dl -1,6 £17.3 -1,2 (-47,6-24,2) 1,8+132 1,3 (-16,6-30,8) 0,498
LDL, mg/dl -2,7+16,7 -3,5 (-49,2-22.3) 2,6+17,5 0,0 (-33,3-43,2) 0,342
TAG, mg/dl 7,2 +40,8 -1,1 (-75,9-106,2) -4,1+379 -8,2 (-109,5-89,8)* 0,370
TC, mg/dl -43+19,4 -0,3 (-46,4-32,0) 4,2 +28,1 5,1 (-57,3-41,0) 0,283
Zmiana .HDL, mg/dl -3,7+17,9 -2,5 (-24,0-10,0) -1,5+10,8 -1,5 (-19,7-21,3) 0,473
od 15 do tk Nie-HDL, mg/dl -0,6 £ 18,3 4,9 (-26,3-42,6) 5,8+23,6 4,5 (-41,2-46,1) 0,364
LDL, mg/dl -55+21,4 -5,0 (-45,8-41,6) 6,8 +21,7 0,4 (-44,4-40,2) 0,087
TAG, mg/dl 244+ 67,4 22,0 (-61,1-256,0) -5,5+46,2 4,2 (-94,1-58,6) 0,234
TC, mg/dl -3,5+20,8 -3,2 (-40,0-46,4)* 7,9+229 12,8 (-37,3-49,4) 0,199
Zmiana .HDL, mg/dl -1,3+8,7 -2,1 (-22,6-18,0) 0,3+94 -1,3 (-12,7-25,9) 0,590
o0d 10 do tk Nie-HDL, mg/dl 22+174 -1,4 (-37,1-38,9) 7,5+19,3 7,4 (-31,3-41,3) 0,111
LDL, mg/dl -8,2+20,7 -7,9 (-48,0-38,2) 9,5+20,0 8,0 (-14,4-60,1) 0,011
TAG, mg/dl 31,6 £57,2 17,0 (-42,0-180,1)* -9,6+493 -7,3 (-105,3-68,4) 0,053

* brak rozkladu normalnego (test Shapiro—Wilka; p<0,05); ** test t-Studenta (dla rozktadu normalnego) lub test U Manna-Whitneya (dla braku rozktadu
normalnego); t0 — przed rozpoczgciem interwencji; t5 — po czterech tygodniach interwencji, w 5. tygodniu; tk — po zakonczeniu 8-tygodniowej interwencji;
TC — cholesterol catkowity (ang. total cholesterol); HDL — lipoproteiny o wysokiej gestosci (ang. high-density lipoprotein); LDL — lipoproteiny o niskiej
gestosci (ang. low-density lipoprotein), TAG — triglicerydy (ang. triglycerides)
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Zmiany w sktadowych profilu lipidowego w trakcie pierwszych czterech tygodni
interwencji (od t0 do t5), w trakcie ostatnich czterech tygodni interwencji (od t5 do tk)
oraz w calym okresie interwencji (od t0 do tk) wsrdd uczestniczek z grupy interwencyjne;j
1 kontrolnej o WHtR > 0,5 zostaly przedstawione w Tabeli 16. W tej podgrupie
zaobserwowano roznice dotyczace zmian poziomu cholesterolu frakcji LDL 1 TAG
w calym okresie interwencji (od tO0 do tk). Podobnie jak w przypadku wszystkich
uczestniczek (Tabela 15), zaobserwowano obnizenie st¢zenia cholesterolu frakcji LDL
w grupie interwencyjnej o Srednio 12,8 = 21,8 mg/dl i wzrost stezenia cholesterolu frakcji
LDL w grupie kontrolnej o $rednio 7,7 + 18,1 mg/dl (p=0,027). Ponadto zmiana st¢zenia
TAG, ktora w analizie wszystkich uczestniczek wykazala rdznice bliska istotnosci
statystycznej, w podgrupie uczestniczek o WHtR > 0,5 osiagnela istotno$¢ statystyczna
(p=0,040) — wgrupie interwencyjnej odnotowano wzrost stezenia TAG
0 50,0 + 68,3 mg/dl, a w grupie kontrolnej obnizenie stezenia TAG o 8,6 £ 56,6 mg/dl,
co w przypadku uczestniczek z grupy interwencyjnej jest wynikiem niekorzystnym

z punktu widzenia zdrowia.
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Tabela 16. Zmiany w sktadowych profilu lipidowego w trakcie pierwszych czterech tygodni interwencji (od t0 do t5), w trakcie ostatnich czterech tygodni
interwencji (od t5 do tk) oraz w catym okresie interwencji (od t0 do tk) wsrod uczestniczek z grupy interwencyjnej i kontrolnej o WHtR > 0,5.

Grupa interwencyjna Grupa kontrolna
. Skladowe profilu spozywajaca lososia wedzonego
Czas zmiany lipidowl:,go pomTR n=19 ) i n=19 p**
Srednia + SD Mediana (Min—Max) Srednia + SD Mediana (Min—Max)
TC, mg/dl 4,1+£212 6,4 (-45,6-31,3) 4,6 +£212 8,7 (-24,2-38,8) 0,956
Zmiana .HDL, mg/dl 2,9+5,0 2,0 (-5,8-12,8) 1,3+7,1 4,6 (-14,4-8,0)* 1,000
0d 10 do (5 Nie-HDL, mg/dl 1,2 +20,1 2,4 (-47,6-23,6)* 32+154 3,6 (-16,6-30,8) 0,949
LDL, mg/dl -0,2+19,9 2,9 (-49,2-22.3) 5,7+182 5,2 (-13,443.2) 0,479
TAG, mg/dl 9,9+ 48,5 -0,8 (-75,9-106,2) -12,1+373 -8,4 (-109,5-35,8)* 0,401
TC, mg/dl -8,9+20,8 -3,4 (-46,4-16,2) -0,8+31,2 5,1 (-57,3-41,0) 0,480
Zmiana .HDL, mg/dl -43 £ 8,6 -3,3 (-24,0-6,8) -3,5+11,9 -6,0 (-19,7-21,3) 0,846
od 15 do tk Nie-HDL, mg/dl -4,6+172 2,2 (-26,3-21,5) 2,7+28,1 4,5 (-41,2-46,1) 0,473
LDL, mg/dl -12,6 £22,2 -11,6 (-45,8-20,5) 2,0+£225 -2,3 (-44,4-35,8) 0,141
TAG, mg/dl 40,2 + 81,7 30,1 (-49,8-256,0)* 3,5+52.6 16,0 (-94,1-58,6) 0,519
TC, mg/dl -4.8+20,8 -2,1 (-40,0-38.,4) 3,8+23,5 15,2 (-37,3-30,6) 0,372
Zmiana .HDL, mg/dl -1,5+8,2 -0,3 (-22,6-8,3)* -2,1£10,8 -6,0 (-12,7-25,9)* 0,217
o0d 10 do tk Nie-HDL, mg/dl -3,4+17,0 -1,4 (-37,1-30,1) 59=+21,1 8,1 (-31,3-39,2) 0,269
LDL, mg/dl -12,8 £21,8 -10,1 (-48,0-27,8) 7,7+18,1 12,1 (-14,4-36,3) 0,027
TAG, mg/dl 50,0 £ 68,3 32,9 (-42,0-180,1) -8,6 56,6 7,6 (-105,3-68,4) 0,040

* brak rozkladu normalnego (test Shapiro—Wilka; p<0,05); ** test t-Studenta (dla rozktadu normalnego) lub test U Manna-Whitneya (dla braku rozktadu
normalnego); WHtR — stosunek obwodu talii do wzrostu (ang. waist-to-height ratio); t0 — przed rozpoczeciem interwencji; t5 — po czterech tygodniach
interwencji, w 5. tygodniu; tk — po zakonczeniu 8-tygodniowej interwencji; TC — cholesterol catkowity (ang. fotal cholesterol); HDL — lipoproteiny o wysokiej
gestosci (ang. high-density lipoprotein); LDL — lipoproteiny o niskiej gestosci (ang. low-density lipoprotein); TAG — triglicerydy (ang. triglycerides)
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W Tabeli 17 przedstawiono zmiany analizowanych wskaznikéw aterogennosci
w catym okresie interwencji (od t0 do tk). Zaobserwowano réznic¢ miedzy grupa
interwencyjng a kontrolng w przypadku wskaznika Cholindex. W grupie interwencyjne;j
odnotowano median¢ obnizenia o 4,4 mg/dl, podczas gdy w grupie kontrolnej
odnotowano median¢ wzrostu o 0,8 mg/dl (p=0,040). Dodatkowo zaobserwowano
tendencje bliskie istotnos$ci statystycznej w przypadku zmian wskaznika AIP, wskaznika
CRI-2 oraz stosunku TAG/HDL (odpowiednio p=0,054; p=0,099; p=0,057).

Tabela 17. Zmiany analizowanych wskaznikéw aterogennos$ci w calym okresie interwencji
(od t0 do tk).

Grupa interwencyjna Grupa kontrolna
Wskaznik spozywajaca lo_sosia wedzonego ~
aterogennosci 2 = 19Mediana 2 = 19Mediana r
Srednia = SD (Min-Max) Srednia + SD (Min—Max)

AIP 0,10+0,18 (—o,gi(i%, 4 | 0032022 (—0?5%%,3 6 | 0054
AC 0,04 +£0,41 (_150%_13’54)* 0,08 £ 0,50 (—1,401’—1(?,96)* 0,977
Clﬁlg‘/ril‘iex’ 69£199 | s on | S1EI84 | 238 o | 0040
CRI-1 0,04 +£0,41 (_150%_13’54)* 0,08 £ 0,50 (—1,401’—1(?,96)* 0,977
CRI2 | —0,10+041 (—o,_s(;{)g, 4 | 012040 (_o,gﬁ%g 5 | 009
TAG/HDL 0,32+0,63 (_053(4)"_126’39)* —-0,09 + 0,48 (_1’_0%’93’ 69) 0,057

* brak rozkladu normalnego (test Shapiro—Wilka; p<0,05); ** test t-Studenta (dla rozktadu
normalnego) lub test U Manna-Whitneya (dla braku rozktadu normalnego); AIP — wskaznik
aterogennos$ci osocza (ang. Atherogenic Index of Plasma); AC — wspoétczynnik aterogenny
(ang. Atherogenic Coefficient); Cholindex — wskaznik cholesterolu (ang. Cholesterol Index);
CRI-1 —wskaznik Castelliego 1 (ang. Castelli Risk Index 1); CRI-2 — wskaznik Castelliego 2
(ang. Castelli Risk Index 2); TAG — triglicerydy (ang. triglycerides); HDL — lipoproteiny
o wysokiej gestosci (ang. high-density lipoprotein)
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1.7. Dyskusja wynikow

1.7.1. Wiedza zywieniowa dotyczaca ryb

Jak wynika z przeprowadzonego badania wlasnego, zalecenie dotyczace spozycia
ryb przez dzieci i mtodziez byto znane ponad 3/4 badanych mtodych kobiet, podczas gdy
zalecenie spozywania ryb co najmniej dwa razy w tygodniu znata mniej niz jedna trzecia
respondentek (32,2%). Zalecenie spozywania ryb przez kobiety w cigzy byto znane okoto
40% respondentek. Bioragc to pod uwage istnieje duze ryzyko, ze w momencie, gdy
badane mlode kobiety zajda w przysztosci w ciaze, nadal nie beda posiadaly tej wiedzy
inie beda stosowacé sie¢ do tego zalecenia. Koresponduje to z obserwacjami innych
autoréw badan, ktorzy wskazuja, ze kobiety w cigzy czesto nie znaja korzysci ptynacych
ze spozywania ryb, a takze czgsto nie otrzymuja zadnych zalecen dotyczacych ich
spozywania [103], lub wregcz przeciwnie, otrzymuja one od swoich lekarzy poradg, aby
ograniczy¢ spozycie ryb [103]. Wérod kobiet w cigzy znajomos¢ potencjalnego ryzyka
zwigzanego ze spozywaniem ryb i zawartej w nich rtgci jest czasami bardziej powszechna
niz $wiadomos$¢ korzysci plynacych ze spozywania kwaséw thuszczowych omega-3
zawartych w rybach [104]. Analizy innych autorow wskazuja, ze w Polsce obserwuje si¢
niedostateczne spozycie ryb przez kobiety w ciazy [105,106].

Chociaz brak wiedzy o tym, ze kobietom w cigzy zaleca si¢ spozywanie ryb wsrod
60% badanych mtodych kobiet nie jest az tak zaskakujacy, poniewaz wigkszos¢ z nich
byta w wieku nastoletnim, fakt, ze mtode kobiety nie sg zaznajomione z podstawowym
og6lnym zaleceniem dotyczacym spozywania ryb co najmniej dwa razy w tygodniu, jest
dos¢ niepokojacy. Ten brak wiedzy ma prawdopodobnie wptyw na wybory Zywieniowe,
jako ze wsrdd dzieci 1 mtodziezy obserwuje si¢ niskie spozycie ryb i owocdw morza
[107,108], 1 obserwuje si¢ to czesto czgsciej niz u osob dorostych [109].

Na podstawie odpowiedzi udzielonych na btedne stwierdzenie dotyczace tego, ze
ryby sa zrédlem btonnika, wydaje si¢, ze wiele mtodych kobiet nie wie, Ze ryby nie sa
zrédtem btonnika, poniewaz siedem na dziesig¢ badanych kobiet udzielito biednej
odpowiedzi na to stwierdzenie. Nalezy tu jednak wzig¢ pod uwage mozliwosc
wystapienia tzw. efektu potakiwania (ang. acquiescence bias) [110]. Uczestniczki mogty
wskaza¢, ze ryby sa zrodtem btonnika, poniewaz mogly przyja¢ bledne zalozenie, ze
skoro blonnik jest korzystny dla zdrowia i ryby rowniez, to ryby muszg by¢ jego dobrym
zrodtem. Podobne bledne przekonanie zaobserwowano rowniez wsrdd osob dorostych

w wyzszym wieku (18-83 lat) — 45,5% uczestnikow 1 uczestniczek badania Verbeke
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1 wsp. [111] przeprowadzonego w Belgii uwazato, ze ryby zawieraja btonnik. Z drugiej
strony, dwie trzecie badanych mtodych kobiet wskazato, ze kwasy tluszczowe zawarte
w rybach majg korzystny wptyw na zdrowie. Stwierdzenie to rowniez byto przedstawione
jako fatszywe (,,Ryby zawierajg duzo niezdrowych tluszczow’), wiec wydaje sie¢, ze
niekoniecznie musiat wystapi¢ tutaj efekt potakiwania. W belgijskim badaniu fakt, ze
kwasy tluszczowe omega-3 maja pozytywny wptyw na zdrowie cztowieka, byt znany
tylko 30% respondentéw [111], czyli ponad dwa razy mniejszemu odsetkowi 0sob niz
w badaniu wtasnym. Na podstawie badania Verbeke i wsp. [111] wydaje si¢ zatem, ze
btedne przekonanie, ze ryby zawierajg blonnik moze by¢ bardziej powszechne niz
swiadomos$¢, ze ryby zawierajg prozdrowotne kwasy tluszczowe. Z badania wlasnego
wynika, ze wiedza na temat rodzaju (nazewnictwa) kwasow ttuszczowych wystepujacych
w rybach w przypadku wielu mtodych kobiet jest niedostateczna, poniewaz wigkszos$¢
badanych mtodych kobiet uznata je za kwasy thuszczowe ,trans”, a co trzecia wskazata
w tym miejscu odpowiedz ,,nie wiem”.

Bioragc pod uwage witaming D, tylko co druga mtoda kobieta wiedziata, Ze ryby sa
jej dobrym zrédlem. Poroéwnujac to z czgstym blednym przekonaniem, Ze ryby zawieraja
btonnik, wydaje si¢, ze wiele mtodych polskich kobiet nie taczy ryb ze sktadnikami
odzywczymi, ktorych sg one waznym zrédlem — a mianowicie z kwasami thuszczowymi
omega-3 1 witaming D, ktérych najlepszym zywieniowym zZrédtem dla cztowieka sg thuste
ryby [29]. Ma to ogromne znaczenie, poniewaz wiadomo, ze spozycie witaminy D wsrod
nastolatek 1mlodych kobiet w Polsce jest bardzo niskie [112,113]. Badania
przeprowadzone w innych krajach wskazuja na podobne wyniki dotyczace wiedzy o tym,
ze ryby sa zrodtem witaminy D — w Belgii fakt ten wskazato jedynie 53,3% uczestnikow
badania [111].

W kontekscie potencjalnych zagrozen zwigzanych ze spozywaniem ryb, fakt, ze
jedzenie ryb moze powodowac alergie nie byt powszechnie znany — tylko co czwarta
mtoda kobieta udzielita poprawnej odpowiedzi na to stwierdzenie. Fakt, ze ryby moga
zawiera¢ dioksyny lub rtg¢, réwniez nie byl znany wielu miodym kobietom —
odpowiednio tylko mniej niz co piatej i co trzeciej badanej. W badaniu Verbeke i wsp.
[111] wyniki byly w pewnym sensie podobne — mniej 0sob (29,1%) wskazato dioksyny
jako mozliwe zanieczyszczenia w rybach w poroOwnaniu z metalami cig¢zkimi (45,8%),
z ktorych jednym jest rte¢. W badaniu wlasnym wiecej mtodych kobiet byto §wiadomych

faktu, Zze ryby moga zawiera¢ bakterie ipasozyty lub zanieczyszczenia, poniewaz
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prawidlowych odpowiedzi na te stwierdzenia udzielita ponad potowa badanych mtodych
kobiet.

1.7.2. Wielko$¢ spozycia ryb i realizacja zalecen zywieniowych dotyczacych
spozywania ryb

Jak wynika z przeprowadzonego badania wilasnego, mediana tygodniowego
spozycia ryb wsrdd polskich uczennic wyniosta 32 g/ tydzien. Wartos¢ ta jest znacznie
mniejsza niz ta, ktéra wynika z bilansow zywnosci, czyli 256 g/ tydzien (13,33 kg
rocznie) [114]. Jest takze nizsza niz ta, ktora wynika z badan budzetéw gospodarstw
domowych, zgodnie zktorymi S$rednie spozycie ryb 1 owocéw morza wynosi
65 g/ tydzien (280 g miesigcznie) [115]. Moze to Swiadczy¢ o tym, ze spozycie ryb wsrod
mtodych Polek jest nizsze niz w catej populacji. Z drugiej strony, w niniejszym badaniu
zadano tylko pytania dotyczace spozycia ryb i spozycia przetworéw rybnych, a nie
spozycia innych owocéw morza, podczas gdy bilanse Zywnos$ci i badania budzetéw
gospodarstw domowych dotycza wszystkich ryb 1 innych owocéw morza.

Nalezy takze podkresli¢, ze w badaniu wlasnym mozliwe jest niedoszacowanie
z powodu niedostatecznej pamieci lub faktu, ze niektore potrawy zawierajace ryby moga
nie by¢ uznawane za zrddto ryb w diecie (np. zapiekanki zawierajace ryby, wrapy
z wedzonym lososiem, zupa rybna itp.). Jednakze, mozna podejrzewaé, ze ryzyko
niedoszacowania nie byto wysokie, gdyz metoda zastosowana do oszacowania spozycia
ryb w niniejszym badaniu, czyli uproszczona wersja kwestionariusza czgstotliwosci
spozycia zywnoS$ci (ang. food frequency questionnaire, FFQ), zwykle zwigzana jest
Z przeszacowaniem spozycia zywnosci [116].

Inne badania rowniez wskazuja, ze niskie spozycie ryb obserwuje si¢ czesciej
u dzieci i mtodziezy niz u dorostych [21,109]. W USA w latach 2013-2016 jedna na pigc
0s0b dorostych spozywata owoce morza (w tym ryby) co najmniej dwa razy w tygodniu,
podczas gdy wséréd mtodziezy w wieku od 2 do 19 lat zaobserwowano to tylko u jedne;j
na osiemnascie osob [109]. Z badania NHANES przeprowadzonego w USA jeszcze
wczesniej, bo w latach 2005-2010, rowniez wynika, ze najnizsze spozycie ryb dotyczy
0sob mtodych [21]. Co wigcej, niemieckie badanie VeChi Youth Study wykazato, ze
przecigtne spozycie ryb u dzieci i mtodziezy czgsto wynosi 0,0 g/ dzieh, nawet wsrdd
0sOb odzywiajacych sie w sposob tradycyjny (wszystkozercow) [107].

Bioragc pod uwage mediang spozycia ryb w badanej grupie miodych kobiet

wynoszaca 32 g/ tydzien, spozycie to powinno wzrosng¢ ponad dziewigciokrotnie, aby
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0siggna¢ zalecane minimalne spozycie ryb wynoszace 300 g tygodniowo/ osobe [117—
119]. Jednak, co wazniejsze, biorgc pod uwage odsetek osob, ktore nie spetniajg tego
zalecenia [117-119], 95% mlodych Polek powinno zwigkszy¢ spozycie ryb do co
najmniej 300 g tygodniowo. Rowniez biorgc pod uwage dwukrotnie nizszy prog
zalecanego tygodniowego spozycia ryb, a mianowicie 150 g [120,121], spozycie ryb

powinno wzrosng¢ u 90% miodych Polek.

1.7.3. Determinanty spozycia ryb

Jak wynika z niniejszego badania, jednym z determinantéw spozycia ryb jest plec.
Mtodzi Polacy spozywaja o prawie 50% wiecej ryb 1 produktéw rybnych niz mtode Polki
(47 g vs. 32 g tygodniowo). Bardzo zblizone wyniki uzyskano w niemieckim badaniu
EsKiMo, zgodnie z ktorym chtopcy roéwniez spozywali o 50% ryb wigcej niz dziewczeta
— mediana tygodniowego spozycia ryb wsrdd chtopcow wynosita 42 g, podczas gdy
wsrod dziewczat 28 g [108]. Wyzsze spozycie ryb wsrdd mezczyzn, mimo ze wiele badan
wskazuje, ze kobiety czesto dokonujg zdrowszych wyboréw zywieniowych niz
mezezyzni [122—-124], moze wynika¢ z faktu, ze mezczyzni zazwyczaj spozywaja
wigksze porcje zywnosci [125,126] oraz maja wyzsza warto$¢ energetyczng dobowe;j
racji pokarmowej niz kobiety [127].

Ryby, ktére sg waznym zrédlem niezbednych sktadnikow odzywczych, takich jak
witamina D, jod, selen 1 kwasy ttuszczowe omega-3 [128], mogg odgrywac kluczowa role
w osigganiu ich zalecanego spozycia. Poniewaz zalecenia zywieniowe dla wymienionych
sktadnikéw odzywczych nie r6znig si¢ w zaleznosci od pici [43], wyniki niniejszego
badania wskazuja, ze mezczyznom moze by¢ latwiej osiggnaé zalecane spozycie ze
wzgledu na wyzsze spozycie ryb w porownaniu z kobietami. Nalezy jednak zauwazyc,
ze chociaz w niniejszym badaniu spozycie ryb bylo wyzsze u mezczyzn niz u kobiet,
w obu przypadkach byto ono bardzo niskie.

Kolejnym determinantem wielko$ci spozycia ryb byt rodzaj szkoty, do ktorej
uczgszczala osoba badana. Osoby uczeszczajace do liceum ogolnoksztatcacego
charakteryzowaly si¢ wyzszym spozycie ryb niz osoby uczgszczajace do szkoly
branzowej lub technikum (43 vs. 29 g; p=0,010). Spozycie ryb bylo takze wyzsze wsrdd
osOb znajacych doktadne zalecenia Zywieniowe dotyczace spozycia ryb. Ponadto
zaobserwowano korelacje miedzy wielkoscig spozycia ryb a wynikiem testu wiedzy
o rybach. Obserwacje te wydaja si¢ by¢ powigzane. Zgodnie z danymi dotyczacymi

zdawalnosci egzamindw maturalnych w Polsce, 90% ucznidow uczgszczajacych do szkot
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ogolnoksztatcacych zdalo ten egzamin, podczas gdy w szkolach zawodowych w tym
samym roku byto to 79% [129]. Moze to oznacza¢, ze poziom edukacji w Polsce jest
zazwyczaj wyzszy w szkotach ogolnoksztalcacych w pordéwnaniu ze szkotami
zawodowymi, a poziom wyksztatcenia ogoélnego ma prawdopodobnie wplyw na poziom
wiedzy o rybach. Nie nalezy jednak zapominaé, Zze nauczanie w szkolach zawodowych
koncentruje si¢ bardziej na nauce praktycznej, dlatego od ucznidéw tych szkot oczekuje
si¢ doktadniejszej wiedzy na temat zagadnien technicznych lub zawodowych.

Aby zwiekszy¢ spozycie ryb, w latach 2008-2009 Ministerstwo Rolnictwa
1 Rozwoju Wsi przeprowadzito w Polsce ogdlnopolskie kampanie edukacyjne na temat
korzys$ci ptynacych ze spozywania ryb zatytutowane ,,Ryba wptywa na wszystko”.
Wedlug danych rzadowych zaobserwowano wzrost spozycia ryb — $rednie roczne
spozycie ryb w 2007 r. wynosito 12,91 kg/ osobe, a w 2008 r. 13,67 kg/ osobe [25].
Badanie interwencyjne przeprowadzone w Indonezji wykazato, ze edukacja zywieniowa
zwicksza spozycie ryb udzieci w wieku 10-12 lat [130], podczas gdy badanie
przekrojowe przeprowadzone we Wtoszech 1 Chorwacji wykazato, ze subiektywna
wiedza na temat ryb jest waznym czynnikiem prognozujacym wielko$¢ spozycia ryb
[131]. Analogicznie, zgodnie z wynikami badania konsumenckiego przeprowadzonego
wsrod osob dorostych mieszkajacych w Belgii, Holandii, Danii i Polsce, subiektywna
wiedza byla silnym predyktorem wielkosci spozycia ryb [26]. W kontekscie tych
obserwacji oraz stwierdzonych w badaniu wtasnym korelacji migdzy wielko$cia spozycia
ryb a wynikiem testu wiedzy o rybach oraz wyzszym spozyciu ryb wsrod 0sob znajacych
doktadne zalecenia zywieniowe dotyczace spozycia ryb, mozna przypuszczaé, ze
edukacja zywieniowa majace na celu zwigkszenie wiedzy mlodych oséb na temat
korzy$ci zwigzanych ze spozyciem ryb oraz dokladnych zalecen spozycia ryb moglyby
poskutkowa¢ wyzszym spozyciem ryb w tej grupie.
1.7.4. Wplyw zwiekszenia spozycia lososia w dwéch réznych formach na stan

odzywienia witamina D
1.7.4.1. Efektywnos¢ interwencji

Analizowana interwencja zywieniowa polegajgca na zwigkszeniu spozycia tososia
do ilosci odpowiadajacej zalecanemu spozyciu ryb nie pozwolila na utrzymanie stezenia
25(OH)D w surowicy krwi u wigkszo$ci uczestniczek badania. Po o$miu tygodniach
interwencji zaobserwowano obnizenie stg¢zenia 25(OH)D u 97% kobiet z grupy

kontrolnej, ale takze u95% kobiet z grupy interwencyjnej spozywajacej tososia
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wedzonego 1 78% kobiet z grupy interwencyjnej spozywajacej parowki z tososia. Warto
jednak podkresli¢, ze mediana obnizenia st¢zenia 25(OH)D byla trzy i pot razy wigksza
w grupie kontrolnej niz w grupie interwencyjnej spozywajacej parowki z tososia
(-15,0 nmol/l vs. -4,3 nmol/l od t0 do tk). Ponadto w grupie interwencyjnej spozywajacej
parowki z tososia u ponad jednej na pie¢ kobiet udato si¢ utrzymac lub zwigkszy¢ stezenie
25(OH)D w surowicy krwi po o$miu tygodniach interwencji. Wskazuje to na pozytywny
wpltyw wilaczenia 100 g paréwek z tososia jako zrédta witaminy D do codziennej diety
w celu spowolnienia naturalnego procesu obnizenia 25(OH)D spowodowanego brakiem
syntezy skornej witaminy D w okresie jesienno-zimowym [28].

Co zaskakujace, nie zaobserwowano statystycznie istotnej roznicy miedzy grupa
spozywajacg tososia wedzonego, w ktérej mediana obnizenia od t0 do tk wyniosta
9,3 nmol/l, a grupa kontrolng, w ktorej wyniosta ona 15,0 nmol/l. Co wigcej, obnizenie
stezenia po o$miu tygodniach interwencji w grupie spozywajacej tososia wedzonego byto
istotnie wicksze niz w grupie spozywajacej parowki z tososia. Sugeruje to, ze dzienne
spozycie 25 g wedzonego tososia nie mialo wyraznego wptywu na stan odzywienia
witaming D w poréwnaniu do niespozywania go (jak w przypadku grupy kontrolnej),
w przeciwienstwie do 100 g parowek z tososia (pomimo, ze oba produkty dostarczaty
okolo 5 png witaminy D dziennie, a toso$§ wedzony nawet nieco wigcej niz parowki
z tososia). Oznacza to, ze wplyw zwigkszenia spozycia tososia na stgzenie 25(OH)D
w surowicy krwi nie jest jednakowy w przypadku tososia wedzonego i pardwek z lososia,
nawet jesli produkty te dostarczajg podobnej ilosci witaminy D.

Ponadto we wczesniejszym badaniu wlasnym VISA [48] (ktore nie stanowi
przedmiotu niniejszej dysertacji, ale rozpoczglo si¢ i zakonczyto doktadnie tego samego
dnia i miesigca 4 lata wczesniej i byto przeprowadzone w sposob zblizony do niniejszego
badania), §rednie obnizenie st¢zenia 25(OH)D po o$miu tygodniach interwencji wyniosto
8,1 nmol/l w poréwnaniu do 9,3 nmol/l w niniejszym badaniu. Wydaje si¢ to nieco
niespodziewane, poniewaz dzienne spozycie lososia wedzonego w cytowanym badaniu
[48] wynosilo 50 g dziennie (dostarczajac okoto 10 pg witaminy D dziennie), podczas
gdy w obecnym badaniu byto ono dwa razy mniejsze, wigc dostarczalo dwa razy mniej
witaminy D dziennie. To, Ze obnizenie stezenia 25(OH)D w grupach spozywajacych 25 g
1 50 g wedzonego tososia dziennie bylo tak podobne (odpowiednio 9,3 i1 8,1 nmol/l),
a takze fakt, ze spozywanie 25 g lososia wedzonego dziennie i bycie w grupie kontrolne;j

nie mialy istotnie r6znego wptywu na obnizenie st¢zenia 25(OH)D po o$miu tygodniach
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interwencji, wskazuje, ze najprawdopodobniej zaistniaty pewne czynniki wptywajace na
wchlanianie/ metabolizm witaminy D.

Z drugiej strony, pomimo podobnej, ale jednak nieco wyzszej w wedzonym tososiu,
ilosci witaminy D w dziennej porcji wedzonego tososia i parowek z tososia (odpowiednio
5,314,4 pg), pozytywny wptyw w poréwnaniu do grupy kontrolnej zaobserwowano tylko
w grupie spozywajacej parowki z tososia, co sugeruje, ze witamina D jest lepiej
wchtaniana/ metabolizowana z parowek z tososia niz z wgdzonego tososia. Chociaz takie
roznice nie byly dotad obserwowane we wczesniejszych badaniach innych autorow, kilka
mozliwych wyjasnien tego zjawiska, wynikajacych z pojedynczych doniesien

naukowych, przedstawiono ponizej.

1.7.4.2. Moziliwe wyjasnienia zaobserwowanych roinic w efektywnosci
interwencji  pomiedzy uczestniczkami  spoiywajgcymi  lososia
wedzonego a uczestniczkami spoiywajqcymi parowki z tososia

To, co roéznito produkty wykorzystane w interwencji, to przede wszystkim zawarta
w nich ilo$¢ thuszczu. Podczas gdy dzienna porcja paréwek z tososia dostarczata 16,7 g
thuszczu, dzienna porcja wedzonego tososia dostarczata 3,25 g, czyli ponad pigé razy
mniej. Poniewaz witamina D jest rozpuszczalna w thuszczach, jej wchianianie moze by¢
zwickszone, gdy jest przyjmowana z positkiem o wysokiej zawartosci thuszczu [132].
Badania in vitro wskazuja, ze biodostgpno$¢ witaminy D zalezy od sktadu matrycy
(zywnosci), w tym zawarto$ci tluszczu [42]. Jednak wyniki badan z udzialem ludzi
dotyczace kierunku tego wptywu sg zrdznicowane.

Z badania Raimundo 1 wsp. [132] wynika, ze gdy kapsutka zawierajgca 1250 pg
suplementu witaminy D3 byta przyjmowana z positkiem wysokotluszczowym (25,6 g
thuszczu w positku zawierajacym 473 kcal, co odpowiada 48,7% energii z thuszczu),
stezenie 25(OH)D w surowicy krwi bylo wyzsze tydzien i dwa tygodnie pozniej
w porownaniu do sytuacji, gdy kapsutka byla przyjmowana z positkiem
niskothuszczowym (1,7 g thuszczu w positku zawierajagcym 465 kceal, co odpowiada 3,3%
energii z thuszczu). Inne badanie przeprowadzone rowniez przez Raimundo 1 wsp. [133]
wykazato, ze wzrost stezenia 25(OH)D w surowicy krwi dwa tygodnie po przyjeciu
suplementu witaminy D byt wigkszy, gdy suplement byl spozywany z positkiem
zawierajacym co najmniej 15 g thuszczu w pordwnaniu z positkiem beztluszczowym. Jest
to zbiezne z wynikami niniejszego badania, poniewaz zawarto$¢ tluszczu w dziennej

porcji parowek z tososia wynosita 16,7 g (ponad 15 g), a wigkszo$¢ uczestniczek
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spozywala je podczas jednego positku. Co wigcej, badanie Dawson-Hughes i wsp. [134]
wykazato, ze stezenie cholekalcyferolu w osoczu bylo wyzsze, gdy uczestnicy
przyjmowali suplement zawierajacy 1250 png witaminy D z positkiem zawierajagcym
thuszcz niz z positkiem beztluszczowym; niestety nie oceniano w tym badaniu stezenia
25(OH)D w surowicy krwi. Z drugiej strony, wyniki innego badania interwencyjnego
przeprowadzonego przez Dawson-Hughes i1 wsp. [135] pokazaly, ze podczas gdy
12 godzin po otrzymaniu suplementu witaminy D3 (1250 pg), wzrost cholekalcyferolu
w osoczu byl najwyzszy w grupie otrzymujacej positek niskottuszczowy w poréwnaniu
do grupy otrzymujacej positek wysokottuszczowy i beztluszczowy, wzrost 25(OH)D
w surowicy krwi 30 1 90 dni pdzniej nie rdznit si¢ miedzy grupami.

Pomimo braku wzrostu stezenia 25(OH)D w niniejszym badaniu, wyniki wydaja
si¢ odpowiada¢ wynikom Raimundo i wsp. [132,133], poniewaz obnizenie stezenia
25(OH)D byto mniejsze w grupie interwencyjnej spozywajacej parowki z tososia, ktore
zawieraly wigcej thuszczu niz toso$ wedzony. To, co taczy te badania z niniejszym
badaniem, to mtody wiek uczestnikéw (ponizej 30 lat), w przeciwienstwie do starszych
uczestnikow badania Dawson-Hughes 1 wsp. [135] ($redni wiek 58 lat), gdzie nie
zaobserwowano réznicy w stezeniu 25(OH)D migedzy grupami. Moze to sugerowaé, ze
spozycie witaminy D (w postaci suplementu lub produktu naturalnie zawierajacego duze
ilosci witaminy D, takiego jak paréwki z fososia) skutkuje wyzszym stezeniem 25(OH)D,
jesli jest spozywane z wigksza iloscig tluszczu tylko u mlodych oséb. To, czy
zaobserwowane zostanie mniejsze obnizenie (jak w niniejszym badaniu), czy wigkszy
wzrost 25(OH)D (jak w badaniu Raimundo 1 wsp. [132]), bedzie prawdopodobnie zaleze¢
od ilo$ci przyjetej witaminy D. Podczas gdy w badaniu Raimundo i1 wsp. [132] byto to
1250 pg witaminy D jednorazowo, w niniejszym badaniu byto to 5 pg dziennie co
odpowiada 280 pg podczas calej 8-tygodniowej interwencji.

Nie nalezy jednak zapomina¢, ze w cytowanych badaniach [132,134,135]
uczestnikom podawano wysoka dawke suplementu, w przeciwienstwie do niniejszego
badania, w ktorym uczestniczki otrzymywaly znacznie mniejsze ilo§ci witaminy D
w postaci produktu spozywczego. Moze to skutkowaé innym mechanizmem wchtaniania
witaminy D, poniewaz wyniki Reboul 1 wsp. [136] wskazuja, ze przy niskich dawkach
(tak, jak ma to miejsce w przypadku produktow spozywczych) wchtanianie witaminy D
odbywa si¢ glownie za posrednictwem biatek. W przeciwienstwie do tego, przy wysokich

dawkach farmakologicznych wystepuje prawdopodobnie gtéwnie dyfuzja bierna [136].
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Chociaz na podstawie wynikéw badania wlasnego wydaje sie, ze wyzsza zawarto$¢
thuszczu w parowkach z tososia zwigkszata skuteczno$¢ interwencji, inne badania
kliniczne wskazuja, ze witamina D moze by¢ réwniez skutecznie wchtaniana z produktow
spozywczych o niskiej zawartosci thuszczu, ale wzbogaconych witaming D, takich jak
sok pomaranczowy [137], niskottuszczowy ser [138] i chleb [139]. Sugeruje to, ze wzrost
stezenia 25(OH)D mozna zaobserwowa¢ nawet wtedy, gdy produkty stosowane
w ramach interwencji nie zawieraja duzych ilosci thuszczu [137-139], co moze
wskazywac na to, ze zawartos¢ thuszczu prawdopodobnie nie jest jedynym wyjasnieniem
obserwowanych zaleznosci.

Drugim czynnikiem réznicujagcym lososia wedzonego i pardwki z tososia jest ich
sposob produkeji, a co za tym idzie — stopien przetworzenia. Paréwki z lososia sg
produktami wysoko przetworzonymi, ktdre zostaty poddane homogenizacji, podczas gdy
toso$ wedzony zostal w procesie produkeji poddany jedynie pokrojeniu i wedzeniu na
zimno. Matryca zywno$ci moze odgrywaé pewna role we wchtanianiu witaminy D,
poniewaz wskazuje si¢, ze witamina D musi zosta¢ uwolniona z matrycy zywnosci lub
suplementu, aby stala si¢ biodostgpna, co oznacza, ze musi zosta¢ rozpuszczona
w micelach, aby byta dostgpna do wchtaniania [140].

Badania kliniczne wskazujg jednak, ze matryca zywno$ci, w poréwnaniu
z suplementem, wydaje si¢ nie mie¢ wptywu na biodostepnos¢ witaminy D, gdy matryca
jest chleb [139], grzyby [141] lub ser [138]. Niemniej jednak, brak jest opublikowanych
badan nad biodostepnoscia witaminy D z ryb poddanych roéznemu stopniowi
homogenizacji. Dodatkowo, w przeciwienstwie do wspomnianych badan [138,139,141],
ktére porownywaly biodostgpno$¢ witaminy D z produktow spozywczych z jej
biodostepnoscia z suplementu, w niniejszym badaniu porownano dwa roézne produkty
spozywcze, a nie produkt spozywczy i suplement. Przy tym warto zauwazy¢, ze
w badaniu biodostgpnosci witaminy D z grzybow [141] wykorzystano grzyby
liofilizowane 1 homogenizowane, podczas gdy biodostgpnos¢ witaminy D ze §wiezych,
nieliofilizowanych grzyboéw byta okre§lona przez autoréw cytowanego badania jako
niejednoznaczna, co moze sugerowaé, ze proces liofilizacji i homogenizacji miat
zasadnicze znaczenie dla biodostgpnosci witaminy D z grzybow. To z kolei koresponduje
z tym, ze w niniejszej interwencji parowki z lososia, ktore s3 homogenizowane podczas
produkcji, byly znacznie bardziej skutecznym Zrédlem witaminy D niz wedzony 1osos.

Nie tylko proces homogenizacji pardwek z lososia, ale takze zastosowana podczas

produkcji obrébka termiczna mogta mie¢ wptyw na biodostepnos¢ witaminy D. Badanie
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oceniajace wpltyw roznych metod gotowania produktow wieprzowych na zawarto$é
witaminy D wykazato, ze stezenie witaminy D3 bylo najwyzsze w surowej i gotowane;j
kietbasie w porownaniu z migsem mielonym i schabem, a takze, ze aktywno$¢ witaminy
D byta najwyzsza w gotowane;j kietbasie [142]. Co wigcej, stezenie witaminy D3, a takze
aktywno$¢ witaminy D wzrosty dla wszystkich metod obrobki termicznej,
prawdopodobnie ze wzgledu na utratg¢ wody i/ lub thuszczu. Tymczasem w niniejszym
badaniu, podczas gdy st¢zenia witaminy D (ug/g) nie byly takie same w wedzonym
lososiu 1 paréwkach z tososia, dzienna porcja produktu byla takiej wielkosci, aby
zapewni¢ podobna (okoto 5 ng) ilo§¢ witaminy D. To, czy ewentualne gotowanie
produktow w ramach przygotowywania ich do spozycia, ktére bylo dozwolone
Ww niniejszym badaniu, moglo wptyna¢ na wyniki, rowniez wydaje si¢ niejasne, poniewaz
niektore badania pokazuja, Ze retencja witaminy D po gotowaniu jest wyzsza niz
w surowych produktach [142], podczas gdy inne dowodza, ze retencja zmniejsza si¢ po
obrébce cieplnej [143].

Co wazne, gdy ocenia si¢ zawarto$¢ witaminy D w Zywnos$ci, analizowane probki
sa zwykle homogenizowane [139,141-143], takze gdy analizowana jest zawarto$¢
witaminy D w rybach [144]. Dlatego tez znacznie lepsza skuteczno$¢ paréwek z tososia
w porownaniu zlososiem wedzonym mozna wytlumaczy¢ faktem, ze oznaczona
zawarto$¢ witaminy D w tososiu wedzonym moze nie odzwierciedla¢ ilo$ci witaminy D,
ktora jest biodostepna dla ludzi, poniewaz produkt ten nie jest homogenizowany przed
spozyciem. Nie kazda osoba gryzie i zuje wystarczajaco doktadnie, aby zapewni¢ petng
homogenizacje produktu przed potknigciem. W przeciwienstwie do tego, parowki
z lososia s3 juz zhomogenizowane przed spozyciem. Wiadomym jest, ze witamina D
moze by¢ wchlonigta tylko wtedy, gdy jest rozpuszczona w wystarczajaco malych
czasteczkach, ktore moga przej$¢ przez btong Sluzowa [145]. Istnieje réwniez hipoteza,
ze enzymy trawigce biatka, takie jak pepsyna i trypsyna, odgrywaja kluczowa role we
wchtanianiu witaminy D poprzez rozktadanie bialek wigzacych witaming D znajdujacych
si¢ W Zywnosci, pomagajac w ten sposob w jej uwalnianiu, a w dwunastnicy enzymy
trawienne, takie jak amylazy, lipazy i proteazy, dodatkowo przyczyniaja si¢ do
uwalniania witaminy D z matrycy pokarmowe;j [146].

Produkty zhomogenizowane zapewniaja wigksza powierzchni¢ dla dziatania
enzymoOw trawiennych w poréwnaniu do produktow niezhomogenizowanych. Dlatego
tez, pomimo braku twardych dowodéw, prawdopodobne jest, ze proces homogenizacji,

bedacy elementem produkcji pardwek z tososia, mogt by¢ czynnikiem poprawiajagcym
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biodostepnos¢ witaminy D. Co za tym idzie, lepsza biodostgpnos¢ witaminy D
w parowkach z tososia niz w tososiu wedzonym mogla spowodowaé wigksza
efektywnos$¢ interwencji — zaktadajac, ze rzeczywista dostepna ilos¢ witaminy D byta
dzigki homogenizacji wyzsza w parowkach z tososia niz w tososiu wedzonym, pomimo
tego, co wykazaty analizy laboratoryjne. Ze wzgledu jednak na brak dogl¢bnych badan
dotyczacych wptywu homogenizacji produktu na biodostgpnos¢ witaminy D, pozostaje
to jedynie w sferze hipotez. Na brak dostatecznej wiedzy w tym zakresie wskazujg takze
inni naukowcy stwierdzajac, ze istnieje niewielka liczba badan na temat tego jak
ztozono$¢ matrycy zywnosci wplywa na wchianianie 1 biodostgpno$¢ witaminy D oraz
ze potrzeba wiecej badan, aby lepiej to zrozumie¢ [146].

Kolejnym mozliwym wyjasnieniem zaobserwowanych wynikéw moze by¢
czestotliwos¢ spozywania produktu interwencyjnego. Uczestniczki badania zostaty
poinformowane, ze moga spozywac dzienng porcj¢ produktu interwencyjnego codziennie
lub spozywac podwdjng porcje dzienng co drugi dzien. Zauwazono, ze osoby z grupy
spozywajacej parowki z tososia spozywaty produkt interwencyjny cze¢$ciej codziennie
niz co drugi dzien w poréwnaniu do 0sob z grupy spozywajacej wedzonego tososia. Moze
to stanowi¢ pewne wyjasnienie zaobserwowanych wynikow, poniewaz rzeczywista
dawka witaminy D wynosita cze$ciej 5 pg dziennie w grupie osob spozywajacych
pardwki z tososia, podczas gdy w grupie osob spozywajacych wedzonego tososia byto to
zazwyczaj] 10 pg co drugi dzien (co odpowiadala takiej samej przecig¢tnej podazy
dobowej, ale faktyczne dawkowanie mogto si¢ rozni¢). Istniejg przestanki, ze u oséb
przyjmujacych duze dawki witaminy D wspotczynnik konwersji do 25(OH)D moze by¢
wolniejszy [147]. W polaczeniu z powyzsza analiza moze to poméOc wyjasnié
zaobserwowane wyniki, poniewaz paréwki z tososia, ktore byly spozywane czesciej
codziennie, a zatem dostarczaly mniejsze ilosci witaminy D, ale cze¢$ciej, okazaly si¢
bardziej skuteczne niz wedzony tosos, ktory byt czesciej spozywany co drugi dzien,
dostarczajac wigksze ilosci witaminy D, ale rzadzie;.

Ostatnim, nie mniej waznym, wyjasnieniem zaobserwowanych wynikow moze by¢
szlak metaboliczny witaminy D w ciele cztowieka. Po dostaniu si¢ do organizmu
cztowieka, zar6wno w wyniku syntezy skornej, jak 1 spozycia pokarmu, witamina D ulega
wigzaniu z biatkiem wigzacym witamine D (ang. Vitamin D-Binding Protein, VDBP), co
umozliwia jej transport w krwioobiegu do tkanek watroby lub do adipocytow w celu jej
przechowania [148]. Watroba stanowi gtowne miejsce pierwszej fazy metabolizmu

witaminy D, tj. 25-hydroksylacji, prowadzacej do przeksztalcenia witaminy D
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w 25-hydroksywitaming D (25(OH)D) — form¢ oznaczang w niniejszym badaniu [4].
Nastepnie 25(OH)D jest metabolizowana do 1,25-dihydroksywitaminy D (1,25(OH).D),
co zachodzi gléwnie w nerkach. Ta forma jest odpowiedzialna za wigkszo$¢ aktywnosci
hormonalnej 1 biologicznej witaminy D [149]. Stezenie 1,25(OH).D jest $cisle
regulowane przez 24-hydroksylazg — enzym, ktory jest indukowany przez 1,25(OH),D
w celu promowania wlasnego katabolizmu [149], a takze katabolizmu 25(OH)D [4].
Ponadto produkcja 1,25(OH)D w nerkach jest $cisle regulowana i inhibitowana przez
czynniki takie jak wapn 1 fosforany [149]. Nawet niewielki spadek stezenia wapnia
w plynie pozakomdrkowym, na przyktad po catonocnym poscie, moze wywota¢ kaskade
procesow biologicznych, ktore moga wptywaé rowniez na metabolizm witaminy D [150].
Co wigcej, poniewaz magnez odgrywa kluczowa rolg¢ w transporcie witaminy D i1 obu
etapach hydroksylacji wymaganych do wytworzenia zarowno 25(OH)D, jak
1 1,25(OH)2D, poniewaz dziala jako kofaktor, niedobér magnezu moze ostabiaé
aktywacje¢ witaminy D [151].

W zwiazku z tym mozna przypuszczac, ze na ilo$¢ witaminy D przetransportowane;j
do watroby, a nastgpnie przeksztatconej w 25(OH)D, ktora byta oznaczana w badaniach
krwi, mogty mie¢ wptyw inne watrobowe szlaki metaboliczne modulowane przez rézne
sktadniki odzywcze pochodzace z zywnosci. Dodatkowo, na stezenie 25(OH)D
u uczestniczek badania moglto mie¢ wpltyw stezenie 1,25(OH).D, ktore nie byto
oznaczane w badaniu. Co wigcej, czgs¢ witaminy D wchionigtej z produktow mogta by¢
bezposrednio transportowana do tkanki tluszczowej 1 w niej magazynowana, zamiast
stuzy¢ jako substrat do hydroksylacji 25(OH)D w watrobie, przez co nie zostala
oznaczona w badaniach krwi. Wedtug Heaney 1 wsp. [152], witamina D przechowywana
w tkance thuszczowej stanowi okoto 17% przyjetej dawki, przy znacznym zréznicowaniu

osobniczym, co podkresla znaczenie rowniez réznic indywidualnych.

1.7.4.3. Wplyw poczgtkowego steienia 25(0OH)D na efektywnosé interwencji

Wyniki przeprowadzonego badania wskazuja, ze poczatkowe stezenie 25(OH)D
w surowicy krwi jest czynnikiem, ktory nalezy wziag¢ pod uwage przy ocenie
skuteczno$ci tego typu interwencji zywieniowej. W grupie spozywajacej parowki
z tososia, w ktorej interwencja byta bardziej skuteczna w porownaniu do grupy
spozywajacej tososia wedzonego, obnizenie stezenia 25(OH)D bylo wigksze wsrdd osob

z poczatkowym stezeniem 25(OH)D wynoszacym 50 nmol/l lub wiecej (wskazujacym na
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odpowiednie stgzenie witaminy D) w poréwnaniu do oséb z poczatkowym stezeniem
25(OH)D ponizej 50 nmol/l (wskazujacym na niedobdr witaminy D).

W grupie spozywajacej wedzonego tososia zaobserwowano bliskg istotnosci
statystycznej rdznice dotyczgcg zmiany stezenia 25(OH)D w surowicy krwi w zalezno$ci
od poczatkowego stanu odzywienia witaming D. Mediana obnizenia 25(OH)D wsrod
uczestniczek z odpowiednim poczatkowym stanem odzywienia witaming D byta wigksza
niz wsrod uczestniczek z niedoborem witaminy D na poczatku badania. W grupie
kontrolnej obnizenie stezenia 25(OH)D w surowicy krwi bylo podobne w obu
podgrupach (niedoboér vs. odpowiedni stan odzywienia witaming D na poczatku badania).
Wyniki te sugeruja, ze interwencje zywieniowe majace na celu zwigkszenie spozycia
witaminy D, jak ta wopisywanym badaniu, s3a bardziej skuteczne u o0séb
z nieodpowiednim stanem odzywienia witaming D. Z tego wzgledu zalecenie spozywania
wigkszej ilosci ryb o wysokiej zawarto$ci witaminy D moze by¢ szczeg6élnie wazne
1 korzystne dla 0s6b z niskim stezeniem 25(OH)D w surowicy krwi.

Inne badania potwierdzaja, ze interwencje wigzg si¢ z wigkszymi wzrostami
stezenia 25(OH)D, gdy rozpoczynaja si¢ od niskich stezen poczatkowych w poréwnaniu
z wysokimi stezeniami poczatkowymi [153]. W cytowanym wczesniej badaniu
biodostgpnosci witaminy D z chleba przeprowadzonym przez Natri i wsp. [139]
zaobserwowano ujemng korelacje miedzy poczatkowym stezeniem 25(OH)D w surowicy
krwi a wzrostem st¢zenia 25(OH)D 1 wskazano, Zze suplementacja i wzbogacanie
zywnosci byly bardziej skuteczne w poprawie stanu odzywienia witaming D u osob
z poczatkowym niskim jej stezeniem. Ponadto niektore badania analizujace wpltyw
suplementacji nieduzych dawek witaminy D zostaly zaplanowane w taki sposob, aby
obejmowaé wylacznie uczestnikéw i uczestniczki z niskim poczatkowym stezeniem
25(0OH)D w surowicy krwi [141].

Nie mozna jednak zapomnie¢ o réznicach indywidualnych. W badaniu wlasnym
w obu grupach interwencyjnych byly osoby, u ktorych stezenie 25(OH)D wzrosto po
czterech 1 o$miu tygodniach interwencji pomimo odpowiedniego poczatkowego stezenia
witaminy D, atakze osoby, u ktérych stezenie 25(OH)D obnizylo si¢ pomimo

poczatkowego stanu odzywienia witaming D sklasyfikowanego jako niedobér.
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1.7.5. Wplyw zwig¢kszenia spozycia ryb do poziomu zgodnego z zaleceniami, przez
wprowadzenie do diety lososia wedzonego, na profil lipidowy

1.7.5.1. Efektywnos¢ interwencji

Podczas gdy nie odnotowano réznic migdzy grupg interwencyjng a grupa kontrolna,
bioragc pod uwage bezwzgledne wartosci stezen poszczegdlnych parametrow profilu
lipidowego (TC, HDL, nie-HDL, LDL, TAG) zaréwno podczas interwencji, jak i po jej
zakonczeniu, zaobserwowano roéznice w zmianach niektorych stezen. Po o$miu
tygodniach spozywania 200 g wedzonego tososia hodowlanego tygodniowo,
u uczestniczek z grupy interwencyjnej zaobserwowano obnizenie st¢zenia cholesterolu
frakcji LDL, podczas gdy w tym samym okresie u uczestniczek z grupy kontrolnej
zaobserwowano jego wzrost. Z metaanalizy przeprowadzonej przez Hasana i wsp. [54]
wynika, ze zmiana stylu zycia skutkujaca utrata 1 kg masy ciala zmniejsza stezenie
cholesterolu frakcji LDL o 1,28 mg/dl (95% CI, -2,19 do -0,37 mg/dl). W badaniu
wlasnym wiaczenie 200 g tososia wedzonego tygodniowo do diety spowodowato ponad
sze$ciokrotnie wigksze obnizenie st¢zenia cholesterolu frakcji LDL, co jest bardzo
obiecujacym wynikiem przemawiajacym za zwigkszeniem spozycia thustych ryb w celu
poprawy stezenia cholesterolu frakeji LDL.

Metaanaliza przeprowadzona przez Alhassan 1 wsp. [62] wykazala, ze
umiarkowane spozycie thustych ryb (20-150 g dziennie) wigze si¢ ze statystycznie
istotnym obnizeniem stezenia TAG i wzrostem stezenia cholesterolu frakcji HDL
w poréwnaniu z grupa kontrolng [62]. Chociaz w niniejszym badaniu spozycie tososia
odpowiadato 28,6 g thustych ryb dziennie, co miesci si¢ w zakresie uznanym za skuteczny
w metaanalizie Alhassan 1 wsp. [62], zaobserwowano zmiany st¢zenia cholesterolu
frakcji LDL, ale nie zaobserwowano istotnych réznic w zmianach st¢zenia cholesterolu
frakcji HDL 1 TAG [62]. W nieco nowszym przegladzie badan interwencyjnych
stwierdzono, ze podczas gdy niektore interwencje obejmujace zwigkszenie spozycia ryb
skutkowaty obnizeniem st¢zenia TAG, w innych badaniach nie odnotowano zadnych
znaczacych efektow w odniesieniu do stezenia TAG, zwlaszcza gdy nie bylo ono
podwyzszone przed rozpoczgciem interwencji [154].

Co ciekawe, nie zaobserwowano zadnych réznic miedzy grupami w ciggu
pierwszych czterech tygodni interwencji; odnotowano jedynie rdznice wskazujacg na
tendencj¢ w zmianach stezenia cholesterolu frakcji LDL od t5 do tk, a statystycznie

istotng réznic¢ odnotowano jedynie dla calego okresu interwencji (od t0 do tk). Moze to
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oznaczac, ze potrzeba wiecej czasu, aby zaobserwowac jakiekolwiek zmiany w profilu
lipidowym. Z drugiej strony, badanie interwencyjne z udzialem kobiet i mezczyzn
w wieku 23-65 lat z prawidtowg lipidemig lub tagodng hiperlipidemig, w ktorym jedna
z grup interwencyjnych spozywata okolo 226 g lososia tygodniowo, spowodowato
obnizenie st¢zenia TAG i wzrost stgzenia HDL w poréwnaniu z grupa kontrolng juz po
czterech tygodniach [155], co wskazuje, ze nawet tak krotki czas moze by¢ wystarczajacy
do zaobserwowania statystycznie istotnych zmian. Tak odmienne wyniki wynikajg
prawdopodobnie z faktu, ze cytowane badanie [155] bylo kontrolowanym badaniem
zywieniowym, w ktérym diety nie zawieraly zadnych pokarméw bogatych w kwasy
thuszczowe omega-3 innych niz te testowane (co dotyczyto nawet stosowania olejow —
w grupie interwencyjnej dozwolone bylo stosowanie jedynie oliwy z oliwek i1 oleju
kukurydzianego jako tluszczéw dodanych), podczas gdy badanie wlasne zakladato
bardziej realistyczny scenariusz, w ktorym uczestniczki z grupy kontrolnej zostaly
poinstruowane, by nie zmienia¢ swoich dotychczasowych zachowan zywieniowych,
w zwigzku z czym mogly one spozywac ryby i inne zrodta kwasow omega-3, co miato
odzwierciedla¢ zwigkszenie spozycia ryb przy utrzymaniu dotychczasowych zachowan
zywieniowych. Ponadto cytowane badanie [155] zostalo opublikowane w 2009 roku, co
moze wskazywac, ze toso§ w nim uzyty mogl mie¢ znaczaco odmienng warto$é
odzywczg w porownaniu do lososia uzytego w niniejszym badaniu (z uwagi na fakt, ze
w ostatnich latach dieta fososia hodowlanego ulegla zmianie, co spowodowato zmiang
jego wartosci odzywczej [63]); nie podano jednak szczegotowych informacji na temat
lososia uzytego w tym badaniu. Co wigcej, starszy wiek uczestnikdw cytowanego
badania [155] réwniez mogl odegra¢ pewna rolg.

Biorac pod uwage poszczegdlne wskazniki aterogenno$ci analizowane
w niniejszym badaniu, réznice pomi¢dzy obiema badanymi grupami zaobserwowano
w odniesieniu do zmiany wskaznika Cholindex w trakcie badania. W grupie
interwencyjnej odnotowano korzystne z punktu widzenia zdrowia obnizenie tego
wskaznika, podczas gdy w grupie kontrolnej zaobserwowano wzrost. Rdznice te
wynikaja z odnotowanych réznic w zmianach stezenia cholesterolu frakcji LDL migdzy
grupami, poniewaz stezenie cholesterolu frakcji LDL jest sktadowa do obliczania
wskaznika Cholindex. Niemniej jednak obnizenie tego wskaznika jest bardzo korzystne,
poniewaz uwaza si¢, ze jest on silniej zwigzany z ryzykiem choréb uktadu krazenia niz

inne parametry lipidowe rozpatrywane indywidualnie [91].
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Wyniki przedstawionego badania wskazuja, ze interwencja byla najbardziej
skuteczna w odniesieniu do stezen cholesterolu frakcji LDL, a co za tym idzie, zmian
wskaznika Cholindex. Nalezy jednak rowniez zwr6ci¢ uwage na malejgcg wartos¢ p dla
prawie wszystkich analizowanych parametrow profilu lipidowego. Moze to oznaczaé, ze
gdyby interwencja trwata dtuzej, mozna by rowniez zaobserwowac réznice w odniesieniu

do pozostatych parametrow lipidowych.

1.7.5.2. Niekorzystny 7 punktu widzenia zdrowia wzrost steZenia TAG w grupie
interwencyjnej

Niekorzystng z punktu widzenia zdrowia zmiang zaobserwowang
w prezentowanym badaniu byt wzrost stezenia TAG w grupie interwencyjnej
w poréwnaniu do grupy kontrolnej. Podczas gdy dla catej grupy badanej rdznica ta byta
bliska istotno$ci statystycznej, w podgrupie uczestniczek o podwyzszonym ryzyku
sercowo-naczyniowym (WHtR > 0,5) roznica ta byla istotna statystycznie. Wzrost
stezenia TAG odnotowano w grupie interwencyjnej, a obnizenie st¢zenia TAG w grupie
kontrolnej. W przeciwienstwie do tych wynikéw, wyniki 4-tygodniowego badania
interwencyjnego, w ktorym mezczyzni i kobiety z nadwaga spozywali hodowlanego
lososia atlantyckiego dwa razy w tygodniu w ilosciach od 90 do 270 g na porcje,
pozwolity stwierdzié, ze nawet przy najnizszym spozyciu tososia, tj. 180 g tygodniowo,
zaobserwowano obnizenie stezenia TAG oraz wzrost st¢zenia cholesterolu frakcji HDL
[156].

Ponadto w cytowanej uprzednio metaanalizie Alhassan i wsp. [62] oraz przegladzie
badan randomizowanych [154] stwierdzono, ze spozywanie ttustych ryb wydaje si¢ mie¢
dzialanie obnizajace st¢zenie TAG zarowno u zdrowych, jak 1 chorych osob. Jednakze,
w przegladzie [154] wskazano réwniez badania z zakresu lipidomiki, w ktérych wzrost
niektorych TAG (zwykle tych o dluzszym tancuchu 1 wigkszej liczbie desaturacji, takich
jak TAG(22:6) 1 TAG(20:5) lub TAG(56:5) i TAG(56:7) byl zwigzany ze wzrostem
spozycia tlustych ryb, co sugeruje, ze spozycie ryb wplywa nie tylko na zmiang st¢zenia
TAG, ale prawdopodobnie rowniez przebudowuje ich strukturg. Autorzy badania
wskazali w podsumowaniu, ze okreslenie optymalnej ilosci ryb potrzebnej do

skutecznego obnizenia st¢zenia TAG wcigz pozostaje wyzwaniem [154].
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1.7.5.3. Wplyw kwasow ttuszczowych omega-3 na profil lipidowy

Zmiany w parametrach profilu lipidowego obserwowane w niniejszym badaniu,
a mianowicie obnizenie stezenia cholesterolu frakcji LDL w grupie interwencyjnej
i wzrost stezenia TAG w podgrupie uczestniczek o podwyzszonym ryzyku sercowo-
naczyniowym (WHItR > 0,5), mozna najprawdopodobniej przypisa¢ dtugotancuchowym
kwasom tluszczowym omega-3 wystepujacym w tososiu, takim jak ALA, EPA i DHA.
Obecnos¢ EPA 1 DHA, wystepujacych gtownie w rybach i owocach morza [157] sprawia,
ze ryby zajmuja wazne miejsce w licznych zaleceniach zywieniowych [14], w tym
w zaleceniach Amerykanskiego Towarzystwa Kardiologicznego w celu zmniejszenia
ryzyka wystgpienia chorob wuktadu krazenia [60,158]. Jednakze w badaniu
interwencyjnym z uzyciem preparatow farmaceutycznych z wyizolowanymi EPA i DHA
stwierdzono, ze EPA nie wplywa na stezenie cholesterolu frakcji LDL, podczas gdy DHA
zwicksza jego stezenie [159], w przeciwienstwie do wynikow niniejszego badania.

Z cytowanego wczesniej badania interwencyjnego [155], w ktorym jedna z grup
interwencyjnych spozywata 2 porcje tososia tygodniowo (ok. 226 g/ tydzien), a druga
porcje (42,5 g/ 2400 kcal) orzechow wtoskich 6 dni w tygodniu wynika, ze zwickszenie
spozycia tososia spowodowato zwigkszenie stgzenia TC i cholesterolu frakcji LDL
w poréwnaniu z grupa kontrolng 1 interwencyjng spozywajacg orzechy wiloskie,
natomiast zwigkszenie spozycia orzechow wloskich — obnizenie stezenia TC
1 cholesterolu frakcji LDL w poréwnaniu z grupg kontrolng i interwencyjng spozywajaca
ososia. Orzechy wloskie sg zrodtem kwasu omega-3 ALA, ktory jest prekursorem EPA
1 DHA. Biorac pod uwage fakt, ze toso§ uzyty w badaniu interwencyjnym
przeprowadzonym przez autorke niniejszej dysertacji byl rowniez Zrodlem ALA (tak jak
orzechy wtoskie w cytowanym badaniu [155]), zaobserwowane obnizenie st¢zenia
cholesterolu frakcji LDL, ktére nie ma odzwierciedlenia w innych badaniach
interwencyjnych z uzyciem ryb, mozna probowac tlumaczy¢ wlasnie tym, ze loso$ uzyty
w badaniu zawieral kwas thuszczowy ALA (420 mg/ 100 g), ktéry nie zawsze wystepuje
w innych probkach tososia, co opisano doktadniej w kolejnym podrozdziale.

Ponadto w badaniach przeprowadzonym przez innych autoréw, zastapienie
nasyconych kwasow tluszczcowym przez jednonienasycone kwasy thuszczowe
(ang. monounsaturated fatty acids, MUFA) powodowato obnizenie st¢zenia cholesterolu
frakcji LDL u os6b z umiarkowang hipercholesterolemig [160], a zastapienie oleju

o wysokiej zawartosci LA 1 niskiej zawartoSci ALA olejami o wysokiej zawarto$ci
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MUFA i ALA 1 niskiej zawarto$ci LA powodowato obnizenie stezenia cholesterolu
frakcji LDL [161]. W badaniu wlasnym MUFA stanowity az 53% tluszczu ogodtem
w tososiu uzytym w interwencji, a kwasy tluszczowe omega-3 — 14% (w tym ALA —
4,6%), co moze w pewnym sposob tlumaczy¢ uzyskane wyniki. Z drugiej strony
zawarto$¢ kwasoOw omega-6 byta rownie wysoka jak omega-3 i rowniez stanowita 14%.
W przeciwienstwie do zacytowanych badan [160,161], w metaanalizie przeprowadzone;j
przez Cao 1 wsp. [162] stwierdzono, ze spozycie MUFA nie wplywa na stezenie
cholesterolu frakcji LDL, ale moze obnizy¢ TAG. Ponadto, jak opisano powyzej, inne
badania interwencyjne obejmujace zwickszenie spozycia ryb [155,156], przeglad badan
interwencyjnych [154] i metaanaliza [62] wykazaly, ze zwigkszenie spozycia thustych ryb
obniza stezenie TAG 1 zwigksza stezenie HDL, czego nie zaobserwowano w badaniu

wilasnym.

1.7.5.4. Zawartosé poszczegolnych kwasow ttuszczowych w lososiu

Chociaz toso$ nalezy do grupy ryb ttustych, o ktérych wiadomo, Ze sa dobrym
zrédtem kwasoéw thuszczowych omega-3 [3], wydaje si¢, ze rdznice migdzy réznymi
prébkami lososia sa ogromne, co wida¢ poréwnujac wartos¢ odzywcza 100 g lososia
wedzonego uzytego w interwencji z danymi dla tososia wedzonego z bazy USDA [163].
W lososiu uzytym w badaniu przeprowadzonym przez autorke niniejszej dysertacji
zawarto§¢ MUFA wynosita 5,23 g, podczas gdy w tososiu z bazy USDA — 2,02 g;
zawartos¢ omega-6 w tososiu z niniejszego badania wynosita 1270 mg, natomiast
zawartos$¢ LA (gtownego kwasu omega-6) w tososiu w bazie USDA — 472 mg; zawartos¢
ALA w tososiu z niniejszego badania wynosita 450 mg, podczas gdy w lososiu w bazie
USDA - 0 mg; zawartos¢ EPA w tososiu z niniejszego badania wynosita 290 mg, podczas
gdy w bazie USDA — 183 mg; zawartos¢ DHA w tososiu z niniejszego badania wynosita
320 mg, podczas gdy w bazie USDA — 267 mg [163]. Oznacza to, ze toso$§ uzyty
w interwencji zawieral wigcej MUFA, wigcej omega-6, wigcej EPA 1 wigcej DHA niz
toso§ z bazy USDA oraz ze zawieral on kwas ALA, ktorego toso§ z bazy USDA nie
zawieral wcale. W prezentowanym badaniu catkowita zawarto$¢ tluszczu w lososiu
wynosita 9,87 g, a w tososiu w bazie USDA 4,32 g, co wigze si¢ rOwniez z wartoscig
energetyczng wedzonego tososia — w prezentowanym badaniu byto to 176 kcal, a w bazie
USDA 117 kcal na 100 g tososia wedzonego [163]. Wedzony toso$ uzyty w interwencji
byt tososiem atlantyckim pochodzenia hodowlanego, podczas gdy ten w bazie danych

USDA mogt pochodzi¢ z zupeinie innego towiska (réwniez dzikiego), co jednak nie jest
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pewne, jako ze pochodzenie lososia nie zostalo tam wskazane. Jednakze analiza
poszczegbdlnych kwasoéw tluszczowych w tososiu roznego pochodzenia przeprowadzona
przez Jensen i wsp. [86] wydaje si¢ wskazywac, ze rowniez toso$ z bazy USDA byt
hodowlany. Podczas gdy stosunek omega-6/omega-3 w tososiu hodowlanym w analizie
Jensen 1 wsp. [86] wynosit 0,7 + 0,01, co jest bliskie wartosci 0,9 jak ma to miejsce
zardwno w przypadku lososia uzytego w interwencji w badaniu wtasnym jak i w tososiu
z bazy USDA, w dzikim tososiu wynosit 0,05 + 0,01, czyli ponad dziesi¢¢ razy mniej
[86]. Nie wiadomo jednak, z jakiego obszaru potowego pochodzit toso$ z bazy USDA
[163].

Aby lepiej zrozumie¢ réznice w zawarto$ci poszczegolnych kwasoéw ttuszczowych
w tososiu w zalezno$ci od probki, warto przeanalizowaé sklad kwasow tluszczowych
surowego hodowlanego lososia atlantyckiego z bazy danych USDA (a nie tososia
wedzonego z nieokreslonego obszaru powotowego jak miato to miejsce w powyzszym
akapicie) [164]. Zgodnie z wynikami analizy sktadu hodowlanego tososia atlantyckiego
zaprezentowanymi w bazie USDA, zawartos¢ EPA w tlososiu wynosila 862 mg
w poréwnaniu do 290 mg w tososiu uzytym w badaniu witasnym, a DHA wynosita
1100 mg [164] w poréwnaniu do 320 mg w tososiu uzytym w niniejszej interwencji.
Zawarto$¢ kwasow ttuszczowych EPA i DHA jest wigc okoto trzy razy wigksza w tososiu
w bazie USDA niz w tososiu uzytym w niniejszej interwencji. Co wazne, dane w bazie
USDA nie zostaly zaktualizowane po 2008 roku [164], co moze wskazywac, ze wartos¢
odzywcza hodowlanego tososia atlantyckiego uleglta znaczacej zmianie w ostatnich
latach, przy czym obecnie zawiera on mniej EPA 1 DHA.

Wydaje si¢ to mie¢ odzwierciedlenie w badaniach interwencyjnych prowadzonych
z wykorzystaniem hodowlanego lososia atlantyckiego. W niniejszym badaniu, ktore
przeprowadzono w latach 2021-2022, 200 g wedzonego tososia hodowlanego
tygodniowo dostarczato 174 mg EPA + DHA dziennie, podczas gdy w badaniu
o podobnym przebiegu, ale przeprowadzonym dziesi¢¢ lat wczesniej (2010-2012) [156],
180 g hodowlanego tososia atlantyckiego tygodniowo dostarczato 307 mg tych kwasow
thuszczowych dziennie, czyli okoto 1,8 razy wigcej niz w badaniu wlasnym. Roznice te
moga wynika¢ z odmiennej paszy dostarczanej tososiom, a takze z faktu, ze cytowane
badanie zostato przeprowadzone w USA [156], podczas gdy prezentowane badanie
zostalo przeprowadzone w Polsce. Niemniej jednak, wyraznie widaé, ze istnieja znaczne
réznice w zawartosci EPA + DHA, a takze ALA w r6znych probkach tososia, nawet

w przypadku hodowlanego tososia atlantyckiego.
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Mozna by si¢ zastanawiac, czy proces wedzenia nie zmniejsza zawartosci kwasow
thuszczowych EPA i DHA. Badania pokazuja jednak, ze st¢zenie EPA i DHA w tososiu
atlantyckim po we¢dzeniu na zimno nie rdzni si¢ od surowego tososia, podczas gdy proces
wedzenia ma ochronny wptyw na EPA 1 DHA, co przektada si¢ na trzykrotnie wigksza
utratg tych kwaséw thuszczowych w probkach surowych w poréwnaniu do probek
wedzonych w trakcie przechowywania [165].

Niewielkie eksperymentalne badanie naprzemienne (ang. cross-over)
przeprowadzone w grupie 20 zdrowych 0sob dorostych ukazato bardzo interesujace
i skfaniajace do refleksji wyniki dotyczace wptywu zawartosci EPA + DHA oraz
stosunku omega-6/omega-3 na profil lipidowy [166]. Osoby biorgce udzial w tym
badaniu spozywaly 630 g dorady tygodniowo, ktora byta uprzednio karmiona albo 100%
maczka rybna, albo maczka rybng zmieszang z biatkami roslinnymi (50%/50%). Podczas
gdy spozycie EPA + DHA byto podobne w obu grupach o0s6b bioracych udzial w badaniu,
stosunek omega-6/omega-3 byt prawie dwukrotnie wyzszy w grupie 0sob spozywajacych
dorade karmiong maczka rybng zmieszang z biatkiem ro$linnym w poréwnaniu do grupy
0sOb spozywajacych dorade karmiong 100% maczka rybng (0,91 vs. 0,48). Co wazne,
stosowana przez osoby biorace udzial w badaniu dieta miata duzy wplyw na profil
lipidowy. W grupie, ktora jako pierwsza spozywata ryby karmione 100% maczka rybna,
po tym etapie badania zaobserwowano znaczace obnizenie stezenia TC, cholesterolu
frakcji LDL 1 TAG, podczas gdy po drugim etapie (spozywanie ryb karmionych maczka
rybng zmieszang z biatkiem ro$linnym) ich stezenia powrocity do poziomow
wyjsciowych. W drugiej grupie nie zaobserwowano rdznic po pierwszym etapie
(spozywanie ryb karmionych maczka rybng zmieszang z biatkiem roslinnym), podczas
gdy po drugim etapie interwencji (spozywanie ryb karmionych 100% maczka rybng)
odnotowano wzrost stezenia TC [166].

Wyniki tego badania [166], pochodzace z 2013 roku, wyraznie sugeruja, ze nie
tylko suma EPA + DHA, ale by¢ moze nawet bardziej stosunek omega-6/omega-3
w spozywanych rybach, determinuje zmiany w profilu lipidowym os6b badanych. Warto
zauwazy¢, ze jak napisano powyzej, pomimo spozywania 630 g dorady karmionej
maczka rybng zmieszang z biatkiem ro§linnym tygodniowo, a tym samym wysokiego
spozycia EPA + DHA, nie zaobserwowano zadnych zmian w parametrach profilu
lipidowego uczestnikow [166]. Moze to pomdc wyjasni¢ wyniki niniejszego badania,
w ktorym nie zaobserwowano roznic w st¢zeniach TC 1 TAG migdzy grupami, jako Ze

stosunek omega-6/omega-3 w tososiu uzytym w prezentowanej interwencji wynosit 0,9
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— podobnie jak dorady karmionej maczka rybng zmieszang z bialkiem roslinnym
w cytowanym badaniu [166]. Pomimo niejednoznacznych wynikow, wydaje sig, ze
wyzszy stosunek omega-6/omega-3 we krwi zwigzany jest z negatywnymi skutkami dla
uktadu krazenia [167]. Rowniez z tego powodu wydaje si¢, ze stosunek omega-6/omega-
3 w spozywanym tososiu moze odgrywaé istotng rolg w poprawie parametrow
zdrowotnych.

W ciaggu ostatnich dwoch dekad komercyjna pasza dla tososi hodowlanych zmienita
si¢ w kierunku bardziej roslinnej ze wzgledu na ograniczong dost¢pnos¢ maczki rybne;j
z ryb morskich i oleju rybnego, co, jak wiadomo, skutkuje zmniejszong zawartoscig EPA
+ DHA i zwigkszong zawarto$cig kwasow thuszczowych omega-6 [63]. Zdaniem Sissener
[63], podczas gdy liczne interwencje zywieniowe z uzyciem tososia hodowlanego
wykazaly korzystny wplyw na profil kwaséw tluszczowych i parametry zdrowotne
u ludzi, do wielu z tych badan wykorzystano tososia karmionego pasza sktadajaca si¢
gléwnie z maczki rybnej z ryb morskich i oleju rybnego. Wyniki badania wtasnego,
w ktérym, oceniajac na podstawie sktadu kwasoéw tluszczowych uzytego tososia, mozna
przypuszczaé, ze toso$ byt karmiony w duzej mierze takze sktadnikami pochodzenia
ros$linnego, wydaja si¢ wskazywac, ze korzystny wptyw zwigkszenia spozycia tososia na
rézne aspekty zdrowotne, obserwowany w metaanalizach [7,9,10,57,58,128,168], moze
niekoniecznie by¢ odnotowany w badaniach prowadzonych obecnie ze wzgledu na mnie;j
korzystny stosunek kwaséw omega-6/omega-3 w dostgpnym na rynku lososiu
hodowlanym. Ponadto fakt, Ze loso$ hodowlany karmiony gtownie pasza zawierajaca
sktadniki ros§linne zawiera kwas ALA, podczas gdy toso$ dziki lub toso$ hodowlany
karmiony wylacznie maczka rybng nie, moze mie¢ wplyw na st¢zenia parametrow
lipidowych, takich jak cholesterolu frakcji LDL. Jest to zgodne z obserwacjami z badania
wlasnego, w ktdrym zaobserwowano zmiany w st¢zeniu cholesterolu frakcji LDL. Z kolei
w badaniach, w ktorych uzyto tososia niedostarczajacego kwasu ALA (ze wzgledu na
brak sktadnikow roslinnych w paszy), nie zaobserwowano podobnych zmian.

Nalezy jednak pamigta¢, ze loso§ jest nie tylko zréodlem niezbednych
nienasyconych kwasow tluszczowych w diecie cztowieka [60], ale moze rdéwniez
dostarcza¢ znacznych ilosci witaminy D, co jest szczegdlnie wazne, gdy synteza skorna
nie jest mozliwa ze wzgledu na szeroko$¢ geograficzng miejsca zamieszkania i por¢ roku
[28]. Zawarto$¢ witaminy D w komercyjnie dostepnym hodowlanym tososiu atlantyckim
w Polsce wynosi nawet 21,3 pg/ 100 g [64], co pokrywa 142% wystarczajacego spozycia
(ang. adequate intake, Al) wynoszacego 15 pg dziennie [43]. Ponadto toso§ moze by¢

rowniez zrodlem selenu i jodu [30].
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1.8. Ograniczenia i mocne strony przeprowadzonych badan

1.8.1. Badanie ankietowe analizujace wiedze¢ zywieniowa dotyczaca spozywania
ryb oraz wielkos$¢ i determinanty spozycia ryb (badanie 1)

Przeprowadzone badanie jest badaniem dostarczajagcym nowych danych w zakresie
zardwno wiedzy zywieniowej dotyczacej ryb (sktadniki odzywcze zawarte w rybach,
wplyw spozywania ryb na zdrowie, korzy$ci i potencjalne zagrozenia zwigzane ze
spozyciem ryb, aktualne zalecenia spozycia ryb) jak i wielkosci spozycia ryb, a co za tym
idzie realizacji zalecen zywieniowych dotyczacych spozywania ryb. Mocng strong
badania jest duza grupa badana, a takze fakt, ze w badaniu wzi¢ly udziat osoby ze
wszystkich siedmiu makroregionéw Polski. Wydaje si¢ to by¢ pierwsze badanie, ktore
analizuje wiedz¢ zywieniowa mtodych Polek z tego zakresu, a takze ocenia wielko$¢
spozycia ryb za pomocg metody, ktdra precyzyjniej niz np. wywiad z 24 godzin pozwala
oszacowac typowe spozycie ryb.

Ponadto mocng strong przedstawionego badania jest mozliwos¢ praktycznego
wykorzystania wnioskoéw z niego wyciagnigtych. Z badania jasno wynika, ze mtode
osoby, ktoére charakteryzuja si¢ wyzszym poziomem wiedzy zywieniowej dotyczacej ryb
spozywaja ich wigcej. Analizujac poszczegdlne pytania zwigzane z wiedza zywieniowa
mozna zauwazy¢, ze mtode Polki maja pewna wiedzg zywieniowa, natomiast nie zawsze
jest ona doglgbna — mimo tego, ze generalnie postrzegaja ryby jako korzystne, to prawie
70% badanych mtodych Polek nie wiedzialo, Ze ryby nie zawieraja ani witaminy C ani
blonnika, a takze Ze rekomendowane jest spozywanie ryb przynajmniej dwa razy
w tygodniu. Biorgc pod uwage niskie spozycie ryb w tej grupie, a takze udowodnione
korzys$ci zdrowotne zwigzane z wigkszym spozyciem ryb, wyniki przeprowadzonego
badania mogg by¢ przyczynkiem do szerszej i bardziej precyzyjnej edukacji zywieniowej
w konteks$cie spozycia ryb.

Chociaz przeprowadzone badanie przedstawia nowe obserwacje, ma ono rowniez
pewne ograniczenia. Biorgc pod uwage cze¢s¢ badania dotyczaca wiedzy zywieniowe]
pewnym ograniczeniem mogto by¢ zastosowanie pytan zamknigtych — w kwestionariuszu
przedstawiono stwierdzenia dotyczace ryb, a osoby badane miaty za zadanie wskazanie,
czy dane stwierdzenie jest prawdziwe czy falszywe. Oznacza to, ze istnieje ryzyko, ze
niektore osoby mogly zaznaczy¢ odpowiedzi w sposob losowy, ktory nie odpowiada ich
rzeczywistej wiedzy. Aby tego unikna¢ mozna by zastosowaé pytania otwarte, jednakze

ze wzgledu na bardzo duza grupe badang, a co za tym idzie bardzo utrudniong analize
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wynikOw pytan otwartych, w badaniu zastosowano pytania zamknig¢te. Aby
zminimalizowaé¢ ryzyko udzielania odpowiedzi w sposob losowy umozliwiono
zaznaczanie odpowiedzi ,,nie wiem”, a takze wskazano na poczatku kwestionariusza, ze
zbierane dane majg charakter naukowy oraz ze badaczom zalezy na odpowiedziach
wiarygodnych (a nie poprawnych). Ze wzgledu na fakt, ze badanie przeprowadzone byto
wsrod osob uczgszczajacych do szkot, a kwestionariusz byt udostgpniony przez
nauczycieli, zwrdcono si¢ do nauczycieli 1 nauczycielek z prosba o to, aby zwrdci¢ uwage
na samodzielne wypetnianie kwestionariusza przez osoby badane.

W kontekscie wielkosci spozycia ryb pewnym ograniczeniem moze by¢ fakt, ze
uzyskane dane mialy charakter retrospektywny, co moze by¢ mniej doktadne niz np.
metoda biezacego notowania spozycia zywnosci. Jednakze ze wzgledu na ogdlnokrajowy
charakter badania, a takze fakt, ze zebrane dane dotyczyty ryb, ktore rzadko sg spozywane
codziennie, zastosowanie innej metody (np. wywiadu o spozyciu z 24 godzin lub
3-dniowego biezacego notowania spozycia) nie bytoby mozliwe. Aby zminimalizowaé
ryzyko uzyskania niedokladnych danych, wiele uwagi poswigcono dokladnemu
przygotowaniu pytan i dodatkowych wskazowek (np. podkreslenie jakiego rodzaju ryb
dotyczy konkretne pytanie), a takze przedstawieniu wielkosci porcji ryb i przetworow
rybnych za pomoca zdje¢ wraz z odpowiadajacg im masg, aby pomoc w doktadnym
oszacowaniu wielko$ci typowo spozywanej porcji.

Kolejnym ograniczeniem jest to, ze kwestionariusz nie zawierat pytan o powody
spozywania lub niespozywania ryb, ani o to, czy dana osoba stosowata dietg
wykluczajaca ryby (np. diete weganska lub wegetarianska), co mogtoby uzupetni¢ wyniki
1 przyczyni¢ si¢ do opracowania zalecen dotyczacych zwigkszenia spozycia ryb.
Poniewaz jednak zbyt dlugi kwestionariusz mogtby skutkowa¢ nizszym odsetkiem
uzyskanych odpowiedzi, zdecydowano si¢ nie zadawaé tego typu pytan. Co nie mniej
wazne, udziat w badaniu byt dobrowolny 1 dlatego, pomimo dazenia do
reprezentatywnosci proby, ze wzgledu na niski odsetek uzyskanych odpowiedzi, zebrane
dane nie sg reprezentatywne dla populacji Polski w tym wieku. Niemniej jednak udato
si¢ zebra¢ dane ze wszystkich makroregionéw Polski, a analizie poddano odpowiedzi
ponad 1300 mtodych Polek i Polakow.

Ograniczeniem, o ktorym warto rowniez wspomnie¢ jest takze fakt, ze w analizach
nie uwzgledniono wptywu zmiennych zakldcajacych oraz ze badanie ma charakter

przekrojowy i nie pozwala na wyciagganie wnioskéw przyczynowo-skutkowych.
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1.8.2. Badanie interwencyjne dotyczace wplywu zwi¢kszenia spozycia lososia na
stan odzywienia witaming D (badanie 2)

Gléwnym atutem przeprowadzonego badania jest analiza wplywu zwigkszenia
spozycia ryb na stan odzywienia witaming D w ramach interwencji, ktora zaktada
spozycie ryb w takiej ilosci, ktora jest mozliwa do zastosowania w codziennej diecie,
w przeciwienstwie do wielu badan, ktore oceniaja tego rodzaju wptyw przy zastosowaniu
nierealistycznie duzych porcji ryb, ktore sg znacznie wigksze niz minimalne zalecane
ilosci spozycia ryb [169]. Dodatkowo, badanie obejmowato zaréwno osoby
z prawidlowym, jak i zbyt niskim poczatkowym stezeniem 25(OH)D, odzwierciedlajac
typowe zroznicowanie w spoleczenstwie. Co wigcej, jest to pierwsze badanie, w ktorym
zbadano wptyw spozywania parowek z lososia na stan odzywienia witaming D 1 pierwsze,
w ktorym porownano wplyw zwickszenia spozycia tego samego gatunku ryby,
a mianowicie tososia, w dwoéch réznych formach, co moze pozwoli¢ na wyciagniecie
bardziej praktycznych wnioskéw. Warto zauwazy¢, ze obnizenie stezenia 25(OH)D
zaobserwowano nie tylko w grupie kontrolnej, ale takze w grupach interwencyjnych.
Pomimo podobnego spozycia witaminy D i braku syntezy skérnej witaminy D, badanie
ujawnito, ze skutecznos$¢ interwencji byla znacznie wigksza w przypadku parowek
z tososia w pordwnaniu z tososiem wedzonym. Wyniki te sg unikalne i wnosza nowe
spojrzenie na kwesti¢ wptywu zwigkszenia spozycia ryb na stan odzywienia witaming D.

Pomimo nowatorskich obserwacji wynikajacych z przeprowadzonego badania,
nalezy zwrdci¢ uwage rowniez na pewne jego ograniczenia. Po pierwsze, uczestniczki
mogty spozywac¢ produkty interwencyjne albo codziennie, rowniez w wielu porcjach,
albo co drugi dzien, a takze podczas dowolnego positku. Biorac pod uwage znaczace
roznice w skuteczno$ci interwencji miedzy grupami interwencyjnymi, korzystne
mogloby by¢ narzucenie bardziej rygorystycznych zasad spozywania produktéw, aby
lepiej zrozumie¢ przyczyny tych roznic. Jednak decyzja o pozostawieniu wigkszej
elastycznosci zostata podjeta w celu oceny wpltywu zwigkszenia spozycia ryb do
zalecanych ilo$ci na stan odzywienia witaming D w naturalnych warunkach zycia
uczestniczek. Dodatkowo, poniewaz witamina D jest rozpuszczalna w ttuszczach [133]
1 magazynowana w tkance ttuszczowej, niektdrzy autorzy uwazaja, ze codzienne jej
spozycie nie jest konieczne [170]. Co wigcej, elastyczne zasady dotyczace spozywania
produktéw interwencyjnych prawdopodobnie zwiekszyly stopien przestrzeganie zalozen
badania, o czym wspominaly osoby biorgce w nim udziat.

Kolejnym ograniczeniem jest stosunkowo krotki okres interwencji wynoszacy

osiem tygodni. Biorac pod uwage tak zaskakujace wyniki, dtuzsza interwencja moglaby
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umozliwi¢ poglebiong analize wptywu zwigkszenia spozycia ryb bogatych w witaming D
na stezenie 25(OH)D w okresie jesiennym. Jednakze, jak wynika z metaanalizy [169],
nawet 4-tygodniowa interwencja jest wystarczajaca do zaobserwowania rdznic w stanie
odzywienia witaming D. Wydaje si¢ rowniez, ze interwencje trwajace dtuzej powinny
by¢ planowane w inny sposob, jako ze trzy czwarte uczestniczek z grupy spozywajacej
parowki z lososia wyrazato znudzenie smakiem i konsystencja codziennie spozywanego
produktu i wyrazito ulge, ze interwencja trwala tylko osiem tygodni. Ponadto odsetek
0sob, ktoére zrezygnowaty z udziatu w badaniu z powodu niemozno$ci przestrzegania
zasad interwencji w tej grupie byl znacznie wyzszy niz w grupie osoOb spozywajacych
wedzonego lososia i w grupie kontrolne;.

Dodatkowo, poniewaz spozycie tluszczu wydaje si¢ wpltywaé na biodostgpnosé
1 wchtanianie witaminy D [133], korzystna bylaby ocena spozycia przez uczestniczki
thuszczu, w tym poszczegélnych kwasoéw ttuszczowych, w trakcie trwania badania,
zardbwno w positku zawierajagcym produkt interwencyjny, jak i w ciggu catego dnia.
Jednakze doktadna analiza spozycia ttuszczu jest duzym wyzwaniem, poniewaz ttuszcz
jest czesto spozywany nie§wiadomie z powodu jego dodawania podczas
przygotowywania positkow, a wiele uczestniczek deklarowato spozywanie czgséci

positkéw poza domem (positki przygotowane przez inne osoby).

1.8.3. Badanie interwencyjne dotyczace wplywu zwi¢kszenia spozycia lososia
wedzonego na profil lipidowy mlodych kobiet o nadmiernej masie ciala

(badanie 3)

Przeprowadzone badanie wydaje si¢ by¢ pierwszym, ktore ocenia wplyw
zwigkszenia spozycia tososia hodowlanego na profil lipidowy u mlodych kobiet
z nadmierng masg ciata bez stosowania diety odchudzajacej. Mocng strong badania jest
fakt zastosowania metody pair-matching podczas przydzielania uczestniczek do grupy
badanej lub kontrolnej, dzigki czemu uzyskano bardzo zblizone charakterystyki obu grup
w zakresie poczatkowych warto$ci parametrow profilu lipidowego oraz BMI, co
zwigksza prawdopodobienstwo tego, ze zaobserwowane roznice sg spowodowane badang
interwencja, a nie innymi czynnikami. Co wigcej, ilo$¢ lososia zastosowana w interwencji
byta zgodna z zaleceniami dotyczacymi spozycia ryb (a nie znacznie wigksza tak jak ma
to czgsto miejsce w innych tego typu badaniach) i moze by¢ tatwo wlaczona do
zwyczajowej diety danej osoby, dzigki czemu wdrozenie tego typu modyfikacji jest
fatwiejsze. Co wazne, pomimo jedynie niewielkiej modyfikacji diety polegajacej na
wlaczeniu 200 g wedzonego tososia tygodniowo do diety uczestniczek, zaobserwowano

istotne r6znice migdzy badanymi grupami w zmianie st¢zenia cholesterolu frakcji LDL,
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zwlaszcza u uczestniczek ze wskaznikiem WHtR powyzej 0,5, atakze w zmianie
wskaznika Cholindex, ktory jest waznym wskaznikiem aterogennym. Wyniki te
wskazuja, ze zwigkszenie spozycia tlustych ryb, takich jak toso$, moze by¢ jednym
z zalecen dla mtodych kobiet z nadmierng masa ciala, ktére sa narazone na ryzyko
rozwoju chorob sercowo-naczyniowych w przysztosci, w celu zmniejszenia tego ryzyka.

Pomimo licznych zalet, badanie ma réwniez pewne ograniczenia. Do analizy
wlaczono ostatecznie tylko 38 uczestniczek, co ogranicza mozliwo$¢ uogdlnienia
wynikéw na wigksze populacje. Ponadto, poniewaz dla niektorych z analizowanych
parametréw wykazano nieistotne, ale bliskie istotno$ci statystycznej réznice, wigksza
liczebnos¢ proby mogtaby przynie$s¢ wigcej roznic istotnych statystycznie. Poniewaz
jednak badanie zaktadalo wlaczenie jedynie miodych kobiet z nadmierng masg ciata
zamieszkujacych Warszawe lub jej okolice (ze wzglgdu na konieczno$¢ kilkukrotnego
przybycia do miejsca prowadzenia badania), zebranie wigkszej grupy do badania bytoby
bardzo trudne. Ponadto, poniewaz interwencja trwata tylko osiem tygodni, nie mozna
oceni¢ dlugoterminowego wpltywu zwigkszenia spozycia tososia hodowlanego na
analizowane parametry, a takze rzeczywistego obnizenia ryzyka chordb uktadu krazenia.

Dodatkowo, biorac pod uwage zaobserwowany wzrost TAG w grupie
interwencyjnej w porownaniu do obnizenia w grupie kontrolnej wsrdd uczestniczek
z WHIR powyzej 0,5, a takze fakt, Ze na stgzenie TAG moga wplywac inne czynniki stylu
zycia, takie jak spozycie alkoholu, by¢ moze warto bylo by oceni¢ spozycie alkoholu
przez uczestniczki podczas catego badania. Jednakze, podczas gdy niektore badania
pokazuja, ze wyzsze spozycie alkoholu wigze si¢ z wyzszymi stezeniami TAG [171], inne
wskazujg, ze czesto$¢ wystepowania podwyzszonych TAG jest najnizsza u oséb
z umiarkowanym spozyciem alkoholu (10-20 g alkoholu/ dzien), podobnie jak ma to
miejsce w przypadku zalezno$ci w ksztalcie litery J migdzy spozyciem alkoholu
a ryzykiem sercowo-naczyniowym [172]; stad wydaje si¢, ze kwestia, czy 1 w jaki sposob
spozycie alkoholu wplywa na stezenia TAG, pozostaje wcigz nierozstrzygnieta.
Wreszcie, poniewaz aktywnos¢ fizyczna moze wplywaé na metabolizm lipidow [173],
korzystna mogta byla by¢ ocena aktywnos$ci fizycznej uczestniczek przez caty czas
trwania badania. Jednakze, na poczatku badania nie odnotowano réznic w poziomie
aktywnosci fizycznej migdzy grupami. Rownoczesnie uczestniczki zostalty wyraznie
poinstruowane, aby nie podejmowaly wysitkow w celu utraty masy ciata, co mozna

osiggnac poprzez zwigkszenie aktywnosci fizycznej lub zmiany w diecie.
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1.9.

Weryfikacja hipotez badawczych

. Wigkszo$¢ mlodych Polek wie, jakie sktadniki odzywcze zawieraja ryby oraz

jakie sg aktualne zalecenia spozycia ryb.

= hipoteza cze¢sciowo zweryfikowana pozytywnie
Wigkszo$¢ miodych Polek spozywa mniej niz zalecane dwie porcje ryb
tygodniowo.

= hipoteza zweryfikowana pozytywnie
Ple¢ zenska, starszy wiek oraz zamieszkanie w regionie z dostgpem do morza
zwigzane s3 z wyzszym spozyciem ryb, niz w przypadku ptci meskiej, mtodszego
wieku oraz zamieszkania w regionie bez dostgpu do morza.

= hipoteza zweryfikowana negatywnie
Istnieje korelacja miedzy wiedza zywieniowa dotyczaca ryb a wielkoS$cig
spozycia ryb.

= hipoteza zweryfikowana pozytywnie
Zwigkszenie spozycia ryb przez wprowadzenie do diety tososia lub produktéw
z tososia, pozwala na spowolnienie obnizenia st¢zenia 25(OH)D w surowicy krwi
w okresie jesiennym u miodych kobiet niesuplementujacych witaminy D.

= hipoteza cze¢sciowo zweryfikowana pozytywnie
Wplyw zwigkszenia spozycia tososia na stezenie 25(OH)D w surowicy krwi jest
jednakowy w przypadku rdéznych produktow z ltososia, jesli produkty te
dostarczajg takiej samej ilo$ci witaminy D.

= hipoteza zweryfikowana negatywnie
Zwigkszenie spozycia tososia do ilosci odpowiadajacej zalecanemu spozyciu ryb
przyczynia si¢ do obnizenia st¢zenia triglicerydow oraz podwyzszenia stgzenia
cholesterolu frakcji HDL w surowicy krwi mtodych kobiet o nadmiernej masie
ciata.

= hipoteza zweryfikowana negatywnie

. Zwigkszenie spozycia tososia do ilosci odpowiadajacej zalecanemu spozyciu ryb

ma szczegolnie pozytywny wplyw na zdrowie mtodych kobiet z nadmierng masa
ciata o WHtR > 0,5.

= hipoteza zweryfikowana negatywnie
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1.10. Stwierdzenia i wnioski

Na podstawie uzyskanych wynikow sformutowano nastepujace stwierdzenia i wnioski:

1.

Ponad 70% mtodych Polek ma wiedz¢ o tym, ze ryby sa w diecie cztowieka
zrodtem bialka 1 prozdrowotnych kwasoéw tluszczowych oraz ze spozycie ryb jest
zalecane dzieciom 1 miodziezy. Jednakze, jedynie co druga mtoda Polka wie, ze
ryby sa dobrym zrédtem witaminy D, a tylko 30% wie, Ze ryby nie sg zrodlem
btonnika ani witaminy C, jak réwniez tylko 30% wie, ze zaleca si¢ spozywac ryby
w ilo$ci przynajmniej dwoch porcji tygodniowo.
= Chociaz mtode kobiety majg pewng ogolng wiedze¢ na temat ryb, wigkszos¢
znich nie zna doktadnych zalecen dotyczacych ich spozycia ani nie wie,
jakich konkretnie sktadnikow odzywczych ryby dostarczaja.
Mediana spozycia ryb przez mtode Polki wynosi 32 g tygodniowo, przy czym
jedynie co dziesigta mtoda Polka spozywa co najmniej 150 g ryb tygodniowo,
a co dwudziesta mtoda Polka — co najmniej 300 g ryb tygodniowo. Mtodzi
mezezyzni spozywaja wiecej ryb niz mtode kobiety, osoby uczeszczajace do
licebw ogolnoksztatcacych spozywaja wiecej ryb niz osoby uczeszczajace do
szkot branzowych lub technikdéw, a osoby znajace dokladne zalecenia spozycia
ryb charakteryzuja si¢ wyzszym spozyciem ryb niz osoby ich nieznajace.
= Ze wzgledu na zaobserwowang zalezno$¢ miedzy wiedzg Zywieniowa
dotyczaca ryb a wielkos$cig ich spozycia, a takze fakt, ze przynajmniej 90%
mtodych Polek powinno zwigkszy¢ spozycie ryb aby osiggna¢ zalecane ilosci,
niezbednym wydaje si¢ podjecie dziatan edukowania mtodych kobiet
w zakresie dokladnych zalecen spozycia ryb, a takze korzySci wynikajacych

z regularnego spozywania ryb.

. Zwiekszenie spozycia tososia (w formie rdéznych produktow) do ilosci

dostarczajacej ok. 5 pg witaminy D dziennie pozwala na spowolnienie obnizenia
stezenia 25(OH)D w surowicy krwi, jesli zrodlem witaminy D sg parowki
z tososia, ale nie toso$ wedzony. Zaobserwowana rdznica wptywu w zaleznosci
od wykorzystanego produktu interwencyjnego moze wynika¢ z wigkszej
zawarto$ci thuszczu w pardwkach z tososia, z homogenizacji w czasie procesu
produkcji parowek ztososia, z czgstszego 1 bardziej regularnego spozywania

paréwek z lososia w poréwnaniu do tososia wedzonego, a takze z czynnikoéw
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indywidualnych 1 innych zwigzanych z wchlanianiem 1 metabolizmem
witaminy D.
= Ze wzgledu na zaobserwowane réznice w efektywnosci interwencji mi¢dzy
grupami spozywajacymi rozne produkty z tososia, pomimo podobnej ilosci
witaminy D w porcji produktu interwencyjnego, niezbedne sg dalsze badania
nad biodostgpnoscia witaminy D z roznych produktow spozywczych
poddanych ré6znym procesom przetwdrczym.
. Zwigkszenie spozycia hodowlanego tososia wedzonego do ilosci odpowiadajace;j
zalecanemu spozyciu ryb (200 g/ tydzien) moze przyczyni¢ si¢ do obnizenia
stezenia cholesterolu frakcji LDL oraz obnizenia wspolczynnika Cholindex
u mtodych kobiet o nadmiernej masie ciata juz po o$miu tygodniach interwencji.
Malejace wartosci p dla poszczegdlnych okresow trwania interwencji dla
wigkszosci pozostatych skltadowych profilu lipidowego wskazuja, ze
8-tygodniowy czas interwencji byt prawdopodobnie zbyt krotki, by ujawnié
roznice istotne statystycznie w przypadku reszty sktadowych profilu lipidowego.
= Ze wzgledu na nieobserwowane dotagd w pracach innych autorow obnizenie
stezenia cholesterolu frakcji LDL u uczestniczek z grupy interwencyjnej,
atakze wskazywane w literaturze duze zmiany w paszy stosowanej do
karmienia tososia hodowlanego, konieczne s3 dalsze badania analizujace
wplyw spozywania tososia hodowlanego dostgpnego na rynku aktualnie na
zdrowie, przy czym powinny by¢ one planowane na czas dtuzszy niz osiem
tygodni interwencji.
Mimo potencjalnie korzystnego wpltywu zwigkszenia spozycia ryb na stan
zdrowia w populacji miodych kobiet, najwazniejszy problem stanowi ich
niedostateczna wiedza mtodych kobiet na ten temat, w szczegdlnos$ci dotyczaca
rekomendowanej wielkosci spozycia ryb, co wigze si¢ z powszechnym zbyt
niskim spozyciem ryb w tej grupie populacyjnej.
. Zrealizowane interwencje, polegajace na zwigkszeniu spozycia ryb do poziomu
rekomendowanego 1 trwajace przez osiem tygodni, ukazaty, ze do uzyskania
wiekszych korzysci zdrowotnych konieczne moze by¢ wilaczenie do diety ryb
w ilosci wigksze; niz 200 g/ tydzien, a takze wydluzenie czasu trwania
interwencji, co wymaga dalszych badan.
. Niezbedne sg zarowno dzialania edukacyjne w zakresie doktadnych zalecen

spozycia ryb oraz korzysci wynikajacych ze spozywania ryb, jak i prowadzenie
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dalszych badan w zakresie wptywu zwigkszenia spozycia tososia hodowlanego
1 innych gatunkéw ryb na zdrowie, ze wzgledu na niewiele danych dotyczacych
biodostepnosci witaminy D z ryb, a takze prawdopodobng zmiane wplywu
zwigkszenia spozycia tososia hodowlanego na profil lipidowy ze wzgledu na duze

zmiany w paszy tososi hodowlanych w ostatnich latach.
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Abstract: Inadequate fish consumption is common and may result from multiple reasons, especially
in adolescents who are a population at particular risk of the negative consequences of not consuming
the recommended amounts of fish. The aim of the study was to analyze the knowledge about fish-
consumption benefits and safety in a population-based sample of Polish adolescents. The stratified
random sampling was conducted within two stages: sampling of counties from all voivodeships
in Poland (being the basic administrative units of Poland) and inviting secondary schools from the
drawn counties to obtain a sample representative of all regions of Poland. The Computer-Assisted
Web Interview (CAWI) method was applied to gather the data within the study, and a questionnaire
concerning knowledge about fish-consumption benefits and safety with 20 true—false statements was
applied. Among 1289 participants, the statement with the highest share of correct answers concerned
fish being a source of protein (78.9%) and fish-derived fats being health promoting (77.0%). The
statement receiving the least correct answers concerned the type of fatty acids found in fish (7.6%)
and the risk of polychlorinated biphenyls (PCBs) in fish (20.5%). Participants who were female, older
than 18, underweight, living in an urban environment, from a region far away from the sea and from
comprehensive schools provided a higher share of correct answers than other subgroups (p < 0.05).
Knowledge concerning fish-consumption benefits and safety among Polish adolescents is in many
cases inadequate; thus, nutritional education is needed, especially among younger adolescents, those
attending vocational schools, males and those living in a rural environment.

Keywords: fish; fish consumption; nutrition; nutritional knowledge; benefits; risks; safety; food
safety; adolescents; teenagers; children; youth

1. Introduction

Fish is an important food group in the human diet, being one of the best sources of
long-chain omega-3 polyunsaturated fatty acids (LC-PUFAs), such as the eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) which are rarely provided from other food
products [1]. The EPA and DHA fatty acids are considered essential in the human diet as
they cannot be produced by the human body to meet the physiological requirements [2].
What is more, fish play an important role in providing nutrients essential for the endocrine
system such as iodine, selenium and vitamin D [3]. Meta-analyses show that a higher fish
intake decreases the risk of myocardial infarction [4], stroke [5], metabolic syndrome [6],
dementia [7], and depression [8], as well as that it reduces all-cause mortality [9]. More-
over, a recent study indicated pescatarians to have the lowest DNA damage compared to
omnivores and vegetarians, suggesting that it might be some compounds found in fish
that protect DNA molecules from damage [10]. Taking this into account, predictive model
analyses suggest that the implementation of food strategies based on fish could play a vital
role in providing global food and nutrition security [11].

Due to their beneficial nutritional value, fish are indicated in many national and
international dietary recommendations. During the 2nd International Conference on
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Nutrition organized by the Food and Agriculture Organization of the United Nations (FAO)
in 2014, fish was recognized as having a special role in nutrition and health [12]. The
World Health Organization (WHO) [13], as well as the European Society of Cardiology
(ESC) recommend to consume fish at least one to two times per week [14], while the
American Health Association (AHA) recommends consuming fish at least two times per
week [15]. In Europe, fish intake recommendations range from 100 to 482 g weekly and
usually correspond to one to two portions of fish in a week [16], similar to the Polish
recommendation of at least two portions of fish weekly [17]. Some countries, such as Spain,
recommend consuming even more fish—at least two to four portions per week [18]. Also,
the Mediterranean diet, which is confirmed to be protective against the major chronic
degenerative diseases [19], consists of at least two portions of fish or seafood per week [20].
Therefore, food-based dietary guidelines emphasize the role of fish as an important element
of a healthy diet, not to be replaced with other protein sources [21].

Despite the described recommendations and numerous health benefits of consuming
fish, a decreasing trend in its consumption has been observed in the European Union
(EU) since 2018 [22]. The average apparent consumption in all 27 EU countries in 2020
amounted to 23.28 kg per capita yearly, which corresponds to 448 g per capita weekly.
However, fish intake varies greatly from country to country, while in Portugal in 2020 it was
57.67 kg/capita/year corresponding to 1.11 kg/week, in Poland it was more than four
times less, at 13.33 kg/ capita/year, which corresponds to 256 g/week [22]. The fact that
fish intake varies greatly depending on the country is associated with a very diverse
consumption of omega-3 fatty acids of seafood origin, including fish, among countries.
Studies show that only 18.9% of the global population achieves the recommended intake of
omega-3 from fish of at least 250 mg per day [23].

Not only does fish consumption differ between countries, but also individual differ-
ences are observed. The 2005-2010 National Health and Nutrition Examination Surveys
(NHANES) revealed that the lowest fish consumption was observed among younger indi-
viduals, as well as individuals of lower income and education level [24]. It corresponds
with the results of Polish studies indicating that in a group of adolescents 14.1% of them
declared consuming fish less than once per week, and 26.2% of them declared that they
did not consume fish at all [25]. In a group of female adolescents, 49.1% of them reported
consuming fish not more than once per month [26]. Moreover, adolescents are indicated
within especially vulnerable populations at particular risk of the negative consequences
of inadequate fish consumption [27]. Just like for other food choices, the reasons for not
adhering to the nutritional recommendations concerning fish consumption are numerous:
its high price, lack of knowledge on preparation techniques, no national cultural traditions
of consuming fish [28], as well as not favoring them as a food product [29]. The lack of pref-
erence for fish is indicated to result from fish bones and fish smell, but also from not being
accustomed to consuming fish due to other food habits developed during childhood [30].
What should be noted is that consuming fish is sometimes perceived by some consumers
as unsafe and posing a risk to the human health [31,32]. At the same time, some studies
indicate that this belief is more prominent among young respondents compared with older
age groups [31], which may limit the fish consumption in this population group.

In order to increase fish intake national educational campaigns concerning the ben-
efits of fish intake were introduced in Poland in the years 2008-2009 by the Ministry of
Agriculture and Rural Development, and were entitled ‘Fish affects everything’. According
to the governmental data, an increase in fish intake was observed afterwards; the annual
mean of fish intake in the year 2007 was 12.91 kg/capita/year, while in the year 2008 it was
13.67 kg/ capita/year, and in 2009 it was 13.94 kg/capita/year [33]. However, not much is
known about what Poles, including adolescents, know about specific fish-intake benefits.
What is known is that, according to a European repeated consumer survey compared to
2004, in 2008 adult Poles showed a more-positive attitude towards fish, as well as increased
knowledge regarding fish [34]. It was suggested that this could have resulted from national
policy efforts, confirming that educational campaigns can also influence people’s attitude
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towards fish. Importantly, the belief that consuming fish is healthy seems to be correlated
with the frequency of eating fish [35].

Taking into account the serious problem of inadequate fish consumption, in their
recommendations the joint FAO and WHO consultation indicated that it is necessary to em-
phasize the benefits of fish consumption, as well as to develop and evaluate communication
strategies that both minimize risks and maximize benefits resulting from fish consump-
tion [13]. Based on the described current state of knowledge and the lack of comprehensive
studies assessing the problem in the Polish population, the aim of the study was to analyze
the knowledge about fish-consumption benefits and safety in a population-based sample
of Polish adolescents.

2. Materials and Methods
2.1. Ethical Statement

The study was carried out at the Department of Dietetics, Warsaw University of
Life Sciences (WULS-SGGW). The study was conducted according to the guidelines laid
down in the Declaration of Helsinki, while participants and their parents/legal guardians
provided their informed consent for participation in the study. All procedures involving
human subjects received the approval of the Ethics Committee of the Central Clinical
Hospital of the Ministry of Interior and Administration in Warsaw (2/2021; approval date:
20 January 2021), and the study was conducted from May to July 2021.

2.2. Studied Group

The study was conducted using a population-based sample of Polish secondary school
students, which was gathered within a stratified sampling of secondary school students
from counties based on the online National Register of schools and educational estab-
lishments of the Polish Ministry of Education and Science [36]. The following types of
secondary schools were taken into account: comprehensive high schools, specialized high
schools, vocational schools, technical schools and visual arts high schools. The net enroll-
ment rate for those five types of secondary schools is 90.83% [37], so the sampling within
schools was stated to allow the opportunity to gather a national population-based sample.

In order to obtain a national sample of adolescents in this age group which would be
as representative as possible, stratified random sampling was conducted within two stages:
(1) random sampling of counties from all voivodeships in Poland (being basic administra-
tive units of Poland), and (2) inviting secondary schools from all counties sampled within
the previous stage. Within the applied recruitment procedure (1) from each voivodeship
(16 voivodeships in Poland), 30% of counties were sampled (115 counties sampled in total),
and (2) from each county, all secondary schools were sampled (1357 secondary schools
sampled in total).

Headteachers from each selected school received an email invitation for the school
to take part in the study, as well as information about the aim and the scope of the study.
Finally, 32 secondary schools participated, as headteachers expressed their willingness for
the school to participate and gathered informed consent of students and their parents/legal
guardians. Participation in the study was voluntary. Students willing to take part were
sent an electronic link to the questionnaire prepared in Google Forms, while using the
Computer-Assisted Web Interview (CAWI) method to gather the data within the study.
They were also sent guidelines on how to carry it out, e.g., that the parents/legal guardians,
as well as teachers should not help the students fill in the questionnaire, or that it is possible
to fill it in on a mobile phone, but it is more comfortable to do it with the use of a computer.
The dedicated questionnaire was anonymous and did not collect any data that would
allow the identification of the respondents; however, it allowed for the verification of the
inclusion/exclusion criteria.

The inclusion criteria were as follows:

- Adolescents aged 14-22 years;
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- Attending one of the five given types of secondary school in Poland: comprehensive
high school, specialized high school, vocational, technical or visual arts high school;

- Attending a secondary school sampled within the study;

- Informed consent to participate (verified by the headteacher);

- Informed consent of parent/legal guardian for participation (verified by the headteacher).

The exclusion criteria were as follows:
- Any missing data within the questionnaire once completed;
- Any unreliable answers within the questionnaire once completed.

The respondents comprised pupils from all seven Polish macroregions (NUTS 1 units
in the statistical division of Poland from the year 2021 [38]). The total sample of sec-
ondary school students gathered within the study was 1289, and the sampling procedure is
presented in Figure 1.

Adolescents aged 14-22 in Poland
n=3,275,538*

A 4

Secondary school in Poland
n = 8398**

Net enrollment rate = 90.83%*

Adolescents aged 14-22 in secondary schools
n=2,975171 ***

16.16% of Polish secondary schools

Secondary schools invited to participate in the study
n=1357

Adolescents in schools invited to participate in the
study
n = 347,812%***

School response rate — 2.36%

A4

Secondary school participating in the study
n=232

Adolescents in schools participating in the study
n=10,949****

Adolescents’ response rate — 12.22%

A 4

Study participants
n=1338

Participants excluded from the study

- Not meeting the inclusion criteria

A 4

concerning age (1 =5)

A

- Unreliable answers (n = 44)

Participants meeting the inclusion criteria
n =1289 (849 girls and 440 boys)

Figure 1. Detailed sampling procedure and recruitment of the studied group. * based on Statistics
Poland data for the year 2021 [39]; ** based on the National Register of schools and educational
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establishments of the Polish Ministry of Education and Science for the year 2021 [36]; *** calculated
based on Statistics Poland data for the year 2021 [39]; and **** calculated based on the National
Register of schools and educational establishments for the year 2021 of the Ministry of Education and
Science [36].

2.3. Applied Questionnaire and Data Collection

The questionnaire concerned knowledge about fish and included 20 statements—both
correct and incorrect ones to be assessed as true/false. The questionnaire comprised
statements from a study by Burger and Gochfeld [40], examining knowledge on fish-
consumption benefits and safety risks, as well as additional statements included after
transcultural adaptation of the questionnaire. Due to the fact that the questionnaire by
Burger and Gochfeld [40] was previously not applied to the Polish population and was
previously not translated into Polish, the Polish version was to be developed. The questions
were translated from English, according to the recommendations of the WHO [41], while
transcultural adaptation was applied, if necessary. The process was applied in three
stages: (1) forward translation into Polish (by a native Polish-speaking and English-fluent
researcher familiar with the discipline and aim of the study); (2) backward translation into
English (by other native Polish-speaking and English-fluent researcher, but who was not
familiar with the aim of the study); and (3) expert-panel polishing of the questionnaire to
keep the equivalence of the original questionnaire in the conceptual, semantic, idiomatic
and cultural area (by a panel of native-Polish-speaking and English-fluent researchers
familiar with the discipline and aim of the study).

The final questionnaire, in its Polish version developed within the study, includes
12 true statements and 8 false statements, as presented in Table 1. It covers the following
issues: the content of nutrients in fish (statements 1-5, 9, 11, 19), their influence on human
health (statements 6-8, 10), the health risks associated with consuming fish (statements
12, 13, 16, 18, 20), and the nutritional recommendations concerning fish (statements 14,
15, 17). They were intentionally placed in a disorganized order, with not all statements
from one field in a row, to reduce the question order bias. Similarly, intentionally, the
statements were formulated in a way to include a similar amount of correct and false
statements to reduce the confirmation bias. Taking this into account, nine true statements
from the questionnaire by Burger and Gochfeld [40] (statements 1, 5, 6, 8, 12, 13, 16, 18, 20)
were taken without any changes, two true statements from the questionnaire by Burger
and Gochfeld [40] were reversed and adopted to be used as false statements (statement 4,
7), and one was specified (statement 3). One complex statement with several parts was
divided into two separate ones—a true statement (10) and a false statement (statement 11).
Additional statements were developed in order to access knowledge on issues other than
those in the questionnaire by Burger and Gochfeld [40]—one of them was formulated as
true (statement 15), and the other five were formulated as false (statements 2, 9, 14, 17, 19).

Participants were asked whether in their opinion the given statements are true or false.
They had the possibility to choose the ‘I don’t know’ answer as well.

Furthermore, questions concerning gender (close-ended question), exact age (open-
ended question), height (open-ended question), weight (open-ended question), secondary
school (open-ended question), place of residence (open-ended question) and fish consump-
tion were included in the questionnaire.

Prior to the main research, a pilot study among 28 students from two secondary
schools was conducted in order to ensure that all questions are comprehensible and that
there are no technical problems. These students were from schools which were not sampled
for the main research. The pilot study confirmed that the developed questionnaire is
understandable and no other problems existed, so the questionnaire was not changed after
the pilot study.
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Table 1. Statements concerning knowledge about fish used in the present questionnaire and the

correct answers.

No. Statement Correct Answer
1 Fish are a good source of protein. True
2 Fish contain a lot of fiber. False
3 Fish are a good source of vitamin D. True
4 Fish contain a lot of unhealthy fats. False
5 Fish have good fat. True
6 Eating fish is good for the heart. True
7 Eating fish is not good for the brain. False
8 Eating fish is good for you. True
9 Fish contain a lot of healthy ‘trans’ fats. False
10 Eating fish lowers cholesterol. True
11 Fish are a good source of vitamin C. False
12 Eating fish may cause allergies. True
13 Fish may contain bacteria or parasites. True
14 Children and adolescents should not eat fish. False
15 Eating fish is recommended for pregnant women. True
16 Fish may contain contaminants. True
17 Fish should be eaten once a week at the most. False
18 Fish may contain polychlorinated biphenyls (PCBs). True
19 Cod is a fatty fish. False

20 Fish may contain mercury. True

2.4. Statistical Analysis

For data analysis, the collected answers were grouped into ‘correct’ and ‘incorrect’

which comprised the ‘incorrect” as well as the ‘I don’t know” answer.

The normality of the distribution of the obtained data was verified using the Shapiro—

Wilk test, and the groups were compared using the chi2 test (comparison of the share of
respondents in sub-groups). The accepted level of significance was p < 0.05. The statistical
analysis was conducted using Statgraphics Plus for Windows 5.1 (Statgraphics Technologies
Inc., The Plains, VA, USA).

For sub-groups analysis, all participants were divided into the following sub-groups

depending on the following;:

Gender: Female and male.

Age: Minors (less than 18 years of age) and adults (18 years of age or more).

Body mass: Underweight, proper body mass and excessive body mass; it was defined
based on the Body Mass Index (BMI), while for adults the standard cut-offs by the
WHO were applied (18.5-25 kg/m? as proper body mass) [42]. For minors, the
Polish growth-reference cut-offs were applied [43] (5th-85th percentile as proper body
mass) [44].

Place of residence: Rural environment (village as a place of residence) and urban
environment (city as place of residence).

Location of the region of residence in relation to the Baltic Sea (being the only sea in
Poland, as fish availability is commonly related to the seaside proximity [45]): regions
situated by the sea (north and north-west macroregions of Poland) and away from the
sea (central, Masovian, south-west, south and east macroregions of Poland)—it was
defined based on the macroregion categories assumed by the Central Statistical Office
in Poland [46].

Type of school: Comprehensive school (comprehensive high schools and specialized
high schools) and vocational school (vocational schools, technical schools and visual
arts high schools).
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3. Results

The characteristics of the studied group are presented in Table 2. Proper body mass
was observed in 69.7% of all participants of the study, in 70.0% of the females and 69.3% of
the males. Being underweight was seen in 7.0% of all participants, in 8.8% of the females
and in 3.4% of the males, while excessive body mass was present in 23.3% of all participants,
in 21.2% of the females and 27.3% of the males (assessed based on BMI with standard
cut-offs by the WHO for adults [42] and Polish growth-reference cut-offs for minors [43]).

Table 2. Characteristics of the studied group.

All Females Males

Variable

Mean + SD

Median
(Min-Max)

Median
(Min-Max)

Median

(Min-Max) Mean + SD

Mean £+ SD

16.7£12
170.3 8.9
63.7 £13.8

Age, years
Height, cm
Weight, kg

16.8 £1.2
166.0 + 6.2
59.1 £ 109

17 (14-22)
166.0 (150.0-185.0)
57.0 (35.0-115.0)

16.5£1.3
1787 +£7.3
72.6 £14.5

16 (14-21)
179.0 (150.0-200.0)
70.0 (40.0-120.0)

17 (14-22)
170.0 (150.0-200.0)
60.0 (35.0-120.0)

The number of correct and incorrect answers provided by the population-based sample
of Polish secondary school students within the studied issues of fish-consumption benefits
and safety concerns is presented in Table 3. The statement with the highest share of
correct answers was the one concerning fish being a source of protein (78.9%), followed by
fish-derived fats being health promoting (77.0%), and the recommendation for fish to be
consumed by children and adolescents (74.9%). The statement obtaining the least correct
answers was the reverse and ‘dummy’ statement concerning the type of fatty acids found
in fish (7.6%), followed by the statement about the risk of polychlorinated biphenyls (PCBs)
in fish (20.5%), and another reverse and ‘dummy’ statement regarding the fact that some
fish have more fat than others (22.3%).

Table 3. The number of correct and incorrect answers provided by the population-based sample
of Polish secondary school students within the studied issues of fish-consumption benefits and
safety concerns.

Studied Knowledge

Answers Provided by
Studied Adolescents

Studied Statement (n = 1289)

Correct Incorrect

Source of protein (statement 1)

1017 (78.9%)

272 (21.1%)

Not a source of fiber (statement 2) 386 (29.9%) 903 (70.1%)

Content of nutrients Some fish have more fat than others (statement 19) 287 (22.3%) 1002 (77.7%)
in fish Not a source of ‘trans’ fatty acids (statement 9) 98 (7.6%) 1191 (92.4%)
Source of vitamin D (statement 3) 714 (55.4%) 575 (44.6%)

Not a source of vitamin C (statement 11) 383 (29.7%) 906 (70.3%)

Good for health (statement 8) 917 (71.1%) 372 (28.9%)

General health Good for the heart (statement 6) 829 (64.3%) 460 (35.7%)
influence of fish Good for the brain (statement 7) 845 (65.6%) 444 (34.4%)
consumption Recommended to be consumed by children/adolescents (statement 14) 966 (74.9%) 323 (25.1%)
Recommended to be consumed by pregnant women (statement 15) 463 (35.9%) 826 (64.1%)

Recommended to be consumed at least twice a week (statement 17) 430 (33.4%) 859 (66.6%)

. Health-promoting fatty acids (statement 5) 992 (77.0%) 297 (23.0%)

He.zalth 1nﬂuence of Fish-derived fatty acids good for health (statement 4) 856 (66.4%) 433 (33.6%)
fish-derived fats Fish-derived fatty acids lower blood cholesterol (statement 10) 532 (41.3%) 757 (58.7%)
Risk of allergies (statement 12) 336 (26.1%) 953 (73.9%)

Risk of bacteria and parasites in fish (statement 13) 632 (49.0%) 657 (51.0%)

Safety concerns Risk of contaminants in fish (statement 16) 776 (60.2%) 513 (39.8%)
Risk of polychlorinated biphenyls (PCBs) in fish (statement 18) 264 (20.5%) 1025 (79.5%)

Risk of mercury in fish (statement 20) 412 (32.0%) 877 (68.0%)
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The number of correct and incorrect answers provided by the population-based sample
of Polish secondary school students within the studied issues of fish-consumption benefits
and safety concerns in sub-groups stratified by gender is presented in Table 4. Compared
to males, female adolescents provided a higher share of correct answers to the statements
about fish being a source of protein (81.3% vs. 74.3%; p = 0.0047), fish being good for health
(73.9% vs. 65.9%; p = 0.0035), for the heart (66.3% vs. 60.5%; p = 0.0433), as well as about the
recommendations for adolescents (79.3% vs. 66.6%; p < 0.0001) and for pregnant women to
consume fish (39.5% vs. 29.1%; p = 0.0003). Male participants provided a higher share of
correct answers to the statement concerning the risk of polychlorinated biphenyls (PCBs)
in fish (24.8% vs. 18.3%; p = 0.0075).

Table 4. The number of correct and incorrect answers provided by the population-based sample of
Polish secondary school students within the studied issues of fish-consumption benefits and safety
concerns in sub-groups stratified by gender.

Answers Provided by Studied Adolescents (n = 1289)

Studied died p
Knowledge Studied Statement Female (n = 849) Male (1 = 440)
Correct Incorrect Correct Incorrect
Source of protein (statement 1) 690 (81.3%) 159 (18.7%) 327 (74.3%) 113 (25.7%) 0.0047
Not a source of fiber (statement 2) 256 (30.2%) 593 (69.8%) 130 (29.5%) 310 (70.5%) 0.8715
Some fish have more fat than others o o o o
Content of (statement 19) 196 (23.1%) 653 (76.9%) 91 (20.7%) 349 (79.3%) 0.3611
nutrients in fish . ’ i
Not a source of ‘trans’ fatty acids 69 (8.1%) 780 (91.9%) 29 (6.6%) 411 (934%)  0.3811
(statement 9)
Source of vitamin D (statement 3) 471 (55.5%) 378 (44.5%) 243 (55.2%) 197 (44.8%) 0.9789
Not a source of vitamin C (statement 11) 265 (31.2%) 584 (68.8%) 118 (26.8%) 322 (73.2%) 0.1157
Good for health (statement 8) 627 (73.9%) 222 (26.1%) 290 (65.9%) 150 (34.1%) 0.0035
Good for the heart (statement 6) 563 (66.3%) 286 (33.7%) 266 (60.5%) 174 (39.5%) 0.0433
G | health Good for the brain (statement 7) 562 (66.2%) 287 (33.8%) 283 (64.3%) 157 (35.7%) 0.5414
‘seneral heall Recommended to be consumed by o o o o
influence 05 fish children /adolescents (statement 1) 673 (79.3%) 176 (20.7%) 293 (66.6%) 147 (33.4%)  <0.0001
consumption
Recommended to be consumed by 335 39 50y 514 (60.5%) 128 (29.1%) 312 (70.9%)  0.0003
pregnant women (statement 15)
Recommended to be consumed at least o o o o
twice a week (statement 17) 273 (32.2%) 576 (67.8%) 157 (35.7%) 283 (64.3%) 0.2259
Health-promoting fatty acids o o o o
Health (statement 5) 667 (78.6%) 182 (21.4%) 325(73.9%) 115 (26.1%) 0.0672
influence of Fish-derived fatty acids good for health o o o o
fish- (statement 4) 571 (67.3%) 278 (32.7%) 285 (64.8%) 155 (35.2%) 0.4050
derived fats Fish-derived fatty acids lower blood o o o Y
cholesterol (statement 10) 351 (41.3%) 498 (58.7%) 181 (41.1%) 259 (58.9%) 0.9907
Risk of allergies (statement 12) 230 (27.1%) 619 (72.9%) 106 (24.1%) 334 (75.9%) 0.2729
Risk of bacteria and parasites in fish o o o o
(statement 13) 427 (50.3%) 422 (49.7%) 205 (46.6%) 235 (53.4%) 0.2292
Safety concerns Risk of contaminants in fish 513 (60.4%) 336 (39.6%) 263 (59.8%) 177 (402%)  0.8678
(statement 16)
Risk of polychlorinated biphenyls (PCBs) o o o o
in fish (statement 18) 155 (18.3%) 694 (81.7%) 109 (24.8%) 331 (75.2%) 0.0075
Risk of mercury in fish (statement 20) 286 (33.7%) 563 (66.3%) 126 (28.6%) 314 (71.4%) 0.0750

The number of correct and incorrect answers provided by the population-based sam-
ple of Polish secondary school students within the studied issues of fish-consumption
benefits and safety concerns in sub-groups stratified by age is presented in Table 5. Adult
participants provided a higher share of correct answers compared to minor participants
concerning the statements about fish being a source of protein (84.5% vs. 77.2%; p = 0.0088),
some fish having more fat than others (26.6% vs. 21.0%; p = 0.0492), fish consumption being
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good for health (78.8% vs. 68.9%; p = 0.0012), for the heart (70.7% vs. 62.4%; p = 0.0107),
and for the brain (70.7% vs. 64.0%; p = 0.0394), as well as the recommendation to consume
fish at least twice a week (40.1% vs. 31.4%; p = 0.0064).

Table 5. The number of correct and incorrect answers provided by the population-based sample of
Polish secondary school students within the studied issues of fish-consumption benefits and safety
concerns in sub-groups stratified by age.

Answers Provided by Studied Adolescents (n = 1289)

Studied Studied S - p
Knowledge tudied Statement Minors (1 = 992) Adults (n = 297)
Correct Incorrect Correct Incorrect
Source of protein (statement 1) 766 (77.2%) 226 (22.8%) 251 (84.5%) 46 (15.5%) 0.0088

Not a source of fiber (statement 2) 289 (29.1%) 703 (70.9%) 97 (32.7%) 200 (67.3%) 0.2749

Content of Some fish have more fat than others 5 o1 hoy 784 (79.09%) 79 (26.6%) 218 (734%) 00492

. . 1
nutrients in fish (staten}ent ,9) .
Not a source of ‘trans’ fatty acids

70 (7.1%)  922(92.9%) 28 (9.4%) 269 (90.6%)  0.2195
(statement 9)
Source of vitamin D (statement 3) 537 (54.1%) 455 (45.9%) 177 (59.6%) 120 (40.4%) 0.1107
Not a source of vitamin C (statement 11) 283 (28.5%) 709 (71.5%) 100 (33.7%) 197 (66.3%) 0.1034
Good for health (statement 8) 683 (68.9%) 309 (31.1%) 234 (78.8%) 63 (21.2%)  0.0012
Good for the heart (statement 6) 619 (62.4%) 373 (37.6%) 210 (70.7%) 87 (29.3%) 0.0107
G | health Good for the brain (statement 7) 635 (64.0%) 357 (36.0%) 210 (70.7%) 87 (29.3%) 0.0394
‘seneral heal Recommended to be consumed by o o o o
influence Otf' fish  hildren/adolescents (statement 14) 733 73:9%) 259 (26.1%) 233 (785%)  64(215%) 01299
consumption
Recommended to be consumed by 345 34 g0y 647 (65.2%) 118 (39.7%) 179 (603%)  0.1358
pregnant women (statement 15)
Recommended to be consumed at least o o o Y
twice a week (statement 17) 311 (31.4%) 681 (68.6%) 119 (40.1%) 178 (59.9%) 0.0064
Health-promoting fatty acids o o o o
Health (statement 5) 753 (75.9%) 239 (24.1%) 239 (80.5%) 58 (19.5%) 0.1187
influence of Fish-derived fatty acids good for health o o o o
s (statement 1 647 (65.2%) 345 (34.8%) 209 (70.4%) 88 (29.6%)  0.1146
derived fats Fish-derived fatty acids lower blood o o o o
cholesterol (statement 10) 396 (39.9%) 596 (60.1%) 136 (45.8%) 161 (54.2%) 0.0826
Risk of allergies (statement 12) 270 (27.2%) 722 (72.8%) 66 (22.2%) 231 (77.8%) 0.1000

Risk of bacteria and parasites in fish
(statement 13)
Safety concerns Risk of contaminants in fish
(statement 16)
Risk of polychlorinated biphenyls (PCBs) o o o o
in fish (statement 18) 195 (19.7%) 797 (80.3%) 69 (23.2%) 228 (76.8%) 0.2086

Risk of mercury in fish (statement 20) 316 (31.9%) 676 (68.1%) 96 (32.3%) 201 (67.7%) 0.9355

491 (49.5%) 501 (50.5%) 141 (47.5%) 156 (52.5%)  0.5857

587 (59.2%) 405 (40.8%) 189 (63.6%) 108 (36.4%)  0.1899

Table 6 presents the number of correct and incorrect answers provided by the population-
based sample of Polish secondary school students within the studied issues of fish-consumption
benefits and safety concerns in sub-groups stratified by the body mass of the studied adoles-
cents. Compared to the other two sub-groups, underweight participants provided a higher
share of correct answers to the statements about some fish having more fat than others
(27.8% vs. 23.4%—proper body mass and 17.3%—excessive body mass; p = 0.0404) and fish
not being a source of vitamin C (35.6% vs. 31.8%—proper body mass and 21.7%—excessive
body mass; p = 0.0018).
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Table 6. The number of correct and incorrect answers provided by the population-based sample of
Polish secondary school students within the studied issues of fish-consumption benefits and safety
concerns in sub-groups stratified by the body mass of the studied adolescents.

Answers Provided by Studied Adolescents (1 = 1289)

Studied . Underweight Proper Body Mass Excessive Body Mass
Knowledge Studied Statement (n=90) (n = 899) (n =300) P
Correct Incorrect Correct Incorrect Correct Incorrect
Source of protein o o o o o o
(statement 1) 77 (85.6%) 13 (14.4%) 695 (77.3%) 204 (22.7%) 245 (81.7%) 55 (18.3%) 0.0765
Not a source of fiber o o o o o o
(statement 2) 30 (333%) 60 (66.7%) 278 (30.9%) 621 (69.1%) 78(26.0%) 222 (74.0%)  0.2093
Content of Some fish have more fat o o o o o o
ontent o than ofhers (statement 19) 25 (278%)  65(722%)  210(234%) 689 (76.6%)  52(17.3%) 248 (827%) 00404
in fish Not a source of ‘trans’ fatty o o o o o o
acids (statement 9) 8(8.9%) 82 (91.1%) 75 (8.3%) 824 (91.7%) 15 (5.0%) 285 (95.0%) 0.1492
Source of vitamin D o o o o o o
(statement 3) 51 (56.7%) 39 (43.3%) 492 (54.7%) 407 (45.3%) 171 (57.0%) 129 (43.0%) 0.7658
Not a source of vitamin C o o o o o o
(statement 11) 32 (35.6%) 58 (64.4%) 286 (31.8%) 613 (68.2%)  65(21.7%)  235(78.3%) 0.0018
Good for he"g)th (statement o3 000)  27(30.0%) 644 (71.6%) 255(284%) 210 (70.0%) 90 (30.0%) 08377
Good for the heart o o o o o o
(statement 6) 58 (64.4%) 32 (35.6%) 588 (65.4%) 311 (34.6%) 183(61.0%) 117 (39.0%) 0.3861
Good for the brain o o o o o o
General (statement 7) 54 (60.0%) 36 (40.0%) 606 (67.4%) 293 (32.6%) 185(61.7%) 115 (38.3%) 0.1000
health Recommended to be
influence of consumed by o 0 0 o 0 0
fish children /adolescents 68 (75.6%) 22 (24.4%)  682(75.9%) 217 (24.1%) 216 (72.0%) 84 (28.0%) 0.4053
consumption (statement 14)
Recommended to be
consumed by pregnant 31 (34.4%) 59 (65.6%) 318 (35.4%) 581 (64.6%) 114 (38.0%) 186 (62.0%) 0.6818
women (statement 15)
Recommended to be
consumed at least twice a 25 (27.8%) 65 (72.2%) 313 (34.8%) 586 (65.2%)  92(30.7%) 208 (69.3%) 0.2124
week (statement 17)
Health-promoting fatty o o o o o o
acids (statement 5) 66 (73.3%) 24 (26.7%) 701 (78.0%) 198 (22.0%)  225(75.0%) 75 (25.0%) 0.3984
~ Health Fish-derived fatty acids
influence of good for health 59 (65.6%) 31 (34.4%) 603 (67.1%) 296 (32.9%) 194 (64.7%) 106 (35.3%)  0.7349
_flSh' (statement 4)
derived fats Fish-derived fatty acids
lower blood cholesterol 36 (40.0%) 54 (60.0%) 373 (41.5%) 526 (58.5%) 123 (41.0%) 177 (59.0%)  0.9575
(statement 10)
Risk of allergies o o o o o o
(statement 12) 20 (22.2%) 70 (77.8%) 234 (26.0%) 665 (74.0%) 82 (27.3%) 218 (72.7%)  0.6248
Risk of bacteria and
parasites in fish 41 (45.6%) 49 (54.4%) 446 (49.6%) 453 (50.4%) 145 (48.3%) 155 (51.7%) 0.7355
Safet (statement 13)
atety Risk of contaminants in fish o o o o o o
concerns (statement 16) 49 (54.4%) 41 (45.6%) 558 (62.1%) 341(37.9%) 169 (56.3%) 131 (43.7%) 0.1093
Risk of polychlorinated
biphenyls (PCBs) in fish 19 (21.1%) 71 (78.9%) 188(209%) 711(79.1%) 57 (19.0%) 243 (81.0%)  0.7678
(statement 18)
Risk of mercury in fish 29(322%)  61(67.8%) 293 (32.6%) 606 (67.4%) 90 (30.0%)  210(70.0%)  0.7055

(statement 20)

The number of correct and incorrect answers provided by the population-based sample
of Polish secondary school students within the studied issues of fish-consumption benefits
and safety concerns in sub-groups stratified by rural/urban environment is presented in
Table 7. Adolescents living in an urban environment provided a higher share of correct
answers to the statements about some fish having more fat than others (25.0% vs. 19.8%;
p = 0.0273), fish consumption being good for the brain (70.0% vs. 61.5%; p = 0.0016), fish-
derived fatty acids being good for health (70.2% vs. 63.0%; p = 0.0072), and about the risk
of contaminants in fish (64.8% vs. 56.0%; p = 0.0016).
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Table 7. The number of correct and incorrect answers provided by the population-based sample of
Polish secondary school students within the studied issues of fish-consumption benefits and safety
concerns in sub-groups stratified by rural/urban environment.

Answers Provided by Studied Adolescents

(n =1289)
Studied .
uete Studied Statement Rural Environment Urban Environment p
Knowledge
(n = 678) (n=611)
Correct Incorrect Correct Incorrect
Source of protein (statement 1) 540 (79.6%) 138 (20.4%) 477 (78.1%) 134 (21.9%) 0.5322
Not a source of fiber (statement 2) 196 (28.9%) 482 (71.1%) 190 (31.1%) 421 (68.9%) 0.4263
Some fish have more fat than others o o o N
Content of (statement 19) 134 (19.8%) 544 (80.2%) 153 (25.0%) 458 (75.0%) 0.0273
nutrients in fish ‘ ’ i
Not a source of ‘trans’ fatty acids 49 (72%) 629 (92.8%) 49 (8.0%) 562 (92.0%)  0.6667
(statement 9)
Source of vitamin D (statement 3) 367 (54.1%) 311 (45.9%) 347 (56.8%) 264 (43.2%) 0.3660
Not a source of vitamin C (statement 11) 187 (27.6%) 491 (72.4%) 196 (32.1%) 415 (67.9%) 0.0885
Good for health (statement 8) 472 (69.6%) 206 (30.4%) 445 (72.8%) 166 (27.2%) 0.2261
Good for the heart (statement 6) 423 (62.4%) 255 (37.6%) 406 (66.4%) 205 (33.6%) 0.1441
G | health Good for the brain (statement 7) 417 (61.5%) 261 (38.5%) 428 (70.0%) 183 (30.0%) 0.0016
‘seneral heal Recommended to be consumed by o o o Y
influence 05 fish children /adolescents (statement 14) 495 (73.0%) 183 (27.0%) 471 (77.1%) 140 (22.9%) 0.1047
consumption
Recommended to be consumed by 236 (34.8%) 442 (65.2%) 227 (37.2%) 384 (62.8%)  0.4135
pregnant women (statement 15)
Recommended to be consumed at least o o o o
twice a week (statement 17) 218 (32.2%) 460 (67.8%) 212 (34.7%) 399 (65.3%) 0.3638
Health-promoting fatty acids o o o o
Health (statement 5) 507 (74.8%) 171 (25.2%) 485 (79.4%) 126 (20.6%) 0.0585
influence of Fish-derived fatty acids good for health o o o o
fish-derived (statement 4) 427 (63.0%) 251 (37.0%) 429 (70.2%) 182 (29.8%) 0.0072
fats Fish-derived fatty acids lower blood o o o o
cholesterol (statement 10) 276 (40.7%) 402 (59.3%) 256 (41.9%) 355 (58.1%) 0.7063
Risk of allergies (statement 12) 173 (25.5%) 505 (74.5%) 163 (26.7%) 448 (73.3%) 0.6813

Risk of bacteria and parasites in fish
(statement 13)
Safety concerns Risk of contaminants in fish
(statement 16)
Risk of polychlorinated biphenyls (PCBs) o o o o
in fish (statement 18) 133 (19.6%) 545 (80.4%) 131 (21.4%) 480 (78.6%) 0.4587

Risk of mercury in fish (statement 20) 206 (30.4%) 472 (69.6%) 206 (33.7%) 405 (66.3%) 0.2221

321 (47.3%) 357 (52.7%) 311 (50.9%) 300 (49.1%) 0.2228

380 (56.0%) 298 (44.0%) 396 (64.8%) 215 (35.2%) 0.0016

Table 8 presents the number of correct and incorrect answers provided by the population-
based sample of Polish secondary school students within the studied issues of fish-consumption
benefits and safety concerns in sub-groups stratified by the location of the region of residence
in relation to the Baltic Sea. Participants living in regions situated far away from the sea
provided a higher share of correct answers to the statements about fish not being a source
of fiber (33.3% vs. 22.1%; p = 0.0001), some fish having more fat than others (24.9% vs.
16.1%; p = 0.0008), fish not being a source of vitamin C (32.9% vs. 22.1%; p = 0.0001), the
recommendation for children and adolescents to consume fish (77.6% vs. 68.8%; p = 0.0011),
and the risk of mercury in fish (35.4% vs. 24.0%; p = 0.0001).
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Table 8. The number of correct and incorrect answers provided by the population-based sample of
Polish secondary school students within the studied issues of fish-consumption benefits and safety
concerns in sub-groups stratified by the location of the region of residence in relation to the Baltic Sea.

Answers Provided by Studied Adolescents

(n =1289)
Studied . Region Si dF
Studied Statement i i egion Situated Far p
Knowledge Reglosne gl(t;itgg 4])3}’ the away from the Sea
B (n =905)
Correct Incorrect Correct Incorrect
Source of protein (statement 1) 310 (80.7%) 74 (19.3%) 707 (78.1%) 198 (21.9%) 0.3297
Not a source of fiber (statement 2) 85(22.1%) 299 (77.9%) 301 (33.3%) 604 (66.7%) 0.0001
Some fish have more fat than others o o o o

Content of (statement 19) 62 (16.1%) 322 (83.9%) 225(24.9%) 680 (75.1%) 0.0008

nutrients in fish

Not a source of ‘trans’ fatty acids

29 (7.6%)  355(92.4%) 69 (7.6%)  836(92.4%) 1.0000
(statement 9)
Source of vitamin D (statement 3) 218 (56.8%) 166 (43.2%) 496 (54.8%) 409 (45.2%) 0.5568
Not a source of vitamin C (statement 11) 85 (22.1%) 299 (77.9%) 298 (32.9%) 607 (67.1%) 0.0001
Good for health (statement 8) 270 (70.3%) 114 (29.7%) 647 (71.5%) 258 (28.5%) 0.7188
Good for the heart (statement 6) 247 (64.3%) 137 (35.7%) 582 (64.3%) 323 (35.7%) 1.0000
G 1 health Good for the brain (statement 7) 236 (61.5%) 148 (38.5%) 609 (67.3%) 296 (32.7%) 0.0509
‘seneral heal Recommended to be consumed by o o o o
influence 05 fish children /adolescents (statement 14) 264 (68.8%) 120 (31.3%) 702 (77.6%) 203 (22.4%) 0.0011
consumption
Recommended to be consumed by 141 (36.7%) 243 (63.3%) 322 (35.6%) 583 (64.4%)  0.7443
pregnant women (statement 15)
Recommended to be consumed at least o o o o
twice a week (statement 17) 118 (30.7%) 266 (69.3%) 312 (34.5%) 593 (65.5%) 0.2150
Health-promoting fatty acids o o o o
Health (statement 5) 287 (74.7%) 97 (25.3%) 705 (77.9%) 200 (22.1%) 0.2460
influence of Fish-derived fatty acids good for health o o o o
fish- (statement 4) 243 (63.3%) 141 (36.7%) 613 (67.7%) 292 (32.3%) 0.1379

derived fats

Fish-derived fatty acids lower blood
cholesterol (statement 10)

148 (38.5%) 236 (61.5%) 384 (42.4%) 521 (57.6%)  0.2167

Safety concerns

Risk of polychlorinated biphenyls (PCBs)
in fish (statement 18)
Risk of mercury in fish (statement 20) 92 (24.0%) 292 (76.0%) 320 (35.4%) 585 (64.6%) 0.0001

Risk of allergies (statement 12) 96 (25.0%) 288 (75.0%) 240 (26.5%) 665 (73.5%) 0.6178
Risk of bacteria and parasites in fish

(statement 13) 179 (46.6%) 205 (53.4%) 453 (50.1%) 452 (49.9%)  0.2850

Risk of contaminants in fish

(statement 16) 224 (58.3%) 160 (41.7%) 552 (61.0%) 353 (39.0%)  0.4063

70 (18.2%) 314 (81.8%) 194 (21.4%) 711 (78.6%)  0.2189

The number of correct and incorrect answers provided by the population-based sam-
ple of Polish secondary school students within the studied issues of fish-consumption
benefits and safety concerns in sub-groups stratified by the type of school the partici-
pants of study attended is presented in Table 9. Adolescents attending comprehensive
school provided a higher share of correct answers to the statements about fish not be-
ing a source of fiber (37.9% vs. 25.7%; p < 0.0001), some fish having more fat than oth-
ers (33.9% vs. 16.1%; p < 0.0001), fish not being a source of vitamin C (38.1% vs. 25.2%;
p < 0.0001), fish consumption being good for the heart (68.4% vs. 62.1%; p = 0.0305) and the
brain (71.5% vs. 62.4%; p = 0.0013), the recommendation for children and adolescents to
consume fish (84.6% vs. 69.8%; p < 0.0001), the recommendation to consume fish at least
twice a week (39.0% vs. 30.4%; p = 0.0022), fish containing health-promoting fatty acids
(84.0% vs. 73.2%; p < 0.0001), fish-derived fatty acids being good for health (75.1% vs. 61.8%;
p < 0.0001), fish-derived fatty acids lowering blood cholesterol (45.9% vs. 38.8%; p = 0.0165),
the risk of allergies connected to consuming fish (30.1% vs. 23.9%; p = 0.0201), the risk of
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bacteria and parasites in fish (57.5% vs. 44.5%; p < 0.0001), the risk of contaminants in fish
(70.6% vs. 54.6%; p < 0.0001), and the risk of mercury in fish (42.5% vs. 26.3%; p < 0.0001).

Table 9. The number of correct and incorrect answers provided by the population-based sample of
Polish secondary school students within the studied issues of fish-consumption benefits and safety
concerns in sub-groups stratified by the type of school.

Answers Provided by Studied Adolescents

(n =1289)
Studied .
ucie Studied Statement Comprehensive School Vocational School 14
Knowledge
(n = 449) (n = 840)
Correct Incorrect Correct Incorrect
Source of protein (statement 1) 362 (80.6%) 87(19.4%) 655 (78.0%) 185 (22.0%) 0.2992
Not a source of fiber (statement 2) 170 (37.9%) 279 (62.1%) 216 (25.7%) 624 (74.3%)  <0.0001
Some fish have more fat than others o o o Y
Content of (statement 19) 152 (33.9%) 297 (66.1%) 135 (16.1%) 705 (83.9%)  <0.0001
nutrients in fish . ’ i
Not a source of ‘trans’ fatty acids 34(7.6%)  415(92.4%) 64 (7.6%) 776 (924%)  1.0000
(statement 9)
Source of vitamin D (statement 3) 265 (59.0%) 184 (41.0%) 449 (53.5%) 391 (46.5%) 0.0633
Not a source of vitamin C (statement 11) 171 (38.1%) 278 (61.9%) 212 (25.2%) 628 (74.8%)  <0.0001
Good for health (statement 8) 330 (73.5%) 119 (26.5%) 587 (69.9%) 253 (30.1%) 0.1934
Good for the heart (statement 6) 307 (68.4%) 142 (31.6%) 522 (62.1%) 318 (37.9%) 0.0305
G 1 health Good for the brain (statement 7) 321 (71.5%) 128 (28.5%) 524 (62.4%) 316 (37.6%) 0.0013
[‘eneral heal Recommended to be consumed by o o o o
influence 05 fish  cpildren/adolescents (statement 14) 350 (B46%) 69 (15.4%) 586 (69.8%)  254(30.2%)  <0.0001
consumption
Recommended to be consumed by ) 3¢ 500y 05 (635%) 299 (35.6%) 541 (644%)  0.7866
pregnant women (statement 15)
Recommended to be consumed at least o o o o
twice a week (statement 17) 175 (39.0%) 274 (61.0%) 255 (30.4%) 585 (69.6%) 0.0022
Health-promoting fatty acids o o o o
Health (statomens 5) 377 (84.0%) 72 (16.0%) 615 (732%) 225 (26.8%)  <0.0001
infl ¢ g .
influence of  Fish-derived fatty acids good for health 537 75 19y 119 049%) 519 (61.8%) 321 (382%)  <0.0001
fish- (statement 4)
derived fats Fish-derived fatty acids lower blood o o o o
cholesterol (statement 10) 206 (45.9%) 243 (54.1%) 326 (38.8%) 514 (61.2%) 0.0165
Risk of allergies (statement 12) 135 (30.1%) 314 (69.9%) 201 (23.9%) 639 (76.1%)  0.0201
Risk of bacteria and parasites in fish o o o o
(statement 13) 258 (57.5%) 191 (42.5%) 374 (44.5%) 466 (55.5%) <0.0001
Safety concerns Risk of contaminants in fish 317 (70.6%) 132 (29.4%) 459 (54.6%) 381 (45.4%)  <0.0001
(statement 16)
Risk of polychlorinated biphenyls (PCBs) o o o o
in fish (statement 18) 104 (23.2%) 345 (76.8%) 160 (19.0%) 680 (81.0%) 0.0946
Risk of mercury in fish (statement 20) 191 (42.5%) 258 (57.5%) 221 (26.3%) 619 (73.7%)  <0.0001

Table 10 presents a graphical summary of fish-knowledge differences between the
analyzed sub-groups in relation to the specific statements concerning fish-intake benefits
and safety concerns.
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Table 10. Graphical summary of fish knowledge differences between the analyzed sub-groups in relation to the specific statements concerning fish-intake benefits
and safety concerns.

Studied Knowledge Studied Statement Gender Age Body Mass Environment Region Type of School
Source of protein Female > Male Minors < Adults
(statement 1)
Not a source of fiber By the sea < Far Comprehensive >
(statement 2) away from Vocational school
Underweight >

Content of nutrients
in fish

Some fish have more fat

than others (statement 19)

Not a source of ‘trans’
fatty acids (statement 9)
Source of vitamin D
(statement 3)

Not a source of vitamin C

(statement 11)

Minors < Adults

Proper body mass >
Excessive body mass

Underweight >
Proper body mass >
Excessive body mass

Rural < Urban

By the sea < Far
away from

By the sea < Far
away from

Comprehensive >
Vocational school

Comprehensive >
Vocational school

General health
influence of fish
consumption

Good for health
(statement 8)
Good for the heart
(statement 6)
Good for the brain
(statement 7)
Recommended to be
consumed by
children/adolescents
(statement 14)
Recommended to be
consumed by pregnant
women (statement 15)
Recommended to be

consumed at least twice a

week (statement 17)

Female > Male

Female > Male

Female > Male

Female > Male

Minors < Adults

Minors < Adults

Minors < Adults

Minors < Adults

Rural < Urban

By the sea < Far
away from

Comprehensive >
Vocational school
Comprehensive >
Vocational school

Comprehensive >
Vocational school

Comprehensive >
Vocational school
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Table 10. Cont.

Studied Knowledge

Studied Statement

Gender Age

Body Mass

Environment

Region

Type of School

Health influence of
fish-derived fats

Health-promoting fatty
acids (statement 5)
Fish-derived fatty acids
good for health
(statement 4)
Fish-derived fatty acids
lower blood cholesterol
(statement 10)

Rural < Urban

Comprehensive >
Vocational school

Comprehensive >

Vocational school

Comprehensive >
Vocational school

Safety concerns

Risk of allergies
(statement 12)
Risk of bacteria and
parasites in fish
(statement 13)
Risk of contaminants in
fish (statement 16)
Risk of polychlorinated
biphenyls (PCBs) in fish
(statement 18)
Risk of mercury in fish
(statement 20)

Female < Male

Rural < Urban

By the sea < Far
away from

Comprehensive >
Vocational school

Comprehensive >
Vocational school

Comprehensive >
Vocational school

Comprehensive >
Vocational school
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4. Discussion
4.1. General Knowledge

In the present study, the recommendation for children and adolescents to consume
fish was known to almost three-quarters of participants, while the recommendation to
consume fish at least twice a week was known only to every third person (33.4%). Similarly,
the answer concerning the recommendation for pregnant women to consume fish was
known only to every third person and only to about 40% of the female respondents. Taking
that into consideration there is a high risk that at the time when these adolescents become
pregnant, they might still lack this knowledge and will not adhere to that recommendation.
It corresponds with the fact that studies indicate that pregnant women often do not know
the benefits of consuming fish, as well as that they frequently do not receive any advice
to consume it [47]. On the contrary, they often receive advice from their physicians to
limit fish intake [47]. Among pregnant women the awareness of fish-consumption risk
associated with mercury is sometimes also more prevalent than of the benefits of omega-3
fatty acids found in fish [48]. Moreover, in Poland, fish intake among pregnant women is
observed to be inadequate [49,50].

While not knowing that it is recommended for pregnant women to consume fish is not
so surprising as the participants were adolescents, the fact that adolescents are not familiar
with the basic general recommendation to consume fish at least two times per week is quite
alarming. This lack of knowledge might have an implication for adolescents’ food choices
as low fish and seafood intake in children and adolescents is commonly observed [51,52],
and such low intake is more frequent among children and adolescents than in adults [53].

Based on the answers provided to the ‘dummy’ statement about fish being a source
of fiber, it seems that many adolescents do not know that fish are not a source of fiber, as
almost three-quarters of participants provided a wrong answer to that statement. However,
the acquiescence bias should also be indicated here [54]. Participants might have confirmed
because they could have made a wrong assumption that since fiber was good for health
and so was fish, fish must be a good source of it. This nescience was also observed among
adults—in Belgium 45.5% of the study participants believed that fish contain fiber [31].
On the other hand, two thirds of the respondents in the present study indicated that the
fatty acids found in fish are good for health. This statement was a reverse one, so the
risk of the acquiescence bias is, here, contradicted. In the Belgian study, the fact that
omega-3 fatty acids have a positive influence on human health was known only to 30% of
respondents [31], which is more than two times less than in the present study. It seems,
therefore, that the misconception that fish contain fiber is much more common than the
awareness of fish containing health-promoting fatty acids. However, in the present study,
the knowledge on the type of fatty acids found in fish was very low; the majority of the
adolescents identified them as ‘trans’ fatty acids, while more than every third declared
having no opinion on it.

Regarding vitamin D, in the present study, independent of the characteristics of the
participants, only every second person knew that fish are a source of it. Comparing
that with the frequent misconception that fish contain fiber, it seems that many Polish
adolescents do not associate fish with one of their main nutrients, namely omega-3 fatty
acids and vitamin D, whose best food source for humans are fatty fish [55]. This is of
great importance as it is known that vitamin D intake among Polish adolescents is very
low [56,57]. Similarly, studies conducted in other countries show similar results concerning
the knowledge that fish are a source of vitamin D—in Belgium this fact was indicated by
53.3% of the study participants [31].

Concerning the safety of fish consumption, the fact that eating fish may cause allergy
was not widely known—only every fourth participant knew the correct answer regarding
this statement. The possibility that fish may contain dioxins or mercury was not known by
many either—only by every fifth and every third participant, respectively. In the Belgian
study [31], the results were somehow similar—fewer people (29.1%) indicated dioxins as
possible pollutants in fish compared to heavy metals (45.8%), one of which is mercury.
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However, in the present study more adolescents were aware of the fact that fish might
contain bacteria and parasites or contaminants, as the proper answers were provided by
almost half or more than half of respondents, respectively.

4.2. Determinants of Knowledge

According to the present study factors which were positively associated with the
knowledge on fish health benefits and safety were female gender, being an adult, being
underweight, living in an urban environment, living in a region far away from the sea and
attending a comprehensive high school. Most of those variables are also indicated in other
studies as variables which are associated with nutritional knowledge, including knowledge
on fish. An Iranian study among primary and junior high-school pupils revealed very
similar results, that the nutritional knowledge of females as well as junior high-school
pupils and pupils from urban areas was higher than that of males, primary school children
and pupils from rural areas [58]. In a study among adult Poles, it was age, as well as the
education level, which was positively associated with objective knowledge on fish, which
was assessed based on statements very similar to the present study (two false statements:
‘Fish is a source of dietary fiber” and ‘Cod is a fatty fish’, and two true statements: ‘Fish
is a source of omega-3 fatty acids’ and ‘Salmon is a fatty fish") [35]. Moreover, in an
English study analyzing nutritional knowledge among adults, it was women, people of
higher education and occupational category, as well as people aged 35-64 who received
higher knowledge scores than the other subgroups [59]. In a Canadian study, it was also
women and participants with higher education whose nutritional-knowledge score was
higher than in men or those with lower education [60]. This is in line with the present
study concerning the female gender, but it also seems to be in accordance with adolescents
attending comprehensive school and having better knowledge due to the fact that pupils
who attend comprehensive schools in Poland choose higher education more frequently
than pupils from vocational schools [61].

Similar to the present study, an Italian study among children and adolescents living
in a rural area found that being older, as well as underweight or normal weight were
linked to higher nutritional knowledge scores [62]. In the present study, the share of
correct answers to some of the statements was significantly higher among underweight
adolescents, followed by those of normal BMI, while the lowest share of correct answers in
the present study was observed in the excessive body mass subgroup of participants. A
study among adults in Cyprus also showed that the increase in nutritional knowledge is
associated with having a lower BMI [63]. The results from the present study are also in line
with a study among adolescents aged 17-19 from continental Croatia, which showed that
boys, adolescents from rural areas, as well as overweight adolescents had lower nutritional
knowledge than the other subgroups [64]. However, other studies are not always in line
with these results and sometimes no association is stated or even a reverse association—a
study among school-aged children from Ghana revealed that nutritional knowledge was
weakly, but positively correlated with BMI for age [65].

Interestingly, the results of the present study are not in line with an Austrian study
assessing nutritional knowledge among over five hundred secondary school adolescents
regarding the place of residence [66]. In the cited study, pupils from rural regions scored
better than the ones from urban regions, which is contrary to the results from the present
study in which those from an urban environment provided correct answers more frequently.
However, what should be noted is that in the cited study, the analysis was completed for
pupils attending the so-called New Middle Schools in which a subject called ‘Nutrition
and Household’ is taught (with varying frequency depending on the school), while in the
present study, the analysis comprised students from the whole country, not only from one
specific type of school and where no such dedicated subject is taught. In the Austrian
study, more nutrition education classes were observed in rural areas which is probably
the reason for better nutritional knowledge among students from these areas. Importantly,
in the cited study, pupils who had more nutrition education classes in a week had higher



Nutrients 2023, 15, 4902

18 of 22

nutritional-knowledge scores [66], which shows that nutrition education at school is an
important factor linked to the nutritional knowledge of adolescents.

An important question is whether the higher knowledge on fish consumption among
some subgroups observed in the present study, namely individuals of the female gender,
adults, underweight participants, those living in an urban environment, participants living
in regions far away from the sea and those attending a comprehensive high school, corre-
sponds to a higher fish consumption among these subgroups. A Polish study found that
among adolescents and young adults aged 15-29 there is a significant correlation between
fish consumption and the degree of urbanization [67]. This result is in line with the result
from the present study, in which adolescents from urban areas provided a higher share
of correct answers to some of the analyzed statements than their counterparts from rural
regions. A Russian cross-sectional study among adult participants also indicated that fish
intake was statistically higher among participants from an urban area compared to a rural
area [68]. Interestingly, the Russian study showed that the easy access to fish markets in
the city might be a greater fish-consumption driver than a nearby body of water suitable
for fishing, such as a lake [68].

However, higher nutritional knowledge concerning fish does not always seem to
correspond to greater fish intake. Fish are usually eaten in larger quantities by men, not
women, not in line with the results of the present study and the other studies which show
that female adolescents” knowledge regarding fish-intake benefits and safety risks is higher
than male. According to the European Investigation into Cancer and Nutrition (EPIC)
study, the intake of fish and fish products was higher among men than women almost in all
analyzed countries and administrative centers [69]. A higher fish intake among men than
among women was also observed in the Russian study, but it was statistically significant
only for the rural area [68]. Interestingly, in the EPIC study, the crude mean fish and
fish-products intake was higher for women than men only among the ‘health-conscious’
participants from the United Kingdom, and the adjusted for age, weighted for season
and day of the week mean intake of fish and fish products was higher among women
than men from the Ragusa region in Italy and again among the British health-conscious’
participants [69].

Concerning BMI, which according to the present study was associated negatively
with the share of correct answers to some of the statements, it seems that fish intake
is not correlated negatively with it. European longitudinal studies showed no relation
between higher fish intake and lower body mass [70] or waist circumference [71], while a
Japanese study showed a direct positive association between energy-adjusted fish intake
and BMI [72]. However, it should be noted that the fish-intake patterns in Japan are very
different from those in Europe [73], which could be the reason for the opposite results.

Moreover, according to the EPIC study [69], fish intake is usually higher in areas with
greater access to the sea. This does not correspond to the results from the present study, in
which adolescents from regions situated far away from the sea provided a higher share of
correct answers to five of the twenty analyzed statements. However, what should also be
noted is that the share of correct answers concerning the other fifteen statements was not
different among those two sub-groups. Interestingly, while assessing the national data on
fish intake in different regions of Poland, it turns out that the consumption in some of the
regions situated far away from the sea may be even higher than in the seaside regions [74].
This difference in consumption but also the difference seen in knowledge in favor for the
far-away-from-the-sea sub-group in the present study could, therefore, be linked to the
fact that in Poland not only saltwater fish but also freshwater fish, especially carp, are
consumed [75], and hence fish availability does not depend on the access to the sea only.
What might also play a role is that the larger carp farms are distributed in the regions
situated far away from the sea [75].

The fact that females as well as those who were underweight and those living in
regions far away from sea provided a higher share of correct answers to some of the
analyzed statements, hence their nutritional knowledge concerning fish seems to be higher,
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can be very beneficial to these subgroups but also to their relatives. Usually, it is women
who are responsible for the household grocery shopping for the family [76]. Therefore,
the better knowledge among females can, in the future, result in more frequent purchase
and consumption of fish in their households [77]. Moreover, thanks to the more detailed
knowledge, their choice of fish species and fish quality might also be better, and, therefore,
it might result in a higher intake of high-quality nutritious fish among women, but also their
spouses and children. Similar assumptions apply to those whose BMI indicated they are
underweight—by dint of their more extensive knowledge concerning fish-intake benefits
and safety concerns, their motivation to consume fish might also be higher, hence a lower
risk of malnutrition. On the other hand, adolescents from rural areas as well as those who
attend vocational schools might be especially at risk of not consuming fish or consuming
fish of poor quality because of their insufficient knowledge concerning fish-intake benefits
and safety risks. This is especially alarming since studies show that adolescents from rural
areas have a greater risk of obesity and physical inactivity [78,79], as well as that their diet
is often of poor quality as they commonly prefer fast food to fruit and vegetables, frequently
consume sweets and consume few meals during the day [80].

5. Conclusions

In the studied population-based sample of Polish adolescents, their knowledge con-
cerning fish-consumption benefits and safety was in many cases inadequate. Males, minor
adolescents, normal weight and excessive body mass adolescents, adolescents from rural
regions and from regions by the sea, as well as those attending vocational schools provided
a lower share of correct answers to some of the analyzed statements, hence nutrition educa-
tion concerning fish-consumption benefits and safety should be targeted primarily at these
subgroups of adolescents. Importantly, the recommendation for children and adolescents
to consume fish at least two times per week should also be addressed, since according to
the present study it is not known by all.
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Abstract: Fish intake in youth is commonly inadequate with several potential determinants. This
cross-sectional study aimed to assess the influence of potential fish intake determinants in a nation-
wide sample of Polish youth. Associations between the participants’ fish intake and their gender,
age, body mass index, place of residence (region and size of locality), school type, nutritional knowl-
edge about fish, and their parents’/legal guardians’ fish intake were assessed. A total sample of
1317 adolescents (870 female, 447 male) aged 14-22 from 32 secondary schools from all regions
of Poland participated in the study. Median fish intake among the youth was 34.9 g/week. The
recommendation to consume at least 300 g of fish/week was followed by 6% of participants. Fish
intake was determined by gender and the type of school, with males and comprehensive high school
students consuming more fish, but it was not determined by the region or size of the locality of
residence and age group, nor did the body mass index determine fish intake. Participants’ fish
intake was positively associated with their nutritional knowledge about fish, as well as with their
parents’/legal guardians’ fish intake. Most youths do not follow the recommendation to consume at
least 300 g of fish weekly; hence, nutritional education on the recommendations and the benefits of

fish consumption is necessary.

Keywords: fish consumption; food intake determinants; eating behaviors; recommendations; nutritional
knowledge; teenagers; adolescents; parents/guardians

1. Introduction

Adolescence is a vital period in life as this is when numerous systems, such as the
neurological system, the reproductive system, and the endocrine system are developed [1].
It is also a time of transition when habits are created, which can persist in adult life [2].
Moreover, the peak bone mass is initiated and achieved during puberty and early adult-
hood [3]. Nutrition, and consequently, nutritional status in childhood and early adolescence,
influences the timing of puberty and has consequences on the proper development of the
above-mentioned systems [4]. Therefore, not only should nutrition during adolescence
provide all the necessary nutrients to meet the demands of physical and cognitive growth
but it also ought to encourage and promote healthy dietary habits and lifestyle [5].

Fish contain high-quality protein as well as other essential nutrients of metabolic
and hormonal importance, including n-3 polyunsaturated fatty acids, minerals (iodine,
selenium), and vitamin D [6]. Fish consumption is associated with several significant health
benefits. In an umbrella review of meta-analyses, it was found that high fish intake was
associated with various beneficial health outcomes, including decreased all-cause death rate,
decreased risk of different types of cancers (including colorectal, lung, hepatocellular, and
oral cancer), and reduced risk of some cardiovascular diseases, such as the acute coronary
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syndrome, heart failure, and stroke [7]. Another one showed that fish consumption was
also associated with a reduced risk of depression [8]. Last but not least, a recent German
cohort study found that consuming fish is positively associated with school performance
in children [9].

Due to its multiple health benefits, fish is usually recommended as part of a healthy
balanced diet in most dietary guidelines [10-14], including those for children and ado-
lescents [15-17]. Interestingly, some nutritional recommendations differ from country to
country, and according to the World Health Organization, they often reflect the national
dietary habits [18]. This is also observed in the case of fish intake recommendations. The
Austrian nutritional recommendations for children indicate one to two portions of fish,
ideally oily [10], to be consumed in a week [15], with a portion size of 150 g [10]. According
to the British National Health Service (NHS), a proper diet should include at least two
portions of fish a week (corresponding to around 280 g a week), including one portion
(around 140 g) of oily fish, such as herring, salmon, mackerel, or trout [12]. The American
Food and Drug Administration (FDA) advises children who are 11 years old and older, as
well as adults, to consume two to three servings of different fish a week, while a typical
serving corresponds to approximately 4 ounces (113 g) [16]. As for the Polish recommen-
dations for children and adolescents, fish should be consumed at least twice a week [17],
while the recommended portion is 150 g [19]. Based on the above recommendations, the
recommended fish intake corresponds to around 150-300 g weekly [10,12,16,19].

Global data indicate that fish intake varies greatly between countries [20], which is
associated with a very diverse consumption of n-3 fatty acids of seafood origin, including
fish, with only 18.9% of the global population achieving the recommended intake of at least
250 mg per day [21]. The Polish Food and Nutrition Institute [22] emphasized that Poland,
when compared with other European Union countries, is among countries characterized
by low fish consumption, which is confirmed by the European Market Observatory for
Fisheries and Aquaculture (EUMOFA) [23].

It must be noted that some methods of obtaining worldwide dietary data for moni-
toring nutrition, such as household budget surveys or balance sheets, do not accurately
reflect the food intake of individuals [24]. In Poland, the available data concerning fish
intake as well as the analyses and recommendations are usually based on balance sheets or
household budget surveys. Some studies, such as the European Prospective Investigation
into Cancer and Nutrition (EPIC), which collected data from 1992 to 2000 [25], did assess
fish intake in some European countries with the use of the 24 h dietary recall, which might
be more accurate than the household budget surveys or balance sheets, but the analysis did
not include Poland. Up to now, there are no comprehensive data concerning fish intake in
the Polish population. Therefore, it is crucial to conduct well-designed nationwide studies
to accurately assess food intake in vulnerable populations, such as adolescents.

Food choices made by adolescents are especially important, as the food intake in
this period may be a determinant both of their current health status and their health
status in adulthood [26]. There are various factors influencing food choices and food
intake—both internal and external. Internal determinants include physiological needs, self-
image, individual health, and preferences, while external factors are associated with family
habits, social and cultural values, media, and friendship [27]. Importantly, consumers’
attitudes toward nutrition and food may be an important factor affecting dietary behaviors
and food intake [28]. Among all the multiple food choice determinants observed in the
group of adolescents, the importance of parental attitudes and parental dietary knowledge
is often highlighted [29]. In the systematic review of Liu et al. [29], it was shown that
these two factors may promote adolescents” knowledge, attitude, and practice of healthy
eating. Although some studies describe the determinants of fish consumption in a group of
children [30,31], studies focused on youth are scarce.

Therefore, taking all the above into account, the present cross-sectional study aimed at
the assessment of fish intake and its determinants in a nationwide sample of Polish youth
aged 14-22 years.



Nutrients 2024, 16, 853

30f22

2. Materials and Methods
2.1. Ethical Statement

The study was carried out at the Department of Dietetics, Warsaw University of Life
Sciences (WULS-SGGW) and was conducted according to the guidelines laid down in the
Declaration of Helsinki. All participants, as well as their parents/legal guardians provided
informed consent to participate. All procedures involving human subjects received the
approval of the Ethics Committee of the Central Clinical Hospital of the Ministry of Interior
and Administration in Warsaw (2/2021). The data for the study were collected from May
to July 2021.

2.2. Studied Group

In order to gather a nationwide sample, the cross-sectional study was conducted
among Polish secondary school students attending one of the five types of schools: compre-
hensive high schools, specialized high schools, vocational schools, technical schools, and
visual arts high schools, for which the net enrollment rate in Poland is 90.83% [32]. The list
of schools for the sampling was derived from the online National Register of Schools and Ed-
ucational Establishments of the Polish Ministry of Education and Science [33]. The stratified
random sampling method was implemented to invite students to take part in the study, and
it consisted of two stages: (1) random sampling of 30% of counties from each of the sixteen
Polish voivodeships (basic administrative units of Poland), and (2) inviting students from
all the secondary schools from the sampled counties. In total, 115 counties were sampled
and students from 1357 secondary schools were invited to take part in the study. Students
were to provide data about themselves as well as about their parents/legal guardians.

An invitation email with the aim and the scope of the study was sent to the headmasters
and/or the school secretaries of the sampled schools. In the case of a lack of response, the
email was resent. In the end, students from 32 secondary schools participated in the study.

Headmasters and/or the school secretaries of the participating schools were sent
an electronic link to the study questionnaire prepared in Google Forms, which was then
passed along to the students. Along with the questionnaire guidelines on how to carry the
study out (e.g., that the parents/legal guardians, as well as teachers, should not help the
students fill in the questionnaire, and that it is possible to fill it in on a mobile phone, but
it is more comfortable to fill it in with the use of a computer) were also provided. Taking
part in the study was voluntary, and the dedicated questionnaire was anonymous and did
not collect any data that would allow the identification of the respondents. However, the
questionnaire allowed the verification of the inclusion and exclusion criteria.

The inclusion criteria were as follows:

Age: 14-22 years;

Attending one of the five given types of secondary school in Poland: comprehensive

high school, specialized high school, vocational, technical, or visual arts high school;

Attending a secondary school sampled within the study;

Informed consent to participate (verified by the headmaster);

Informed consent of parent/legal guardian for participation (verified by the headmaster).

The exclusion criteria were as follows:

Any missing data within the questionnaire completed;
Any unreliable answers within the questionnaire completed.

The total sample of students who completed the questionnaire comprised 1317 students
from all seven macroregions in Poland (NUTS 1 units in the statistical division of Poland
from the year 2021 [34]). In total, the study was conducted in 32 secondary schools, which
does not differ from a typical response rate for studies conducted in Poland based on the
national school sampling procedure and is comparable with the response rate observed by
Glabska et al. [35]. Such response rate, which is lower than expected, is by other authors
indicated to be caused by the fact that some headmasters or teachers do not want to have
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their classes interrupted in any way, which results in rejecting to participate in a study by the
school [36]. The detailed sampling procedure is presented in Figure 1.

Youth aged 14-22 in Poland
n=3275538*
(51.2% males, 48.8% females)

A 4

Secondary school in Poland
n=8,398%*

Net enrollment rate = 90.83%*

Youth aged 14-22 in secondary schools
n=2975171 ***

16.16% of Polish secondary schools

A 4

Secondary schools invited to participate in the study
n=1,357

Youth in schools invited to participate in the study
n=347812%%*%*

School response rate — 2.36%

v

Secondary school participating in the study
n=32

Youth in schools participating in the study
n=10,949%***

Youth’s response rate — 12.22%
A
Study participants
n=1338 Participants excluded from the study
»| - Not meeting the inclusion criteria
v concerning age (17 =15)
Participants meeting the inclusion criteria - Unreliable answers (= 16)
n=1317
(870 females and 447 males)

Figure 1. Flow diagram of the sampling procedure. * based on Statistics Poland data for the year
2021 [32], ** based on the National Register of Schools and Educational Establishments of the Polish
Ministry of Education and Science for the year 2021 [33], *** calculated based on Statistics Poland
data for the year 2021 [32], **** calculated based on the National Register of Schools and Educational
Establishments for the year 2021 of the Ministry of Education and Science [33].

2.3. Applied Questionnaire and Data Analysis

The applied questionnaire used for the study consisted of four parts. The first part
included basic close-ended questions about the participant’s gender, region of residence,
size of the locality of residence, and type of school attended; and open-ended questions
about the participant’s age, height, and weight.

The second part of the questionnaire comprised questions needed to estimate the
fish and fish products intake of the participant. Four questions were included in this
part: (1) 'How often do you consume fish?’—a close-ended question with examples of
various fish dishes listed (such as baked, fried, cooked, fish fingers, and fish cutlets) with
five possible answers (never, less than once a month, one to three times a month, one to
two times a week, three or more times a week); (2) ‘"How big (in grams) is usually the fish
portion you consume?’—an open-ended question where only digits and numbers were
accepted; (3) ‘'How often do you consume fish products?’—a close-ended question with
examples of various fish products listed (such as canned fish, smoked fish, fish in cream
or oil sauce, and fish spreads) with five possible answers (never, less than once a month,
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one to three times a month, one to two times a week, three or more times a week); and
(4) How big (in grams) is usually the fish product portion you consume?’—an open-ended
question where only digits and numbers were accepted. Questions 1 and 3 were based
on questions from a short food frequency questionnaire to assess intake of seafood and
n-3 supplements, which was validated with biomarkers in adults by Dahl et al. [37], while
questions 2 and 4 were accompanied by exemplary pictures of fish and fish products from
the Polish Food Composition Tables [38] to facilitate the exact estimation of the typically
consumed portion. In question 2, nine pictures showing the portion sizes of exemplary fish
dishes were presented: one fish finger (25 g), two fish fingers (50 g), three fish fingers (75 g),
a small portion of a baked whole fish (90 g), a medium-size portion of a baked whole fish
(180 g), a big portion of a baked whole fish (270 g), a small portion of a fried fish fillet (85 g),
a medium-size portion of a fried fish fillet (170 g), and a big portion of a fried fish fillet
(225 g). In question 4, nine pictures showing the portion sizes of exemplary fish products
were again presented: a herring rollmop (50 g), a medium-sized portion of smoked salmon
(50 g), a medium-sized portion of canned tuna (50 g), a small smoked sardine-like fish
(20 g), a medium-size sardine-like fish (30 g), and a big sardine-like fish (50 g), half of a
smoked mackerel (100 g), three-quarters of a smoked mackerel (150 g), and a whole smoked
mackerel (200 g).

To estimate fish consumption, the qualitative answers to questions (1) ‘"How often do
you consume fish?” and (3) ‘How often do you consume fish products?’” were transformed
into quantitative—to represent the estimated number of portions of fish consumed in a
week. The answer ‘never’ corresponded to 0 portions of fish in a week, the answer ‘less than
once a month’ corresponded to 0.116 (an average of half a portion of fish in a month divided
by 4.3—the average number of weeks in a month), the answer ‘one to three times a month’
to 0.465 (an average of two portions of fish in a month divided by 4.3—the average number
of weeks in a month), and the answer ‘one to two times a week’ to 1.5 and “three or more
times a week’ to 3 portions of fish in a week. To estimate the weekly fish intake in grams,
the calculated estimated number of portions consumed in a week based on question 1 was
multiplied by the typical fish portion the respondents indicated in question 2. Similarly,
to estimate the weekly fish products intake in grams, the calculated estimated number
of portions consumed in a week based on question 3 was multiplied by the typical fish
products portion the respondents indicated in question 4. To estimate total weekly fish
consumption, the two above-described sums were totaled up. For the analyses, the weekly
total fish consumption was used—the sum of the weekly consumed fish and fish products.

In the third part of the questionnaire, students were asked about their parents’/legal
guardians’ fish intake. First, questions on their parent’s/legal guardian’s gender (close-
ended question) and age (open-ended question) were posed, as well as whether it is
a parent, a different relative, or a non-related legal guardian. They were followed by
questions concerning the parent’s/legal guardian’s estimated fish and fish products intake.
The whole process of this estimation was analogous to the one undertaken for the child
(the second part of the questionnaire). Just like in the case of the children for the analyses,
the total weekly fish intake of one person was used—the sum of fish and fish products.

Pupils were asked whether they lived with only one or two parents/legal guardians;
in the case of living with two, they were asked to estimate the fish and fish products intake
for both parents/legal guardians. For data analyses, if a student indicated one female
and one male parent/legal guardian, both were taken into consideration; if a student
indicated both female or both male parents/legal guardians, only data for the first one
indicated were taken into consideration; while if a student indicated both female or both
male parents/legal guardians and the first one was not related to the student, while the
second was, data for the second one indicated were taken into consideration.

The fourth part of the questionnaire consisted of a short close-ended twenty-statement-
long fish knowledge test concerning fish intake benefits and safety risks based on questions
and answers from a study by Burger and Gochfeld [39]. The test included 12 true and 8 false
statements and covered the following issues: the content of nutrients in fish (statements 1-5,
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9, 11, 19), their influence on human health (statements 6-8, 10), the health risks associated
with consuming fish (statements 12, 13, 16, 18, 20), and the nutritional recommendations
concerning fish (statements 14, 15, 17). To reduce the question order bias, the statements
were intentionally put in a disorganized order, with not all statements concerning one issue
consecutively. Also, to reduce the confirmation bias, the statements were intentionally
formulated in a way to include a similar number of correct and false statements as presented
in the recently published study [40]. Students were asked to evaluate each statement
whether in their opinion it was true or false; they could choose the ‘I don’t know’ answer
as well. For each correct answer, they received 1 point, and for each false or ‘I don’t know’
answer, they received 0 points, thus the possible range of points was 0 to 20 points. The
fish knowledge test used in the study is presented in Table 1.

Table 1. Fish knowledge test concerning fish intake benefits and safety risks and the correct answers
used in the study.

No. Statement Correct Answer
1. Fish are a good source of protein. True
2. Fish contain a lot of fiber. False
3. Fish are a good source of vitamin D. True
4. Fish contain a lot of unhealthy fats. False
5. Fish have good fat. True
6. Eating fish is good for the heart. True
7. Eating fish is not good for the brain. False
8. Eating fish is good for you. True
9. Fish contain a lot of healthy ‘trans’ fats. False
10. Eating fish lowers cholesterol. True
11. Fish are a good source of vitamin C. False
12. Eating fish may cause allergies. True
13. Fish may contain bacteria or parasites. True
14. Children and adolescents should not eat fish. False
15. Eating fish is recommended to pregnant women. True
16. Fish may contain contaminants. True
17. Fish should be eaten once a week at the most. False
18. Fish may contain PCBs. True
19. Cod is a fatty fish. False
20. Fish may contain mercury. True

Prior to the main research a pilot study among 28 students from two different schools,
which did not take part in the main study, was conducted in order to ensure that all
questions were comprehensible and that no technical problems would occur. It confirmed
that the questions in the study were understandable and since no other problems arose, the
questionnaire was not changed after the pilot study.

2.4. Statistical Analysis

The normality of the distribution of the obtained data was verified using the Shapiro-Wilk
test (which was chosen due to the size of the studied sample [41]), while the fish consumption
in subgroups was compared using the Mann—-Whitney U test and the correlations using the
Spearman’s rank-order correlation. The accepted level of significance was p < 0.05.

The statistical analysis was conducted using Statgraphics Plus for Windows 5.1 (Stat-
graphics Technologies Inc., The Plains, VA, USA) and Statistica 8.0 (Statsoft Inc., Tulsa,
OK, USA).

For subgroup analyses, all participants were divided into the following subgroups
depending on:

e Gender: female and male (referring to the social context in which people live and
which contributes to a subjective sexual identity, not to the anatomy of reproductive

organs [42]);
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Age: younger (up to 16 years old) and older (>16 years old);

Body mass index (BMI): underweight, proper, and excessive—for adults the standard
cut-offs by WHO were applied (18.5-25 kg/m? as proper body mass index) [43], while
for minors the Polish growth reference cut-offs were applied [44] (5th-85th percentile
as proper body mass index) [45];

Locality of residence: countryside, small city (<50,000 inhabitants), medium city
(50,000-100,000 inhabitants), and big city (>100,000 inhabitants);

Region of residence: North-Western, Northern, Eastern, South-Eastern, Southern,
Central, and Masovian—defined based on the macroregion categories assumed by the
Central Statistical Office in Poland [46];

Type of school: comprehensive school (comprehensive high schools and specialized
high schools) and vocational school (vocational schools, technical schools, and visual
arts high schools);

The specific fish species declared to be usually consumed by the participants: salmon,
cod, mackerel, herring, tuna, pollock, carp, rainbow trout (salmon trout), sprat, pangasius
(basa), pike (luce), brook trout, zander (pikeperch), halibut, gilt-head bream, flounder,
sole, perch, sardine, silver hake, eel, lemon sole; for this analysis only fish species that
had been indicated by at least 10 participants were taken into consideration.

3. Results

The characteristics of the studied group are presented in Table 2.

Table 2. Characteristics of the studied group.

Characteristic n (%)
Total 1317 (100)
Gend Female 870 (66.1)
ender Male 447 (33.9)
North-Western 55 (4.2)
Northern 329 (25.0)
Eastern 99 (7.5)
Region South-Western 378 (28.7)
Southern 74 (5.6)
Central 78 (5.9)
Masovian 304 (23.1)
Countryside 681 (51.7)
Pl f resid Small city (<50,000) 274 (20.8)
ace ot residence Medium city (50,000~100,000) 136 (10.3)
Big city (>100,000) 226 (17.2)
Underweight 96 (7.3)
Body mass index Proper body mass index 917 (69.6)
Overweight or obese 304 (23.1)
Ace Older (>16 years old) 661 (50.2)
& Younger (up to 16 years old) 656 (49.8)
School Comprehensive 462 (35.1)
choo Vocational 855 (64.9)

The frequency of declared fish and fish products intake of the studied group is pre-

sented in Table 3. Thirteen percent of participants declared to follow the recommendation
to consume fish 1-2 times a week or more, while more than sixteen percent declared not to
consume fish at all. Fish products were declared to be consumed less frequently than fish,
and 4 in 10 participants declared not to consume fish products at all.
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Table 3. Frequency of declared fish and fish products intake of the studied group.

Categories of Frequency Fish Fish Products
n (%) n (%)
Never 217 (16.5) 537 (40.8)
<once a month 452 (34.3) 428 (32.5)
1-3 times a month 477 (36.2) 279 (21.2)
1-2 times a week 142 (10.8) 56 (4.3)
>3 times a week 29 (2.2) 17 (1.3)

Table 4 presents the weekly intake of total fish (fish and fish products) in the studied
group, as well as in the various subgroups. The median intake was higher in males than
in females (46.5 g vs. 31.6 g; p < 0.001) and higher in students from comprehensive schools
compared to students from vocational schools (43.0 g vs. 29.0 g; p = 0.010). Only 6% (76 par-
ticipants) met the recommendation to consume at least 300 g of fish weekly, while for the
threshold of at least 150 g, it was 13% (170 participants) (data not presented in the table).

Table 4. The weekly intake of total fish (fish and fish products) in the studied group.

Intake, Grams/Week
Subgroups Mean + SD Median (Min-Max) P
Total 78.7 £135.8 34.9 (0.0-1650.0) * -

Female 65.8 +108.9 31.6 (0.0-900.0) *

Gender Male 103.6 + 1743 46.5 (0.0-1650.0) * <0.001
North-Western 82.4 +123.8 40.7 (0.0-690.0) *
Northern 76.3 £ 1419 29.0 (0.0-1275.0) *
Place of Eastern 64.2 + 1254 17.4 (0.0-808.0) *

residence—region South-Western 85.1 £138.2 34.9 (0.0-900.0) * 1.000
& Southern 63.1 + 83.8 34.0 (0.0-405.0) *
Central 80.1+914 56.4 (0.0-495.0) *
Masovian 80.7 £ 150.7 39.5 (0.0-1650.0) *
Countryside 68.5 + 105.9 32.0 (0.0-750.0) *
Pl resid . Small city (<50,000) 90.5 + 157.6 39.5 (0.0-1650.0) *

ace ot residence—size Medium city (50,000-100,000) 713 £ 112.7 40.7 (0.0-900.0) * 0.567
Big city (>100,000) 99.4 4+ 187.8 37.1(0.0-1275.0) *
Underweight 77.6 £ 1279 30.2 (0.0-675.0) *

Body mass index Proper body mass index 75.0 £ 130.9 38.3 (0.0-1650.0) * 0.407
Overweight or obese 90.2 + 151.7 31.9 (0.0-900.0) *

Ace Older (>16 years old) 824 +142.6 34.9 (0.0-1650.0) * 0.666

& Younger (up to 16 years old) 74.9 + 128.6 34.9 (0.0-1275.0) * ’

Comprehensive 86.4 + 134.6 43.0 (0.0-1200.0) *

School Vocational 745 + 136.3 29.0 (0.0-1650.0) * 0.010

* non-parametric distribution (verified using Shapiro-Wilk test; p < 0.05).

The total fish (fish and fish products) intake of the participants and their female guardians,
and the correlation between them is presented in Table 5. The total fish intake of female
guardians was declared to be higher among those whose child was female than of those
whose child was male (58.1 g vs. 47.1 g; p = 0.009) (the p-value is not presented in the table).
Also, the intake of female guardians of participants from comprehensive schools was declared
to be higher than those of those from vocational schools in the whole group (75.6 g vs. 46.5 g;
p < 0.001), as well as in the subgroup of female (79.1 g vs. 47.7 g; p < 0.001) and male (65.1 g vs.
40.7 g; p = 0.003) participants. The intake of the female guardian and the intake of the child
were correlated in the whole group, as well as in all subgroups (p < 0.001).
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Table 5. The weekly total fish (fish and fish products) intake of the participants and their female guardians and the correlation between them.

Intake—Child, Grams/Week

Intake—Female Guardian,

Female Guardians’
Intake Differences

Correlation Child—Female

Grams/Week . Guardian
Subgroups in Subgroups
Median Median
Mean + SD (Min-Max) Mean & SD (Min-Max) 4 R p
Total 77.6 £ 131.8 34.9 (0.0-1650.0) * 107.2 £ 158.5 55.8 (0.0-1575.0) * - 0.4563 <0.001
All (female and Age Younger (&P:%;g)years old) 73.5 4 122.0 349 (0.0-1275.0)* 1016 +151.6  47.7 (0.0-1575.0) * 0.256 0.4442 <0.001
mal'(e adcilgggnfS) Older (>16) (n = 626) 81.6 & 140.9 34.9 (0.0-1650.0) * 113.0 & 165.1 58.7 (0.0-1332.0) * 0.4675 <0.001
n=
Sehool Comprehensive (n = 451) 83.6 4+ 1214 43.0 (0.0-900.0) * 119.7 + 1514 75.6 (0.0-1575.0) * 0.001 0.4795 <0.001
choo Vocational (n = 805) 742 +137.2 26.7 (0.0-1650.0) * 100.3 & 162.1 46.5 (0.0-1332.0) * <U. 0.4361 <0.001
Total 66.0 & 107.6 32.0 (0.0-900.0) * 110.8 + 149.3 58.1 (0.0-1275.0) * - 0.4886 <0.001
Younger ((‘;p_t‘;;;’)years old) 60.6 + 102.3 29.1 (0.0-900.0) * 104.9 + 1325 58.1 (0.0-750.0) * 0.995 0.4914 <0.001
Female adolescents Age Older (>1_ 6 years old) '
(n = 844) . 4y57) 70.6 +111.8 33.1 (0.0-900.0) * 115.9 + 162.1 60.5 (0.0-1275.0) * 0.4852 <0.001
Sehool Comprehensive (n = 338) 75.1 & 119.0 39.5 (0.0-900.0) * 122.4 + 1435 79.1 (0.0-787.5) * 0.001 0.5058 <0.001
choo Vocational (n = 506) 60.0 & 98.9 23.3 (0.0-900.0) * 103.1 + 152.7 47.7 (0.0-1275.0) * : 0.4642 <0.001
Total 101.2 + 168.7 46.5 (0.0-1650.0) * 99.8 & 175.9 47.1 (0.0-1575.0) * - 0.4358 <0.001
Younger ((‘;P_t‘;g’)years old) 94.0 + 146.1 45.3 (0.0-1275.0) * 96.3 + 178.0 45.3 (0.0-1575.0) * 0164 0.4200 <0.001
Male adolescents Age ol d_r (>16) :

(n=412) (ne: 169) 111.6 =+ 196.7 49.3 (0.0-1650.0) * 105.0 + 173.2 58.1 (0.0-1332.0) * 0.4479 <0.001
Sehool Comprehensive (n = 113) 109.2 £ 125.4 74.4 (0.0-600.0) * 111.5 £ 173.1 65.1 (0.0-1575.0) * 0.003 0.4365 <0.001
choo Vocational (n = 299) 98.2 4 1825 39.5 (0.0-1650.0) * 95.4 & 177.0 40.7 (0.0-1332.0) * : 0.4280 <0.001

* non-parametric distribution (verified using Shapiro-Wilk test; p < 0.05).
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Table 6 presents the weekly total fish (fish and fish products) intake of the participants
and their male guardians and the correlation between them. Similarly to the case of the
female guardians, the total fish intake of the male guardians was declared to be higher
among those whose child was female than of those whose child was male (107.0 g vs.
93.0 g; p = 0.012) (the p-value is not presented in the table). Moreover, the intake of male
guardians of participants from comprehensive schools was declared to be higher than of
those from vocational schools in the whole group (125.6 g vs. 83.7 g; p < 0.001), as well as
in the subgroup of female adolescents (119.1 g vs. 88.9 g; p = 0.005) and male adolescents
(139.5 g vs. 65.1 g; p < 0.001). The intake of the male guardian and the intake of the child
were correlated in the whole group, as well as in all subgroups (p < 0.001).

Table 7 presents the participants” weekly total fish (fish and fish products) intake,
the number of points from the fish knowledge test that the participants received, and the
correlation between them. The median number of points from the fish knowledge test in the
whole group was 10.0, and it did not differ among female and male adolescents (p = 0.136)
(the p-value is not presented in the table). However, older participants received more points
than the younger ones in the whole studied group (11.0 points vs. 9.0 points; p < 0.001)
and in the subgroup of female adolescents (11.0 points vs. 9.0 points; p < 0.001), but not
in the subgroup of male adolescents (p = 0.526). Moreover, students from comprehensive
schools received more points than those from vocational schools in the whole studied group
(11.0 points vs. 9.0 points; p < 0.001), in the subgroup of female individuals (11.0 points vs.
9.0 points; p < 0.001) and in the subgroup of male individuals (11.0 points vs. 9.0 points;
p < 0.001). There was a correlation between the weekly total fish intake of the participants
and the number of points they received from the fish knowledge test in the whole studied
group (p < 0.001), but not in all of the subgroups.

Table 8 presents the total fish (fish and fish products) intake in subgroups of partici-
pants stratified by the knowledge of the recommendation for children and adolescents to
eat fish, as well as the recommended frequency of fish consumption. The intake was more
than two times higher among students who knew that it is recommended that children and
adolescents should eat fish (39.5 g vs. 18.6 g; p < 0.001) and also among those who knew
that fish should be eaten more than once a week (58.1 g vs. 25.5 g; p < 0.001) compared to
those who did not provide a correct answer to the analyzed statements.

The weekly total intake of fish (fish and fish products) in subgroups stratified by
the specific fish species declared to be usually consumed by the participants is presented
in Table 9. The total fish intake of participants who declared to usually consume cod,
flounder, halibut, salmon, mackerel, pollock, silver hake, rainbow trout, sardine, pike, sprat,
herring, and tuna was higher than that of those who declared to not usually consume these
species. The biggest differences in fish intake were observed concerning consuming or
not consuming salmon (3.5 times higher fish intake in the salmon-consuming group), cod,
flounder, and rainbow trout (2.5 times higher fish intake in the consuming group), silver
hake (2.4 times higher fish intake in the silver-hake-consuming group), and halibut and
mackerel (2.3 times higher fish intake in the consuming group).
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Table 6. The weekly total fish (fish and fish products) intake of the participants and their male guardians and the correlation between them.

Male Guardians’ . .
Intake Differences Correlation Child—Male

Intake—Child, Grams/Week Intake—Male Guardian, Grams/Week

. Guardian
Subgroups in Subgroups
Median Median
Mean + SD (Min-Max) Mean & SD (Min-Max) 4 R p
Total 764+ 1183 38.3 (0.0-1200.0) * 165.7 £213.7  102.3(0.0-1800.0) * - 0.4084 <0.001
Younger (up to 16 years old)
All (female and Age & (np: 525)y 741+ 1154 39.5 (0.0-1200.0) * 157.1+£192.8 1017 (0.0-1140.0) * 0.423 0.4072 <0.001
mal'(e adcilgsgfnfS) Older (>16) (n = 504) 78.9 + 1214 37.1(0.0-833.2) * 174.7 4 233.3 107.0 (0.0-1800.0) * 0.4070 <0.001
n=
Sehool Comprehensive (n = 380) 89.0 & 135.7 44.7 (0.0-1200.0) * 180.8 £194.0  125.6(0.0-1275.0) * 0.001 0.4274 <0.001
choo Vocational (n = 649) 69.1 & 106.3 31.3 (0.0-840.0) * 156.9 £ 224.1 83.7 (0.0-1800.0) * <U. 0.3913 <0.001
Total 65.0 & 100.8 32.0 (0.0-900.0) * 1763 £2235  107.0 (0.0-1410.0) * - 0.3949 <0.001
Younger (up to 16 years old) 58.6 & 89.3 31.9 (0.0-900.0) * 164.9 £203.7  102.3(0.0-1140.0) * 0.4136 <0.001
Female adolescents Age (n =316) 0.407
(n = 670) Older ((;1_63@3)“ old) 70.8 & 109.9 32.8 (0.0-750.0) * 1865 +£239.7  108.1(0.0-1410.0) * 0.3745 <0.001
Sehool Comprehensive (n = 282) 77.9 +121.8 41.9 (0.0-900.0) * 181.0£199.1  119.1(0.0-1275.0) * 0.005 0.4249 <0.001
choo Vocational (n = 388) 55.7 + 812 23.3 (0.0-555.0) * 173.0 £ 239.9 88.9 (0.0-1410.0) * : 0.3650 <0.001
Total 97.7 + 1432 52.3 (0.0-1200.0) * 145.9 + 192.6 93.0 (0.0-1800.0) * - 0.4626 <0.001
Younger (up to 16 years old) 97.5 + 1434 51.1 (0.0-1200.0) * 1452 +1747  101.1(0.0-1125.0) * 04316 <0.001
Male adolescents Age (n = 209) 0.844
(n=359) Older (>16) 98.0 + 143.4 57.5 (0.0-833.2) * 146.8 + 215.6 87.5 (0.0-1800.0) * 0.5118 0.001
(0 2 150) . . 5(0.0-833.2) . . 5 (0.0-1800.0) . <0.
Comprehensive (n = 98 120.9 + 166.2 79.1 (0.0-1200.0) * 1804 £179.3 1395 (0.0-1125.0) * 0.4265 <0.001
School P <0.001
Vocational (n = 261) 89.0 & 132.9 435 (0.0-840.0) * 132.9 + 196.1 65.1 (0.0-1800.0) * : 0.4648 <0.001

* non-parametric distribution (verified using Shapiro-Wilk test; p < 0.05).
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Table 7. The participants” weekly total fish (fish and fish products) intake, the number of points from the fish knowledge test, and the correlation between them.

. Fish Knowledge . .
. Fish Knowledge Test . Correlation Fish
Fish Intake, Grams/Week (Points, Max = 20) Tc'est Differences Intake-Fish Knowledge
Subgroups in Subgroups
Median Median
Mean + SD (Min-Max) Mean & SD (Min-Max) 4 R p
Total (n = 1317) 78.7 £135.8 34.9 (0.0-1650.0) * 9.5+44 10.0 (0.0-20.0) * - 0.1884 <0.001
Younger (up to 16 years old)
749 £ 128.6 34.9 (0.0-1275.0) * 9.0+44 9.0 (0.0-19.0) * 0.4072 0.201
All (female and Age (n=525) ( ) ( ) <0.001
male adolescents) Older (>16) (n = 504) 82.4 + 142.6 34.9 (0.0-1650.0) * 9.9 +43 11.0 (0.0-20.0) * 0.4070 0.176
School Comprehensive (n = 380) 86.4 £+ 134.6 43.0 (0.0-1200.0) * 10.6 £4.1 11.0 (0.0-19.0) * 0.001 0.4274 0.181
choo Vocational (n = 649) 74.5 + 136.3 29.0 (0.0-1650.0) * 8.8 +4.4 9.0 (0.0-20.0) * <0. 03913 0.180
Total (n = 870) 65.8 +108.9 31.6 (0.0-900.0) * 9.7 +£42 10.0 (0.0-20.0) * - 0.1913 <0.001
Younger ((‘;p_t‘;llé’)years old) 59.4 + 101.2 28.4 (0.0-900.0) * 9.0 +42 9.0 (0.0-19.0) * 0,001 0.2178 <0.001
Age - ’
Female adolescent 8
emale adolescents Older ((;1:63%?)“ old) 712 +114.8 32.8 (0.0-900.0) * 102 £ 4.1 11.0 (0.0-20.0) * 0.1678 <0.001
School Comprehensive (n = 282) 76.2 £123.7 39.5 (0.0-900.0) * 10.6 £4.1 11.0 (0.0-19.0) * 0.001 0.2064 <0.001
choo Vocational (n = 388) 59.0 + 97.5 23.3 (0.0-900.0) * 9.0 +4.1 9.0 (0.0-20.0) * <0. 0.1584 <0.001
Total (n = 447) 103.7 £174.3 46.5 (0.0-1650.0) * 9.1+47 10.0 (0.0-20.0) * - 0.2009 <0.001
Younger (up to 16 years old) " N
Age (& = 209) 98.8 4+ 159.4 45.9 (0.0-1275.0) 89447 10.0 (0.0-18.0) 0526 0.1803 0.004
Male adolescents Older (>16) (n = 150) 110.3 £ 193.0 47.7 (0.0-1650.0) * 92448 10.0 (0.0-20.0) * 0.2267 0.002
School Comprehensive (n = 98) 116.0 £ 159.3 74.4 (0.0-1200.0) * 10.6 = 4.0 11.0 (0.0-18.0) * 0.001 0.1222 0.188
choo Vocational (n = 261) 99.2 +179.4 40.6 (0.0-1650.0) * 851448 9.0 (0.0-20.0) * <U. 0.2214 <0.001

* non-parametric distribution (verified using Shapiro-Wilk test; p < 0.05).
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Table 8. Total weekly total fish (fish and fish products) intake in subgroups stratified by the knowledge
of the recommendation for children and adolescents to eat fish, as well as the recommended frequency
of fish.

Analyzed Knowledge of Fish
Consumption Recommendations

Intake, Grams/Week

Correctness of Answers ; - 14
Mean £+ SD Median (Min-Max)

‘Children and adolescents should Correct answer (n = 991) 82.8 +£129.5 39.5 (0.0-127.0) * 0.001
eat fish’ No correct answer (n = 326) 66.2 +152.9 18.6 (0.0-1650.0) * <U-

‘Fish should be eaten more than Correct answer (n = 439) 113.2 £ 161.1 58.1 (0.0-1275.0) * 0.001
once a week’ No correct answer (n = 878) 61.4 +117.6 25.5 (0.0-1650.0) * <U-

* non-parametric distribution (verified using Shapiro-Wilk test; p < 0.05).

Table 9. The weekly total fish (fish and fish products) intake in subgroups stratified by the specific
fish species usually consumed by the participants.

Total Fish Intake, Grams/Week

Consuming the Given Fish Species Not Consuming the Given Fish Species

Fish Species (n‘/n™) P
Median Median
Mean + SD (Min-Max) Mean £+ SD (Min-Max)
Salmon (590/727) 103.2 £ 137.5 56.9 (0.0-1275.0) * 58.7 &+ 131.2 16.2 (0.0-1650.0)*  <0.001
Cod (410/907) 93.8 & 114.5 58.1 (0.0-750.0) * 71.8 & 1439 232 (0.0-1650.0)*  <0.001
Mackerel (305,/1012) 101.7 + 129.9 58.1 (0.0-750.0) * 71.7 £ 136.9 25.5(0.0-1650.0)*  <0.001
Herring (238/1079) 103.8 £ 135.7 58.1 (0.0-900.0) * 731+ 1353 29.0 (0.0-1650.0)*  <0.001
Tuna (207/1110) 93.8 +119.7 55.8 (0.0-750.0) * 75.8 & 138.5 32.0 (0.0-1650.0)*  <0.001
Pollock (189/1128) 100.4 + 144.8 51.1 (0.0-1200.0) * 75.0 & 134.0 31.9 (0.0-1650.0)*  <0.001
Carp (137/1180) 78.7 &£ 124.3 34.9 (0.0-900.0) * 78.7 &£ 137.1 34.9 (0.0-1650.0) * 0.137
Rainbow trout (salmon

trout) (75,/1242) 141.0 + 1644 83.7 (0.0-840.0) * 74.9 + 133.0 33.1(0.0-1650.0)*  <0.001
Sprat (69,/1248) 100.0 =+ 165.7 46.5 (0.6-900.0) * 77.5 £ 1339 34.8 (0.0-1650.0) * 0.006
Pangasius (basa) (66/1251) 525 4 56.2 29.1 (0.0-270.0) * 80.0 & 138.6 34.9 (0.0-1650.0) * 0.889
Pike (luce) (56/1261) 94.2 £ 126.0 55.2 (0.0-630.0) * 78.0 & 136.2 34.9 (0.0-1650.0) * 0.035
Brook trout (54/1263) 99.6 & 129.0 45.3 (0.1-525.0) * 77.8 & 136.1 34.9 (0.0-1650.0) * 0.062
Za“‘ii;%iege“h) 59.9 + 59.0 41.9 (0.0-339.8) * 79.4 4+ 137.9 34.9 (0.0-1650.0) * 0.194
Halibut (46/1271) 924 4+915 80.2 (0.0-450.0) * 78.2 & 137.1 34.9 (0.0-1650.0) * 0.003
Gilt-head bream (32/1285) 117.1 4+ 194.8 47.1 (0.0-808.0) * 77.7 & 134.0 34.9 (0.0-1650.0) * 0.132
Flounder (29/1288) 98.8 & 108.5 87.2 (0.5-450.0) * 782 + 136.4 34.9 (0.0-1650.0) * 0.016
Sole (29,/1288) 77.7 £ 832 43.0 (0.0-300.0) * 78.7 £ 136.8 34.9 (0.0-1650.0) * 0.137
Perch (28/1289) 131.8 + 269.4 38.4 (0.0-1200.0) * 77.5 + 1314 34.9 (0.0-1650.0) * 0.272
Sardine (27/1290) 145.2 £ 217.5 44.1 (1.4-900.0) * 77.3 £ 1333 34.9 (0.0-1650.0) * 0.049
Silver hake (23/1294) 147.3 £ 210.7 83.7 (0.0-808.0) * 77.4 £ 1339 34.9 (0.0-1650.0) * 0.027
Eel (15/1302) 79.9 + 96.9 47.7 (0.0-300.0) * 78.7 £ 136.2 34.9 (0.0-1650.0) * 0.615
Lemon sole (3/1314) 264+ 456 0.0 (0.0-79.1) * 78.8 & 135.9 34.9 (0.0-1650.0) * 0.200

n°—the number of participants who declared to consume the given fish species; n"—the number of participants
who declared not to consume the given fish species; * non-parametric distribution (verified using Shapiro-Wilk
test; p < 0.05).

4. Discussion
4.1. The Weekly Fish Intake

According to the present study, the median weekly intake of fish and fish products
among Polish youth corresponds to 34.9 g. This is much lower than the average appar-
ent consumption in Poland based on food balance sheets being 256 g/week (13.33 kg
yearly) [47], but it also seems to be lower than according to household budget surveys,
which state that the average fish and seafood intake is 65 g/week (280 g monthly) [48]. This
might indicate that the fish intake is lower among Polish youth than in the whole Polish
population. However, in the present study, only questions about fish and fish products in-
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take were posed, not about other seafood, while the food balance sheets and the household
budget surveys concern all—fish and other seafood.

What should be underscored, however, is that in the present study, a possible underes-
timation bias is possible due to poor memory or the fact that some dishes containing fish
might not be recognized as sources of fish in diet (e.g., fish casseroles, wraps with smoked
salmon, or fish soup). On the other hand, the method used to estimate fish consumption
in the study, a kind of simple version of the food frequency questionnaire (FFQ), usually
tends to overestimate food intake [49].

Nevertheless, other research also shows that low fish intake is more frequent in chil-
dren and adolescents than in adults [50,51]. In the USA, in the years 2013-2016, one in five
adults consumed seafood (including fish) at least two times per week, while among youth
aged 2 to 19 years, it was observed in only one in eighteen [50]. The 2005-2010 National
Health and Nutrition Examination Surveys (NHANES) in the United Kingdom also in-
dicated that the lowest fish consumption was observed among younger individuals [51].
Moreover, the German VeChi Youth Study indicated that the average fish intake in children
and adolescents is often 0.0 g/day, even among omnivores [52].

Looking at the median fish consumption in the studied group, being 34.9 g/week, the
fish intake among Polish youth needs to increase more than eight times to reach the recom-
mended minimum fish intake of 300 g per week/capita [17,19]. However, more importantly,
considering the proportion of individuals who do not reach the recommendations [17,19], 94%
of Polish youth should increase their fish intake to at least 300 g weekly. Considering the two
times lower threshold of the recommended weekly fish consumption, namely, 150 g [10,15],
fish intake should be increased by 87% of participants to reach it.

4.2. Differences in Fish Intake Depending on Gender

In the present study, male adolescents consumed almost 50% more fish and fish
products than female adolescents (46.5 g vs. 31.6 g weekly). This is very much in line
with the results from the German EsKiMo study according to which boys also consumed
50% more than girls—the median weekly intake among boys was 42 g, while among girls
28 g [53]. The higher fish intake among males, even though many studies indicate that
women often have healthier food choices than men [54-56], might be due to the fact that
men simply consume bigger food portions [57,58] and more energy [59], but also more
animal protein [60] than women.

Being an important source of essential nutrients such as vitamin D, iodine, selenium,
and n-3 polyunsaturated fatty acids [6], fish and its consumption might play a role in reach-
ing or not reaching their recommended intakes. Because the nutritional recommendations
for the mentioned nutrients do not differ among genders [22], the results from the present
study indicate that it might be easier for male youths to reach the recommendations owing
to their higher fish consumption compared to females. It should also be noted, however,
that even though in the present study the total fish intake was higher in male than in female
participants, in both cases, it was very low.

4.3. Frequency of Fish Intake

The recommendation to consume fish at least 1-2 times a week [10,15] in the present
study was followed by only 13.0% of participants, while 16.5% of them declared not to
consume fish at all. Nevertheless, the majority (70.2%) declared to consume fish only
occasionally—three times a month or less. In a study conducted among 4-6-graders from
a primary school in a coastal city in Poland, 44.5% of the pupils claimed to consume fish
1-2 times per week, 26.2% not to consume fish at all, and 14.1% less than once per week [61].
In a group of Polish 17-18-year-old females, only 8.7% reported frequent (2 to 3 times per
week) fish consumption, 49.1% of them reported consuming fish once per month, and 42.2%
once per week [62]. Moreover, in another study among Polish young adults aged 20-26,
nine percent of them declared to consume fish and fish products several times a week,
31.5% once a week, 53.5% three times a month or less, and 6% declared not to consume fish
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at all. Interestingly, more men than women declared to consume them several times a week
and once a week [55].

4.4. Fish Intake and Fish Knowledge

To increase fish intake, national educational campaigns concerning its benefits were
introduced in Poland in the years 2008-2009 by the Ministry of Agriculture and Rural
Development and were entitled ‘Fish affects everything’. According to the governmental
data, an increase in fish and fish products intake was observed afterward—the annual
mean fish intake in the year 2007 was 12.91 kg/person, while in the year 2008, it was
13.67 kg/person [63]. This is in line with the present study concerning the association
between fish knowledge and fish intake. Adolescents who received more points from
the fish knowledge test consumed more fish than their peers who received fewer points
(p <0.001). This was stated for the whole studied group as well as for almost all the
analyzed subgroups. What might seem obvious is that older pupils’ knowledge was greater
than the younger ones.

However, a less obvious observation was made concerning the type of school the
participants attended. Those who attended comprehensive schools received more points
than those from vocational schools. This is in line with the latest available data for the pass
rate for the high school graduation exams in Poland, according to which 90% of pupils who
attended comprehensive schools passed the exam, while in vocational schools in the same
year, it was 79% [64]. This might indicate the fact that the level of education in Poland is on
average higher in comprehensive schools compared to vocational schools, and the general
education level probably influences the fish knowledge level. What should not be forgotten,
however, is that the teaching in vocational schools focuses more on hands-on learning;
hence, pupils from these schools are expected to have a wider knowledge concerning
technical or professional issues.

What is more, when analyzing the two statements concerning fish consumption
recommendations, it was stated that the median total fish intake was more than two
times higher among those participants who knew that it is recommended that (1) children
and adolescents should eat fish and that (2) fish should be eaten more than once a week.
A recent intervention study from Indonesia indicated that nutritional education does
increase fish consumption in children aged 10-12 [65], while a cross-sectional study from
Italy and Croatia indicated that subjective knowledge concerning fish is an important
predictor of fish consumption [66]. Similarly, according to the results from a consumer
study conducted among adults living in Belgium, the Netherlands, Denmark, and Poland,
subjective knowledge was a strong predictor of fish consumption [67]. Therefore, it can
be supposed that nutritional education interventions aiming at improving adolescents’
knowledge of fish consumption and its benefits could also result in a higher fish intake in
this vulnerable group.

4.5. Determinants of Fish Intake

Children’s food choices depend highly on their parents’ food habits and thus food
availability at home [68], whereas in the adolescence period, when independence and time
spent with peers increases, social norms of food choice start to be more important [69] and
influence the youth’s food intake [70]. The relationship between what children and adolescents
eat with what their parents/legal guardians consume was observed in the present study, in
which a correlation was seen for both male and female guardians. Hence, it seems that
children’s fish intake is determined by their parents’/legal guardians’ fish intake.

A crucial reason for this correlation might be fish accessibility at home. It is well known
that food accessibility has a significant influence on its consumption when it comes to fruits
and vegetables [71]; hence, it might also be one of the causes concerning fish. Another
possible reason could be the extent of the early life exposure to fish and consequently devel-
oping a liking for fish or not developing it, which seems to be true for fruits [72]. Moreover,
familiarity with fish might play a role in consuming or not consuming it. Having more
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opportunities to taste unfamiliar foods results in increased liking and consumption [73];
hence, parents who themselves consume fish and provide opportunities for their offspring
to consume it too, might, owing to this, increase their children’s liking and consumption
of fish.

It is well known that food behaviors at home as well as early-life experiences concern-
ing food taste and flavors have a significant influence on children’s future lives [74]. Other
studies show a similar pattern concerning other food groups—providing fruit and vegeta-
bles at home and consuming fruit by the parents were associated with children’s healthy
food choices such as consumption of fruit, vegetables, and whole grain cereal. On the
other hand, parenting patterns such as allowing unhealthy snacks, providing an abundance
of unhealthy foods at home, and rewarding with snacks and screen time was correlated
with children’s higher consumption of snacks and fizzy drinks [68]. This highlights the
importance of providing healthy, nutritious food products at home when the children are
still small and can become accustomed to different tastes. Fish and fish products being
consumed below the recommendations should be part of these food products.

Although it was hypothesized that other factors associated with fish intake in the
youth would be their place of residence (region as well as the size of the locality), body mass
index, and age, this was not the case in the studied group. Concerning the place of residence,
Polish national household data on fish consumption indicate that while the average monthly
consumption of fish and seafood in the whole country is 280 g/capita/month, for the
different regions it varies from 210 g to 380 g [48]. This might indicate that there are regional
differences in fish consumption. However, the data presented by Rogaliriska et al. [48] do
not specify whether the differences in fish consumption among the various regions are
statistically significant or not. Moreover, it cannot be forgotten that household data do not
take into consideration the fact that some of the purchased food is thrown away, or given to
animals or guests, as well as that it is an average for all people living in a household, without
differentiating that some of them might consume more than the others. In the UK National
Diet and Nutrition Survey, which assessed oily fish intake across the lifespan, it was found
that there was a substantial difference in fish intake between children, adolescents, and
adults. While only 12.7% of children aged 4-11 and 13.2% of adolescents aged 12-19 were
oily fish consumers, in the group of adults aged 30-39, the share was 26.5% [75]. This
indicates that fish intake might increase with age, and therefore while the average fish and
seafood consumption based on national household surveys is 280 g/capita/month [48], it
is probably higher than that among older adults and lower among adolescents, who were
surveyed in the present study.

When it comes to the size of the locality, some studies indicate that there is a corre-
lation between the degree of urbanization and fish intake, as observed in the study by
Klatka et al. [76], or that fish intake is higher in urban than in rural areas, as observed in
the study by Petrenya [77]. However, although the study by Klatka et al. [76] concerned
Polish adolescents and young adults aged 15-29 years old, only secondary data were used
for the analyses, and the fish consumption data concerned the whole Polish population,
which is not very precise. Moreover, an analysis of fish consumption drivers in different
parts of the world found that while urbanization is an important fish consumption driver in
poorer regions such as Africa and Bangladesh, it is not in others [78]. Therefore, the fact that
in the present study, no differences in fish intake were observed concerning the size of the
locality might result from the fact that Polish villages, and small, medium, and big cities do
not differ from each other, which is the opposite to poorer parts of the world [78].

Surprisingly, in the present study, fish intake did not turn out to be associated with the
participants’ body mass index. Even though one might believe that due to the numerous
health benefits of eating fish [6-9], higher fish intake might be connected to having a proper
body mass index, the results from the European Prospective Investigation into Cancer and
Nutrition (EPIC) showed neither a relation between higher fish intake and lower body
mass [79], nor between higher fish intake and waist circumference [80]. In the present
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study, another explanation of no differences might also simply be the fact that fish intake is
in general very low among secondary school students.

Apart from gender, which cannot be influenced, the two main determinants were their
parents’/legal guardians’ fish intake and their knowledge of fish intake benefits and safety
concerns. Since the fish intake of parents and legal guardians is challenging to alter, it
seems to be crucial to focus on youth knowledge in the first place.

In light of the results of the present study showing that fish intake among Polish youth
is below the recommendations and that it is determined by parents’/legal guardians’ fish
intake and the knowledge of fish consumption benefits and safety, and the indications that
nutritional education can increase fish intake [63,65,81], more attention should be given to
increasing the adolescents’” knowledge of fish consumption benefits. It should be addressed
especially to young adolescents who consume less fish than male adolescents, as well as
those who attend vocational schools.

4.6. Fish Species Declared to Be Usually Consumed

Fish species that were the most commonly indicated, as well as discriminative for the
total fish intake were salmon, cod, mackerel, herring, tuna, and pollock. Salmon, mackerel,
and herring contain more than 10 g of fat in 100 g of fish [38], and thus are considered fatty
(oily) fish, while cod, tuna, and pollock contain below 1.5 g of fat in 100 g [38], and are
therefore considered lean (often called white) fish. Importantly, due to their higher n-3 fatty
acids content, fatty fish are distinguished from the whole group of fish in numerous dietary
recommendations [10,12,14,17].

In the present study, the most frequently chosen fish species was salmon (45% of
participants declared to choose it), which, apart from containing significant amounts of
n-3 fatty acids, also contains high amounts of vitamin D (13 ug/100 g) [38]. Moreover,
what should be noted, salmon (wild and farmed) is one of the species containing very little
mercury (<0.1 ug/g) and very little-to-little dioxins (<0.5 to 0.5-4 pg Toxic Equivalent
(TEQ)/g depending on the type), and was classified to the first and first/second group,
respectively, when it comes to the smallest content of those contaminants [82]. That is why
the Food and Agriculture Organization (FAO) of the United Nations and the World Health
Organization (WHO) recommended salmon as a fish species whose consumption has more
benefits than risks [82]. Based on the above, it seems beneficial that, when consuming fish,
many youths choose salmon, despite not reaching the recommended fish intake amounts.

4.7. Limitations of the Study

Although the conducted study presents novel observations, some limitations of the
study should be listed. Firstly, the acquired data were self-reported for adolescents and
proxy-reported for their parents/legal guardians and retrospective, which may provide
less accurate data than, e.g., a dietary record. However, due to the nationwide design of the
study, as well as the fact that the collected data concerned fish, which is often not consumed
on a daily basis, using a different method (e.g., 24 h dietary recall or the 3-day dietary
record) would not have been possible (but it would be valuable to assess the fish intake
while comparing it with the total daily intake of other food products). So as to minimize the
inaccuracy of the data, much attention was given to the thorough preparation of questions
and additional clues (e.g., highlighting which type of fish is asked in a specific question),
as well as providing fish and fish products pictures with the corresponding weight to aid
in the accurate estimation of fish and fish products intake. Moreover, the influence of
confounding variables was not taken into account in the analyses, and the study must be
seen as a descriptive one.

Another limitation is that no questions were posed concerning the reasons for con-
suming or not consuming fish nor about being vegan or vegetarian, which might have
enriched the results and helped establish recommendations for increasing fish consumption.
However, making the questionnaire too long might have resulted in a lower response rate;
hence, such questions were decided not to be asked. Last but not least, taking part in the



Nutrients 2024, 16, 853 18 of 22

study was voluntary; therefore, despite aiming for representativeness, due to an insufficient
response rate within the study, the gathered data do not come from a representative sample.
Nevertheless, it succeeded in gathering data from all macroregions of Poland, and the
analysis was performed for more than 1300 adolescents.

Considering the importance as well as the novelty of the results from the present study, it
would be worthwhile to conduct similar studies in countries with different dietary patterns.

5. Conclusions

The median total fish consumption was 34.9 g/week, while 94% of participants did
not meet the recommended fish intake of 300 g/week. Considering the two times lower
threshold of 150 g/week, 87% of participants did not reach it. The fish consumption among
males was higher than among females, and pupils from comprehensive schools reported
higher intakes than those from vocational schools. The two main factors determining
the participants’ total fish intake were their knowledge of fish intake benefits and safety
concerns, and their parents’/legal guardians’ fish consumption. Nutritional education
considering fish consumption benefits and recommendations is needed to increase fish
intake in the vulnerable group of Polish youth.
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Abstract: Background/Objectives: Young women are often at risk of vitamin D deficiency, while
fatty fish can provide significant amounts of it, which is especially important when no vitamin D
skin synthesis is possible due to limited sunshine exposure. This study aimed to analyze the impact
of increasing the intake of salmon in various forms (smoked salmon, salmon sausages) on vitamin
D status of young women in autumn. Methods: The 8-week intervention involved 120 non-obese
women, aged 20-25 years. Participants were randomly assigned to one of three groups: smoked
salmon (25 g/day), salmon sausage (100 g/day), or a control group. Both intervention products
provided approximately 5 ug of vitamin D daily. Serum concentrations of 25(OH)D as well as
vitamin D intakes were assessed pre-, mid-, and post-intervention. Results: The median vitamin
D intake at baseline was 2.7-3.4 nug/day and did not differ between the groups (p > 0.05), while
during the intervention, it was highest in the smoked salmon group (p < 0.001) and amounted to
7.3 ug/day. While all groups experienced a decrease in 25(OH)D serum concentrations, the decrease
was significantly smaller in the salmon sausage group compared to the control group (—4.3 vs.
—15.0 nmol/L, p < 0.05), and no significant difference was observed between the smoked salmon
and control group after 8 weeks (p > 0.05). Moreover, in the salmon sausage group, the intervention
was more effective among participants with an inadequate vitamin D status at baseline (25(OH)D
change after the intervention: —3.0 vs. —5.4 nmol/L, p < 0.05; inadequate vs. adequate baseline
vitamin D status). Conclusions: Increasing the intake of salmon, and hence of vitamin D, was not
enough to maintain the vitamin D status of young women in autumn. It seems that other, not-yet-
fully-understood factors, may influence vitamin D absorption and/or metabolism, thereby affecting
the outcomes of such interventions indicating that further research is needed. Nevertheless, it may
be concluded that increasing salmon sausage intake might aid slow down the natural decline of
25(OH)D in young women in autumn.

Keywords: vitamin D deficiency; 25(OH)D; salmon sausage; smoked salmon; Salmo salar; fish intake;
fish intervention; vitamin D bioavailability

1. Introduction

Vitamin D is a multipotential nutrient that is proven to be effective in the treatment and
prevention of numerous diseases and conditions [1]. Above all, it promotes calcium and
phosphorus absorption in the gut ensuring their adequate concentrations are maintained.
As a result, it is essential for the growth and remodeling of osteoblasts and osteoclasts [2],
leading to a positive correlation between vitamin D status and bone health, as stated in
a meta-analysis by Segheto et al. [3]. Other recent meta-analyses indicate that several
diseases can be alleviated or prevented with vitamin D supplementation, including type 2
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diabetes [4], cancer [5], depression [6], COVID-19 [7], and acute respiratory infections [8].
Therefore, vitamin D can be used as a dietary-based prevention and treatment means.

The main source of vitamin D for humans is the skin synthesis of cholecalciferol
from 7-dehydrocholesterol which is a result of UVB radiation (290-320 nm) during sun
exposure [9]. However, it is highly dependent on the latitude, the season, and the time of
the day, which results in the fact that in countries located in a moderate climate, vitamin D
skin synthesis is possible only from April to October [10]. The other vitamin D sources are
dietary. It naturally occurs in fish, eggs, some mushrooms, meat, milk and milk products,
but it is also added to food products during production and can hence be found in fortified
foods such as margarine or breakfast cereals [11]. What should be underlined, however, is
that the best (concerning the amount of vitamin D and the serving size ratio) dietary vitamin
D source seems to be fish [12]. Nevertheless, the vitamin D content varies significantly
depending on the species—while it can amount to high levels such as in the case of eel
(Anguilla anguilla)—30 ng/100 g, herring (Clupea harengus)—19 pg/100 g or salmon (Salmo
salar)—13 ug/100 g, other fish species such as cod (Gadus morhua) or flounder (Platichthys
flesus) contain almost no vitamin D (1.0 ug/100 g and 0.8 ug/100 g, respectively) [12].

Importantly, while it is often stated that improper vitamin D status is a global prob-
lem [13], there is no consensus on the definition of vitamin deficiency. While some au-
thorities, such as the United States (US) National Institute of Health [14] and the United
Kingdom Royal Osteoporosis Society, define it as a 25-hydroxyvitamin D (25(OH)D) serum
concentration lower than 30 nmol/L (12 ng/mL) [15], others, such as the European Food
Safety Authority (EFSA) [16] and the joint expert panel responsible for the Polish recom-
mendations, indicate a higher threshold—namely 25(OH)D serum concentration lower
than 50 nmol/L (20 ng/mL) [17]. Therefore, depending on the threshold used in analyses,
the prevalence of vitamin D deficiency in a population varies greatly. For instance, the
prevalence of vitamin D deficiency based on data from 14 European countries was 13%
considering the threshold of 30 nmol/L, and 40.4% for the 50 nmol/L threshold [18]. What
should be underscored, however, is that the prevalence of vitamin D deficiency appears to
be even higher among young European women [19,20]. Poland is not an exception, as 22%
of females were found to have their vitamin D levels lower than 25 nmol/L [21].

To combat vitamin D insufficiency, some recommendations include supplementing the
diet with vitamin D supplements throughout the entire year [17] or specifically during au-
tumn and winter months, when the skin synthesis of vitamin D is significantly reduced [15].
However, some studies demonstrate a positive effect of dietary interventions in improving
vitamin D status without the use of supplements. For example, incorporating 450 g of
salmon weekly into the diet increased the 25(OH)D serum concentration in adults following
an energy-restricted diet [22], consuming seafood (mainly fatty fish) three times a week
increased 25(OH)D serum concentration in Norwegian individuals [23], and consuming
60 g of vitamin D3-enriched Gouda cheese daily effectively increased 25(OH)D serum con-
centrations in women in Greece during the winter [24]. On the other hand, some research
showed no effect from the studied intervention. For instance, no increase in vitamin D
status was observed in overweight/obese adults in Norway even when consuming 750 g of
salmon weekly [25], and there was even a decrease in 25(OH)D serum concentration after
4 weeks of consuming 50 g of smoked salmon daily in young Polish women in the Vitamin
D in Salmon (VISA) study [26]. This is summarized in the conclusions from the meta-
analysis by Lehmann et al. [27], which indicate that consuming fish increases 25(OH)D
serum concentration, but the type of fish (fatty or lean) and the length of the intervention
play a vital role in its efficacy.

Considering that young females are especially at risk of vitamin D deficiency, as well
as the inconclusive intervention studies aiming at improving vitamin D status, the present
study aimed to analyze the impact of increasing the intake of salmon on the vitamin D
status of young women in autumn, when sunshine exposure is limited. An additional
goal of the study was to evaluate various forms of salmon, such as smoked salmon and
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salmon sausages, which contain significant amounts of vitamin D but differ in form and
nutritional value.

2. Materials and Methods
2.1. General Information

The Vitamin D in Salmon Part 2 Study (VISA 2 study) was conducted in the Dietetic
Outpatient Clinic of the Department of Dietetics, Warsaw University of Life Sciences
(WULS-SGGW) in Poland. Since the VISA 2 study was a follow-up of the previously con-
ducted VISA study [26] the study participants, as well as the study design were as similar
to the VISA study as possible. Nevertheless, the VISA 2 study included two intervention
groups and one control group, in comparison to the VISA study, due to the additional
comparison of the different forms of salmon (smoked salmon and salmon sausages).

The VISA 2 study was conducted according to the guidelines of the Declaration of
Helsinki. It was approved by the Ethics Committee of the Faculty of Human Nutrition and
Consumer Sciences of the Warsaw University of Life Sciences (No. 27/2018) and the Ethics
Committee of the Central Clinical Hospital of the Ministry of Interior and Administration in
Warsaw (No. 2/2021). The study was not recorded on any dedicated trial register platforms.
All the study participants provided informed consent for participation in the study and all
its procedures, and they were allowed to withdraw at any time.

2.2. Studied Group

Study participants for the research were recruited using the convenience sampling
procedure. The invitation to take part in the study was announced on university social
media, while the snowball effect was also allowed. The inclusion criteria were females,
18-30 years old, living in Warsaw or its surroundings (making it possible to visit the Dietetic
Outpatient Clinic of the Department of Dietetics, Warsaw University of Life Sciences
(WULS-SGGW) several times during the study) and written informed consent to participate
in the study. The exclusion criteria were as follows: pregnancy, lactation, obesity (defined
as BMI > 30.0 kg/m?), following a vegan or any other fish-excluding diet, using vitamin
D supplements at least 3 weeks before the study beginning, fish and/or seafood allergy;,
diseases which influence vitamin D metabolism, using medications which influence vitamin
D metabolism, planned travels to places based below the 40th parallel north and planned
solarium ultraviolet radiation exposure during the study time.

In total, 120 women met the inclusion criteria and were randomly assigned to one of
three study groups (group 1—Smoked salmon group, group 2—Salmon sausage group,
and group 3—Control group) with 40 participants in each group. The random assignment
was performed using stratified block randomization, with stratification based on baseline
25(0OH)D concentration. This allocation ensured that the baseline mean 25(OH)D concentra-
tions were similar across the groups. Additionally, the baseline mean BMI was comparable
across the groups; therefore, no further adjustments to the three study groups were made.

The study participants did not obtain any monetary compensation for taking part in
the study. However, as part of the study, they received free medical evaluation of their
25(OH)D serum concentration and body composition (both three times at three time points).
Also, participants in the intervention groups were given the intervention products at
no cost.

2.3. Dietary Intervention

The fish intake was planned to be 175 g of smoked salmon weekly to align with fish
intake recommendations, which in most European countries and the USA are approximately
150-300 g weekly [28]. This amount was also stated to be potentially easily incorporated
into daily life. The quantity of salmon sausages was adjusted to ensure similar vitamin D
intakes in both intervention groups, averaging around 5 nug per day, resulting in a final
amount of 700 g of salmon sausages per week. Specifically, the daily vitamin D content
in the intervention products was calculated as 4.4 pg in salmon sausages and 5.3 ug in
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smoked salmon. This amount of vitamin D covers around one-third of the recommended
adequate intake in Poland, which is 15 ug [29].

Taking into account the described assumptions, depending on the assigned group,
each woman was asked to incorporate into her diet 25 g of smoked salmon (group 1) or
100 g of salmon sausages (2 sausages; group 2) daily or not to change anything in her
diet (group 3). Participants from groups 1 and 2 were allowed alternatively to consume
twice the daily portion every second day, namely: group 1-50 g of smoked salmon, and
group 2-200 g of salmon sausages (4 sausages), if needed. Due to that, it was assessed
whether there were differences concerning the frequency of consuming the intervention
products daily or every second day between the two intervention groups. Indeed, there
were statistically significant differences (p = 0.002) between the groups. Participants in the
salmon sausage group consumed the intervention product more frequently on a daily basis
compared to those in the smoked salmon group (44.5% vs. 18.5%, respectively). Conversely,
participants in the smoked salmon group consumed the product more often every second
day compared to those in the salmon sausage group (52.5% vs. 11.0%, respectively). The
remaining participants did not report a fixed frequency of consumption.

In the case of omitting the salmon/salmon sausage consumption, participants were
asked to consume them as soon as they could for the total salmon/sausage intake to be
similar among the whole group. Participants were allowed to consume the intervention
products as they were, as well as to cook them in water, fry, or bake them. Apart from the
intervention, study participants were instructed not to alter their habitual diet regarding
fish and any other products. They were asked not to exclude or add fish to their diet in a
way that would disrupt their usual eating patterns. Therefore, participants in the control
group could incorporate any fish, including salmon, into their diet, while participants in
the intervention groups could consume additional fish, including salmon, only if it aligned
with their general dietary patterns.

Based on the indication that fasting conditions (i.e., gastric pH = 1) enhance vitamin
D bioaccessibility [30], an additional chi-square analysis concerning the frequency of
consuming the intervention product on an empty stomach (as part of the first meal of the
day) was conducted. However, no differences were seen between the smoked salmon and
the salmon sausage group (55% vs. 63%, p = 0.714, respectively).

Both the smoked salmon and the salmon sausages that were used for the study were
obtained from one producer, one of the leading salmon sellers in Poland (Suempol Polska
Ltd.). The provided products were obtained from the same batch in identical sliced trays
(smoked salmon) or identical sausage trays (salmon sausages) and modified atmosphere
packaging. Both the smoked salmon and the salmon sausages were produced from farmed
Atlantic salmon (Salmo salar) from Norway. Importantly, Atlantic farmed salmon is a fish
species that contains very low levels of mercury and dioxins. It has been classified by the
FAO/WHO expert consultation into the first and second groups, respectively, for having
the lowest concentrations of these contaminants. This, along with its high concentrations
of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), led the FAO/WHO
to state that the benefits of consuming Atlantic farmed salmon outweigh the potential
risks associated with the contaminants [31]. Due to the large variations in the content of
vitamin D in different salmons [32], the vitamin D content was measured in the products
by a leading vitamin laboratory in Europe—Eurofins Vitamin Testing Denmark (EN 12821:
2009-08 [33], LC-DAD, accredited methodology no. 581). The nutritional value of the used
smoked salmon and salmon sausages is presented in Table 1.
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Table 1. Nutritional value of the smoked salmon and salmon sausages used in the intervention
(presented per 100 g, corresponding to the daily serving of salmon sausage and four daily servings of
smoked salmon planned within the dietary intervention).

Smoked Salmon, 100 g Salmon Sausage, 100 g

Energy, kcal 176.0 241.0

Fat, g 9.9 16.7
Saturated fatty acids, g 1.7 2.6
Carbohydrates, g 1.0 114
Protein, g 20.1 11.6
Salt, g 1.7 15

Omega-3 fatty acids, g 14 -
EPA + DHA, mg 610 360
Vitamin D3, ug 21.3 £5.55 441 +1.15

EPA + DHA—the sum of eicosapentaenoic (EPA) and docosahexaenoic (DHA) acid.

The ingredients of the smoked salmon used in the intervention were Atlantic salmon
(Salmo salar) and salt, while of the salmon sausages were Atlantic salmon (Salmo salar) 85%,
water, salt, spice extracts, glucose, flavors, potato starch, plant fibers, pea starch.

Because pH appears to influence vitamin D bioavailability and/or absorption [30],
the pH of the smoked salmon and the salmon sausages used in the intervention was also
assessed. The pH measurements were conducted using a potentiometric method with a
hand-held pH meter (Testo AG 205, Lenzkirch, Germany) calibrated against two buffers
(pH =4.01, pH = 7.00). Each product was analyzed in at least five repetitions. The median
pH of the salmon sausages was slightly higher than that of the smoked salmon (6.49 vs.
6.15; p = 0.004; U Mann-Whitney test), indicating that the smoked salmon was slightly
more acidic. However, analyses show that there are no differences in vitamin D stability at
pH values between 5 and 8, suggesting that the pH of the used products should not have
been a confounding factor [34].

To increase the intervention compliance and to ensure that study participants con-
sume fish products with the same nutritional value, the products were provided to the
participants and financed as part of the intervention. Participants were asked to pick
the products up every two weeks at the Dietetic Outpatient Clinic of the Department
of Dietetics, Warsaw University of Life Sciences (WULS-SGGW), where the study was
conducted. Moreover, to minimize the bias associated with forgetting to consume the given
products, they completed a control sheet daily, reporting the products consumed as part
of the intervention. During the study, every time the participants collected the packages
of the intervention products, they handed in the control sheet and were asked whether
they had managed to consume the products, at what frequency (daily or every second day)
they consumed them, how they liked them, and how they were feeling concerning the
intervention.

2.4. Measurements
2.4.1. Vitamin D Status

The study was divided into 2 parts, 4 weeks each, to verify the status of the partici-
pants in the middle of the intervention and after the whole intervention. Therefore, the
participants had their vitamin D status measured three times—before the intervention (at
baseline), 4 weeks after the beginning of the intervention (in week 5), and after 8 weeks of
the intervention (in week 9). Likewise, the anthropometric measurements were performed,
and the participants filled in the questionnaire assessing vitamin D intake also before,
during (in week 5), and after the intervention (in week 9).

Vitamin D status was assessed based on the total 25(OH)D serum concentration.
Venous blood samples were drawn by specialized nurses at four certified medical analysis
laboratories in Warsaw (ALAB Laboratoria Ltd.), and the participants were able to choose
their preferred location. The participants did not have to be in a fasting state for the blood
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collection. The total 25(0OH)D serum concentrations were assessed on an Abbott’s ALINITY
I analyzer using the direct chemiluminescence method. Because the definitions of vitamin
D sufficiency differ between authorities [35], the obtained results of the total 25(OH)D
serum concentrations were compared to two different reference value ranges, as follows:

e <50 nmol/L—inadequate, 50-250 nmol/L—adequate, >250 nmol/L—potentially

toxic [15,16];

e <75 nmol/L—inadequate, 75-250 nmol/L—adequate, >250 nmol/L—potentially

toxic [17].

Not to influence the results of the study (especially concerning the intake of vitamin
D-rich foods and the intake of vitamin D supplements) as well as to increase adherence,
the participants were provided with their 25(OH)D serum concentration results only after
the study finished.

2.4.2. Anthropometric Measurements

Anthropometric measurements were conducted using ACCUNIQ BC720 (Selvas
Healthcare, Daejeon, Republic of Korea), which enabled the measurement of body weight
with a calibrated scale (accuracy: £ 0.5 cm, range: 10-270 kg) and height with a calibrated
ultrasound stadiometer (accuracy & 0.1 cm, range: 50-220 cm), as well as the estimation of
soft lean mass (SLM), total body water (TBW), fat mass (FM), free-fat mass (FFM) and skele-
tal muscle mass (SMM). Body weight and height measurements were performed according
to commonly accepted protocols [36], and the body mass index (BMI) was calculated using
the Quetelet equation [37]. The ACCUNIQ BC720 makes the body composition estimations
based on bioelectrical impedance measurements (range: 100-950 (1), with eight electrodes,
using six different frequencies (1, 5, 50, 250, 550, 1000 kHz), which are then recalculated by
the built-in program into the different body parts weights.

The study participants were instructed on how to prepare for the measurement, in-
cluding abstaining from alcohol for 24 h before the test, avoiding intensive physical activity
on the day of the examination, refraining from drinking fluids for 3 h prior, not eating for
4 h before, urinating just before the measurement, wearing light clothing without metal
parts (such as a wireless sports bra), and removing any metal items (e.g., jewelry, watches).
For the measurements, each participant came in individually to ensure privacy, and, before
the measurements, it was made sure that they were correctly prepared concerning the
above-written instructions. Participants were then asked to remove heavy clothing such
as jumpers, etc., as well as socks or thighs, to step on the device barefoot, place their
feet on the electrodes (visible metal parts), and stand still. After the weight and height
measurements were conducted, the participants were asked to take the electrode handles so
that all fingers touched the electrodes (visible metal parts). The device transmitted a current
of 180 pA, which enabled the body composition measurements. After the measurements,
the participants were asked to step off the device and dress. The assumed clothing weight
was 0.5 kg, which was automatically subtracted by the built-in program.

Participants were provided only with their weight and height results during the
measurement, while all the body composition results were given to them after the study
finished to increase adherence. The anthropometric measurements were carried out in
the Dietetic Outpatient Clinic of the Department of Dietetics, Warsaw University of Life
Sciences (WULS-SGGW).

2.5. Questionnaire

To assess vitamin D intake, all participants filled in an adjusted version of the Vitamin
D Estimation Only—Food Frequency Questionnaire (VIDEO-FFQ) which had previously
been validated among young women aged 20-30 years [38]. Since salmon sausages are
not included in the questionnaire, an additional question regarding the intake of salmon
sausages was included in the questionnaire to assess vitamin D intake. To calculate the daily
vitamin D intake, the given formula [38] was adjusted by adding the vitamin D intake from
the salmon sausages to the sum—assuming that 100 g of salmon sausages (daily portion)
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provided 4.41 pg of vitamin D (as shown in Table 1). Moreover, the vitamin D content
in the specific smoked salmon used in the intervention was 21.32 ug /100 g (as shown in
Table 1), whereas the original version of the questionnaire [38] assumed a mean content
of 15 ug/100 g. Therefore, the actual measured vitamin D content (21.32 pug/100 g) was
used in the formula to calculate the daily vitamin D intake for all smoked salmon portions
consumed by participants in the smoked salmon intervention group. The questionnaire
was prepared in Google Forms, while the link to it was sent to the participants via email.

For the analysis, fish intake, fish product intake, and the total fish and fish product
intake were calculated based on the questions and answers from the adjusted version
of the VIDEO-FFQ. Just like in the case of the VIDEO-FFQ [38], fish (fresh and smoked)
were grouped into these with a high vitamin D content (>15 nug/100 g; salmon (Salmo
salar), rainbow trout (Oncorhynchus mykiss), herring (Clupea harengus), and eel (Anguilla
anguilla)), with a medium vitamin D content (2.1-8.0 ug/100 g; halibut (Hippoglossus
hippoglossus), mackerel (Scomber scombrus), brook trout (Salvelinus fontinalis), sole (Solea solea),
and tuna (Thunnus)) and with a low vitamin D content (<1.0 pg/100 g; cod (Gadus morhua),
flounder (Platichthys flesus), plaice (Pleuronectes platessa), pollock (Gadus chalcogrammus),
hake (Merluccius merluccius), perch (Perca fluviatilis), zander (Sander lucioperca), and pike
(Esox Lucius)) (see Supplementary Materials).

Because some participants in the intervention groups reported improved dermatologi-
cal health (complexion and hair) during the course of the study, an additional open-ended
question about any observed health outcomes was asked to all participants at the end of the
study. Due to the high number of answers concerning dermatological health, all answers
indicating dermatological health improvements (improved complexion, more elastic and
moisturized skin, fewer pimples, faster healing of skin lesions, enhanced hair condition,
shiny hair, stronger nails, etc.) and dermatological health deterioration (deterioration of
complexion, appearance of acne, non-healing pustules, weakening of hair condition, hair
loss, etc.) were grouped and the frequency of reporting dermatological health improvement
vs. deterioration was compared between the groups.

Furthermore, each participant was asked whether they had any difficulties consuming
the provided products, such as finding them repetitive or tiresome, and if they would have
liked the intervention to continue longer.

2.6. Study Course

The course of the study is presented in Figure 1. During the study, some partici-
pants withdrew, while others were excluded due to non-adherence to the dietary interven-
tion or failure to attend the blood draw. The total drop-out rate was 17.5%, and finally,
99 participants were included in the analyses.

2.6.1. Wash-Out Before Study Beginning

Because vitamin D supplementation is widely recommended in the Polish popula-
tion [17], a 3-week wash-out was planned for those who had supplemented their diet with
vitamin D before. In total, 20 out of the 99 participants (20.2%) declared to have supple-
mented their diet with vitamin D in the form of a supplement, fish oil, or a multivitamin
3 weeks before the study began. Despite the wash-out, their initial 25(OH)D serum con-
centration was higher than among those who did not use such supplements (80.2 nmol/L
vs. 61.2 nmol/L; p = 0.003). However, the change in 25(OH)D during the intervention was
not influenced by whether participants had been taking vitamin D supplements before
the study (p = 0.243; p = 0.522; p = 0.536; change w0-w5, w9-w5, and w0-w?9, respectively,
comparing individuals who took and did not take vitamin D supplements 3 weeks before
the study). Therefore, it was assumed that the wash-out time was correctly planned.
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Figure 1. Course of the study.

2.6.2. Study Time

As vitamin D status changes throughout the year, all participants were enrolled in
and finished the study simultaneously. The intervention was conducted in autumn and
lasted from 24 October to 18 December 2022, identical to the day in the VISA study in
2018 [26]. Considering the temperatures during the VISA study in 2018 and the current
VISA 2 study, they were alike too—the mean temperature in the Masovian region was
10 °C in October 2018 and 11 °C in October 2022, 4 °C in November 2018 and November
2022, and 2 °C in December 2018 and 1 °C in December 2022 [39,40]. Likewise, the reason
for choosing this time of the intervention was the fact that in countries such as Poland,
vitamin D synthesis in the skin, being the major source of the vitamin, is only possible from
Apiril to October [10]; hence, it was decided to conduct the study after this period.
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2.7. Statistical Analyses

The accepted level of statistical significance was p < 0.05. To assess the normality
of distribution, the Shapiro-Wilk test was used. The results are presented as mean + SD
and median with a range of percentiles (P25; P75), while the values used in the discussion
depended on the normality of the distribution: mean & SD for normal distributions and
median for non-normal distributions.

The sample size required for the analyses was calculated based on the population
of females aged 19-30 in the Masovian Voivodeship (318,200, according to the Central
Statistical Office of Poland [41]). Assuming 25.9% as the obesity rate for this group [42],
the non-obese population was determined to be 235,786. A 95% confidence level, 10%
margin of error, and 20% prevalence of low vitamin D concentrations (<25 nmol /L) [21]
were applied, resulting in an estimated required sample size of 61. The final sample of 99
females was therefore considered sufficient.

For group comparisons, the U Mann-Whitney test was used (in case of two groups and
non-normal distribution) or the analysis of variance (ANOVA) followed by Tukey’s Honest
Significant Difference (HSD) test for the post hoc analysis (in case of three or more groups
and data of normal distribution) or the Kruskal-Wallis analysis of variance (ANOVA)
followed by the Dunn-Sidak-Corrected Fisher (DSCF) test for the post hoc analysis (in case
of three or more groups and data of non-normal distribution). The chi-square test was used
to analyze the differences between the groups concerning categorical variables, whereas
the chi-square test with Yates’ correction was taken into account when needed.

The analyses were conducted in Statistica 13.3 (Statsoft Inc., Tulsa, OK, USA) and
Jamovi (The Jamovi project, version 2.3, Sydney, Australia) [43] software.

3. Results
3.1. Anthropometric Characteristics of the Participants

Table 2 presents the detailed anthropometric characteristics of the two intervention
groups and the control group at baseline. Most of the anthropometric characteristics of the
participants did not differ between the three studied groups (p > 0.05) apart from the age in
the control group and the smoked salmon group (23 vs. 21 years; p = 0.041 for pairwise
comparison) and the body fat mass, which was higher in the salmon sausages group than in
the smoked salmon group (27.4% vs. 23.7%; p = 0.012 for pairwise comparison). The weight
change from baseline to after 4 weeks of intervention, from after 4 weeks of intervention to
after 8 weeks of intervention, and from baseline to after 8 weeks of intervention, did not
differ among the three groups either (p > 0.05).

Table 2. Anthropometric characteristics of the two intervention groups and the control group

at baseline.
Smoked Salmon Salmon Sausage Control Grou
Intervention Group Intervention Group _ P
n=34
n=38 n=27 pr
Median Median Median
Mean + SD (25 B75) Mean + SD (25; P75) Mean & SD (P25; P75)
Age, years 21.6 £2.7 21 (20; 23) = 224+28 21 (20; 23.5) *2b 232+29 23 (21;25)® 0.048
Weight, kg 583 +72 58.5 (51.8; 62.8) 63.0 +9.6 61.5 (55.4; 69.4) * 59.8 + 89 60.3 (52.7; 65.9) 0.172
Height, cm 168.1 + 7.0 167.8 (163.7; 174.1) 1684 + 6.5 168.2 (164.2; 171.8) 168.3 + 6.4 167.6 (164.5; 171.8) 0.982
BMI, kg/m2 20.6 +24 20.4 (19.2; 22.5) 222+ 3.0 21.2(20.1;23.7) * 21.1+3.0 20.9 (18.8; 22.8) 0.118
SLM, % 70.8 £5.1 70.9 (66.8; 74.1) 674 +49 67.3 (65.0; 69.9) 689 £5.6 69.3 (64.9; 72.4) 0.299
TBW, % 55.9 +4.0 56.0 (52.6; 58.4) 53.1+38 53.0 (51.1; 55.0) 543+44 54.6 (51.2;57.1) 0.291
FM, % 237 +55 237 (20.3;28.0) 274+52 275 (24.8; 30.0) b 258 +6.0 252 (22.0; 30.0) @ 0.014
FFM, % 76.3 £ 5.5 76.3 (72.0; 79.7) 72,6 £5.2 72.5(70.0; 75.2) 742 + 6.0 74.8 (70.0; 78.0) 0.302
SMM, % 425+ 3.1 42.5(40.1; 44.4) 404 +29 40.3 (38.9; 41.9) 413+34 41.6 (39.0; 43.4) 0.298

* non-normal distribution (verified using Shapiro-Wilk test; p < 0.05); ** analysis of variance (ANOVA) test (for
normal distribution) or Kruskall-Wallis ANOVA test (for non-normal distribution); different letters in rows (a,
b) indicate significant differences between groups (p < 0.05)—Tukey’s post hoc analysis; SLM—Soft lean mass;
TBW—Total body water; FM—Fat mass; FFM—Fat-free mass; SMM—Skeletal muscle mass.
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3.2. Fish Intake Throughout the Study

The comparison of the weekly intake of fish and fish products among the participants
from the different study groups at baseline, during the 4 first weeks and the last 4 weeks
of the intervention is presented in Table 3. At baseline, the weekly intake of fish and
fish products amounted to 78.8-128.0 g and did not differ between the groups (p > 0.05).
However, more participants from the salmon sausage intervention group complied with
the recommendation to consume at least 150 g of fish and fish products weekly than
participants from the smoked salmon and the control group (48.1 vs. 21.1 and 20.6%;
p = 0.027; data not presented in tables). During the intervention, the weekly intake of
fish and fish products was highest among participants from the salmon sausage group
followed by those from the smoked salmon group, and lowest among those from the
control group (wl-w4: 712.0 vs. 222.0 vs. 64.2 g/week, p < 0.001 and w5-w8: 711.0 vs. 210.0
vs. 58.3 g/day, p < 0.001). These differences result from the fact that participants from
the salmon sausage group consumed 100 g of salmon sausages daily (corresponding to
700 g/week) within the applied intervention, while participants from the smoked salmon
group consumed 25 g of smoked salmon daily (corresponding to 175 g/week) within the
applied intervention. During the study, all participants from both intervention groups
complied with the recommendation to consume at least 150 g of fish and fish products
weekly, while in the control group, it was 11.8% (n = 4) during the first 4 weeks of the
intervention and 17.6% (n = 6) during the last 4 weeks of the intervention (data not presented
in tables).

Table 3. Comparison of the weekly intake of fish and fish products among the participants from the
different study groups at baseline, during the 4 first weeks and the last 4 weeks of the intervention.

Smoked Salmon Salmon Sausage Control Grou
. . Intervention Group Intervention Group P
Weekly Intake of Fish and Fish =38 n=27 n=34 "
Products, r
g/week Median Median Median
Mean + SD (P25; P75) Mean £ SD (P25; P75) Mean + SD (P25; P75)
. 87.5 128.0 78.8
w0 (baseline) 99.7 + 58.7 (56.1; 137.0) * 131.0 £ 75.5 (75.8; 187.0) 108.0 £ 105.0 (54.0; 128.0) * 0.119
1 to wd including 222.0 712.0 64.2
( ﬁrs&‘zeks intervention H00£721 (1g70,0540) % 7OOET(710,776.0) % 829754 (24.8; 114.0) ** <0.001
excluding 58.3 58.3 64.2
imerv‘;fnﬁon) intervention 768+ 721 (23.3;90.4) * 79.5£79.6 (175, 123.0) * 829+ 754 (24.8;114.0) * 0.902
5 to w8 including 210.0 ¢ 700.0 58.3
(4‘?;5&‘;1(5 intervention 200£728 (g1 0.071.0)0 7110 E 582 (665.0; 747.0) 697 £57.1 (26.3; 102.0) * <0.001
£ excluding 46.7 46.7 583
. o intervention 662+727 7.3;108.0) * 59.6 +55.3 17.5;93.3) * 69.7 4 57.1 26.3;102.0) * 0.712
intervention)

* non-normal distribution (verified using Shapiro-Wilk test; p < 0.05); ** Kruskall-Wallis ANOVA test; different
letters in rows (a, b, c) indicate significant differences between groups (p < 0.05).

A detailed analysis of the daily intake of fish species grouped based on their vitamin
D content, the daily intake of fish products, and the total daily fish and fish products intake
across the different study groups at baseline, during the 4 first weeks and the last 4 weeks
of the intervention is presented in Supplementary Table S1.

3.3. Vitamin D Intake Throughout the Study

The comparison of the daily intake of vitamin D among the participants from the
different study groups at baseline, during the 4 first weeks and the last 4 weeks of the
intervention is presented in Table 4. Whereas the baseline daily vitamin D intake did
not differ between the groups at baseline (p > 0.05), it did during the intervention with
participants from the smoked salmon group consuming the highest amounts and those
from the control group consuming the lowest amounts of vitamin D (wl-w4: 7.3 vs. 6.8 vs.
2.3 pg/day; wb-w8: 7.3 vs. 6.5 vs. 2.3 ug/day; p < 0.001). However, the comparison be-
tween the groups considering vitamin D intake excluding vitamin D from the intervention
products did not reveal any differences (p > 0.05), which indicates that the habitual vitamin
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D intake (without vitamin D from the intervention products) was not a factor which might
have influenced the obtained results.

Table 4. Comparison of the daily intake of vitamin D among the participants from the different study
groups at baseline, during the 4 first weeks and the last 4 weeks of the intervention.

Smoked Salmon Salmon Sausage Control
Intervention Group Intervention Group Group
Daily Intake of Vitamin D, n=38 n=27 n=34 p*
ug/day : i i
Median Median Median
Mean + SD (P25; P75) Mean £ SD (P25; P75) Mean + SD (P25; P75)
w0 (baseline) 34+15 3.1(24;4.0)* 37+17 34(2.3;5.0) 30+£12 27(2.1;3.4)* 0.152
w1 to w4 _including 774+12 7.3 (6.8;8.4) % 71+18 6.8 (6.0;7.4) * 25+1.1 23(1.8;31)°¢ <0.001
(4 first weeks intervention
of _excluding 27412 24(1.9;34)* 29417 2.7(1.9;32)* 25411 2.3(1.8;3.1) 0.690
intervention) Intervention
w5 to w8 _including 78+19 7.3 (6.6; 8.2) * 6.7 + 1.4 6.5 (5.9; 7.0) * 25413 2.3 (1.6; 2.8) * <0.001
(4 last weeks intervention
of excluding 28+19 23(1.7;32)* 26+14 24(1.8;29)* 25+13 2.3 (1.6;2.8) * 0.898
intervention) intervention

* non-normal distribution (verified using Shapiro-Wilk test; p < 0.05); ** Kruskall-Wallis ANOVA test; different
letters in rows (a, b, ¢) indicate significant differences between groups (p < 0.05).

3.4. Vitamin D Status (Total 25(OH)D Serum Concentration) Throughout the Study

Participants’ total 25(OH)D serum concentrations and their changes at baseline, after
4 weeks, and after 8 weeks of the intervention are presented in Table 5. The mean baseline
serum concentration in the whole studied population amounted to 65.1 £ 24.9 nmol/L
and did not differ between the groups (p > 0.05). Surprisingly, the serum concentration did
not differ between the groups after 4 and 8 weeks of the intervention either (p > 0.05). A
decrease in the 25(0OH)D concentration was observed after 4 and 8 weeks of intervention
in all groups. However, the declining p-value from p = 0.947 at baseline to p = 0.130 after
8 weeks of the intervention suggests that the duration of the observation time may have
been too short to reveal a statistically significant difference. Nevertheless, differences
between the groups were observed concerning the changes in 25(OH)D serum concentration
(p < 0.05) with the biggest decrease in the control group and the smallest decrease in the
salmon sausage intervention group. The post hoc analysis indicated that for the changes
from w0 to w5 and from w5 to w9, the differences between the groups concerned only
the control group and the salmon sausage intervention group (p = 0.019 and p = 0.017,
respectively), while for the change from w0 to w9, differences were observed comparing
the control group with the salmon sausage group (p < 0.001), as well as when comparing
the smoked salmon group and the salmon sausage group (p = 0.034). No difference was
observed when comparing the 25(OH)D serum concentration change from w0 to w9 in the
smoked salmon and the control group (p > 0.05).
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Table 5. Participants’ total 25(OH)D serum concentrations and their changes at baseline, after 4
weeks, and after 8 weeks of the intervention.

Smoked Salmon Salmon Sausage Control Grou
Intervention Group Intervention Group n=34 P
Variables Time n=38 n=27 p**
Median Median Median
Mean + SD (P25; P75) Mean + SD (P25; P75) Mean  SD (P25; P75)
25(0OH)D serum wO 64.2 +23.2 63.5 (47.8;77.2) 66.3 +24.9 65.8 (48.6; 80.4) 65.1 +27.3 61.5 (47.9; 76.4) 0.947
concentration, w5 559 + 18.6 56.9 (41.0; 68.9) 61.9 +22.6 57.5 (46.8; 75.5) 53.8 +£23.4 56.4 (33.9; 69.8) 0.323
nmol/L w9 52.6 +18.8 53.3 (36.7; 63.0) 624 +26.5 56.3 (45.8; 68.3) * 483 £21.8 48.4 (32.6; 62.5) 0.130
WVSS“) —82+116 ’Eg g)’}a%Z —43+82 —25(—11.4;0.0)® —11.4 + 105 ’“ﬂ%ié'l; 0.022
25(0OH)D serum TV AL A4 g4
concentration change, W‘ig“’ 33+68 3.1(=6.1;-0.5) 04+86 —23(—45;38)* 55446 ‘i42(3) 8.4; 0.020
nmol/L w0 to ~93(~17.6; ~15.0 (—22.0;
_ - -6; _ _43(—85 _0.8)* _ . -0;
o 116 + 141 30y 39+132 43 (~85; —08) 169 + 12.4 T o) <0.001

* non-normal distribution (verified using Shapiro-Wilk test; p < 0.05); ** ANOVA Fisher’s test (for normal
distribution) or Kruskall-Wallis ANOVA test (for non-normal distribution); 25(0OH)D—25-hydroxyvitamin D;
different letters in rows (a, b) indicate significant differences between groups (p < 0.05); wO0—baseline; w5—after
4 weeks of intervention, in week 5; w9—after 8 weeks of intervention, in week 9.

3.5. Influence of Vitamin D Status at Baseline on the Intervention Outcomes

The number of participants with inadequate and adequate vitamin D status at baseline,
after 4 weeks of intervention, and after 8 weeks of intervention compared with the reference
value of 50 nmol/L and 75 nmol/L is presented in Table 6. Concerning the lower, namely
the 50 nmol/L reference value, at baseline, 70% of all participants (n = 69) had 25(OH)D
concentrations >50 nmol/L, after 4 weeks of intervention 66% (1 = 65), while after 8 weeks
of intervention, it was 54% (n = 53). Interestingly, no differences between the intervention
groups and the control group were observed (p > 0.05). None of the participants’ 25(OH)D
serum concentrations exceeded the potentially toxic concentration of 250 nmol/L at any
measuring time. Regarding the higher reference value, namely 75 nmol/L, at baseline,
only 31% of all participants (n = 31) had 25(OH)D serum concentrations >75 nmol/L, after
4 weeks of intervention 18% (n = 18), while after 8 weeks of intervention, it was 15%
(n =15). Just like for the previously analyzed reference value of 50 nmol/L, no differences
were observed between the groups (p > 0.05).

The comparison of total 25(OH)D serum concentrations before, after 4 weeks, and
after 8 weeks of the intervention, as well as its changes throughout the study between
subgroups characterized by an adequate (25(OH)D > 50 nmol/L) or inadequate (25(OH)D
< 50 nmol/L) status at baseline, is presented in Table 7. What could be anticipated was that
there were differences between the 25(OH)D serum concentration at baseline between the
participants with an adequate and inadequate vitamin D baseline status in all three study
groups (smoked salmon: adequate 69.3 vs. inadequate 39.5 nmol/L; p < 0.001; salmon
sausage: adequate 79.0 & 19.8 vs. inadequate 40.7 = 8.8 nmol/L; p < 0.001; control: adequate
76.9 vs. inadequate 36.8 nmol/L; p < 0.001). Interestingly, similar differences were observed
after 4 and 8 weeks of intervention in all three groups, including the intervention groups,
indicating that the intervention was not sufficient to overcome the differences of 25(OH)D
serum concentration at baseline. However, the 25(OH)D serum concentration change
from w0 to w5 did differ between the subgroups of adequate and inadequate baseline
vitamin D status among the participants from the salmon sausage group (—7.2 &= 7.7 vs.
1.5 £ 6.1 nmol/L; p = 0.018). In the salmon sausage group, it also differed for the w0 to w9
change (—5.4 vs. —3.0 nmol/L; p = 0.048). This indicates that the intervention was more
efficacious among participants with an inadequate baseline vitamin D status. No differences
were observed in the 25(OH)D serum concentration changes in the control group, while in
the smoked salmon group, a non-significant but close-to-statistically-significant difference
was noted for the w0 to w5 period (—9.3 vs. —3.8 nmol/L; p = 0.079) and the w0 to w9
period (—12.5 vs. —=5.8 nmol/L; p = 0.055).
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Table 6. Number of participants with inadequate and adequate vitamin D status at baseline, after 4
weeks of intervention, and after 8 weeks of intervention, compared with the reference value of 50

nmol/L and 75 nmol /L.
e . Smoked Salmon Salmon sausage
Reference Value Measurement Time V1;am1n D Intervention Group  Intervention Group Control Group p*
tatus n=>34
n=38 n=27
0 Adequate 27 (71%) 18 (67%) 24 (71%) 092
w Inadequate 11 (29%) 9 (33%) 10 (29%) -
Adequate 25 (66%) 19 (70%) 21 (62%)
50 nmol /L' w5 Inadequate 13 (34%) 8 (30%) 13 (38%) 0.781
5 Adequate 21 (55%) 16 (59%) 16 (47%) 0614
w Inadequate 17 (45%) 11 (41%) 18 (53%) -
0 Adequate 12 (32%) 9 (33%) 10 (29%) 0.946
w Inadequate 26 (68%) 18 (67%) 24 (71%) :
Adequate 6 (16%) 7 (26%) 5 (15%)
75 nmol /L 2 w5 Inadequate 32 (84%) 20 (74%) 29 (85%) 0.470
Adequate 6 (16%) 6 (22%) 3 (9%)
w9 Inadequate 32 (84%) 21 (78%) 31 (91%) 0.346
1 Adequate vitamin D status defined as 25(OH)D > 50 nmol/L, inadequate vitamin D status defined as 25(OH)D
<50 nmol/L; 2 Adequate vitamin D status defined as 25(OH)D > 75 nmol/L, inadequate vitamin D status defined
q q
as 25(OH)D < 75 nmol/L; * chi? test; wO—baseline; w5—after 4 weeks of intervention, in week 5; w9—after
8 weeks of intervention, in week 9.
Table 7. Comparison of total 25(OH)D serum concentrations before, after 4 weeks, and after 8 weeks
of the intervention between subgroups characterized by an adequate (25(OH)D > 50 nmol/L) or
inadequate (25(OH)D < 50 nmol/L) status at baseline within the studied groups.
Smoked Salmon Salmon Sausage Control
o Intervention Group Intervention Group Group
X . Vitamin D (Adequate 1 at Baseline: n = 27, (Adequate 1 at Baseline: n =18, (Adequate 1 at Baseline: n = 24,
Variables Time Status Inadequate 2 at Baseline: n = 11) Inadequate 2 at Baseline: 1 = 9) Inadequate 2 at Baseline: n = 10)
at Baseline
Mean + Median Mean + Median Median
SD ®25,p75 P SD (P25; P75) p¥  Mean£SD (P25; P75) P
74.6 + 69.3 (62.5; 79.0 + 71.5 (60.2; 84.7)
1 .
w0 Adequate 18.7 83.6)*  <0.001 19.8 746 (660;87.5) g 769 £228 * <0.001
Inadequate? 385+ 7.8 39'454?;1'0; 407488  41.8(343;47.5) 3684116  39.6(32.4;45.8)
25(CH)D 63.8 + 62.3 (54.9; 7184+  67.3(584;79.8)
Cosnecr:rﬁlm_ w5 Adequate 13.8 74.4) <0.001 206 * <0001 ~ OHAE18S 013 (48;729) 00
tion Inadequate? 207/ F  360@258; 22+ 460(388;47.3) 281499  27.9(21.6;323)
, 14.6 39.0) 10.3
nmol/L
59.8 + 59.5 (50.0; 72.0 + 63.8 (56.2; 84.6)
1 .
w9 Adequate 139 689) <0001 269 * <001 OEIBO S61U7Z678) 45
349 + 28.0 (26.8; 43.1 £ 45.3 (44.5; 46.5)
2 .
Inadequate 17.9 35.5)* 104 A 25.1£9.0 24.6 (19.1; 30.9)
108+ 93 72+ 38 (—13.1; 12,0 (~17.9;
1 —1U. _ . —/. —o.0(—1o.1; _ —12U0 (=175
W£ 5to Adequate 11.6 &;gﬁ; 0.079 7.7 -1.1) 0.018 125120 -2.2) 0.558
—-1.8 £ —3.8 —-8.0 (—11.8;
2 _ . _ ’
Inadequate 93 (—7.3;0.0) 15+6.1 0.0 (—2.5;3.8) 8.7+5.0 —46)
25(0OH)D 3
serum -39+ > —3.5(—4.9; —6.0(—102;
1 _ca. ; _ ;
concentra-  W5to  Adequate <0 (—6.8; 055 02£100 18 0217 6.6 +5.0 o) 0576
tion w9 -1.3)
change, ) ~18+ 20 —15(-2.3; 3 —35(—4.4;
nmolg/L Inadequate 100 (=5.1;0.1) 0.8+5.0 15)* 30+1.8 Z23)
14.8 + -125 7.0 £ 5.4 (—16.3; 18.5 (—24.0;
1 —1a. _ . —/. —2.4(—16.5; _ —1l6.05(—24.U;
wOto  Adequate 129 (=210 055 139 ~1.6) 0.048 19.0£139 —8.0) 0.117
w9 —5.3)
—5.8 . _ _ .
Inadequate 2 *1346; (—1L0; 23£97 ’3;)8()14'3' ~11.6 + 438 12£39( 0)14'6'
: —3.0)* : !

1 Adequate baseline vitamin D status defined as 25(OH)D > 50 nmol/L; 2 inadequate baseline vitamin D status
defined as 25(OH)D < 50 nmol/L; * non-normal distribution (verified using Shapiro-Wilk test; p < 0.05); ** U
Mann-Whitney test (comparison inside one group); 25(0OH)D—25-hydroxyvitamin D; wO0—baseline; w5—after
4 weeks of intervention, in week 5; w9—after 8 weeks of intervention, in week 9.
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3.6. Intervention Efficacy

The number of participants whose 25(OH)D serum concentration increased or was
maintained compared to those whose 25(OH)D decreased during the different study
periods is presented in Table 8. During the first 4 weeks of the intervention (from w0 to
w5), an increase/maintenance of 25(OH)D was observed in 17% (n = 17) of all participants,
during the last 4 weeks of the intervention (from w5 to w9) in 20% (n = 20), while during
the whole intervention time in 9% (n = 9). Interestingly, while from w0 to w5 only a
non-significant but close-to-statistically-significant difference was observed between the
groups (p = 0.097), from w5 to w9, in a pairwise comparison, differences were observed
between the salmon sausage and the control group (p = 0.015), and a non-significant but
close-to-statistically-significant difference was observed between the smoked salmon and
the control group (p = 0.077), while no difference was noted between the smoked salmon
and salmon sausage group (p > 0.05). From w0 to w9, in a pairwise comparison, a non-
significant but close-to-statistically-significant difference was observed when the salmon
sausage and the control group, as well as when the smoked salmon and salmon sausage
group, were compared (p = 0.052; p = 0.095; respectively), while no differences between the
smoked salmon group and the control group (p > 0.05) were noted.

Table 8. The number of participants whose 25(0OH)D serum concentration increased or was main-
tained compared to those whose 25(OH)D decreased during the different study periods.

25(0OH)D Serum Smoked Salmon Salmon Sausage
. . . . Control Group
Time Concentration Intervention Group Intervention Group p*
n =34
Change n=38 n=27
0 5 Increase/maintained 6 (16%) 8 (30%) 3(9%) 0.097
whtow Decrease 32 (84%) 19 (70%) 31 (91%) :
Increase/maintained 9 (24%) 9 (33%) 2 (6%)
w5 to w3 Decrease 29 (76%) 18 (67%) 32 (94%) 0.024
0to w9 Increase/maintained 2 (5%) 6 (22%) 1 (3%) 0.020
wotow Decrease 36 (95%) 21 (78%) 33 (97%) :

* chi? test; wO—baseline; w5—after 4 weeks of intervention, in week 5; w9—after 8 weeks of intervention, in week 9.

The analysis of the number of participants whose 25(OH)D serum concentration
increased or was maintained compared to those whose 25(OH)D decreased during the
different study periods with both intervention groups combined is presented in Supple-
mentary Table S2.

3.7. Additional Observations

After the 8-week intervention, three participants (11%) from the salmon sausage group,
twelve participants (32%) from the smoked salmon group, and one (3%) from the con-
trol group reported improved dermatological health, while two (7%) from the salmon
sausage group and three (9%) from the control group reported dermatological deterioration.
There were differences between the three groups (p = 0.008), as well as between the two
intervention groups (p = 0.049) with more participants observing dermatological health
improvements and less deterioration in the smoked salmon group than in the salmon
sausage group. Specifically, in the smoked salmon group, ten participants (29%) reported
improved complexion, one (3%) noted enhanced hair condition and one (3%) observed im-
provement in hair, skin, and nail condition. In the salmon sausage group, two participants
(7%) reported an improvement in complexion, one (4%) noted an enhancement in hair and
nail condition, and two participants (7%) experienced a deterioration in complexion. In the
control group, one (3%) reported improved complexion, two (6%) observed a deterioration
in complexion and appearance of acne, and one (3%) noted poorer hair condition.

Most participants from the smoked salmon group declared that they were fond of
the taste, texture, and overall quality of the intervention product and 20 participants from
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this group (53%) would have wanted the study to continue longer. The ones who did not
want it to continue were tired of having to consume the same product so frequently, and
some were put off by its smell at the end of the 8-week intervention. On the other hand,
many said they got used to consuming smoked salmon regularly and would miss it. In
the salmon sausage group, seven participants (26%) from the group declared that they
would have liked the study to continue longer, while 20 participants (74%) reported being
jaded by the taste and texture of the daily consumed product and were pleased that the
intervention lasted only 8 weeks.

4. Discussion
4.1. Serum Concentration Changes of 25(OH)D After 8 Weeks of Intervention

In the previously conducted VISA study [26], a surprising decrease in the 25(OH)D
serum concentration was observed despite consuming more salmon, being a source of
vitamin D. However, no control group or other intervention groups were included in it;
therefore, the present study (VISA 2) provides a more profound insight. To start with,
in the present VISA 2 study, a decrease in the 25(OH)D serum concentration was seen
in both intervention groups, as well as in the control group. However, what should be
underlined is that the decrease was three and a half times greater in the control group than
in the salmon sausage intervention group (—15.0 nmol/L vs. —4.3 nmol/L from w0 to w9).
This indicates a positive influence of incorporating 100 g of salmon sausage as a source of
vitamin D into the daily diet to slow down the natural decline of 25(OH)D due to the lack
of cutaneous vitamin D synthesis in Poland in autumn and winter [10].

Surprisingly, no statistically significant difference was observed comparing the smoked
salmon group in which the median decrease from w0 to w9 was 9.3 nmol/L, and the control
group in which it was 15.0 nmol/L. Moreover, the decrease after 8 weeks of intervention in
the smoked salmon group was significantly greater than in the salmon sausage group. This
suggests that the daily intake of 25 g of smoked salmon did not have a distinct influence
on vitamin D status compared to not consuming it (like in the case of the control group),
in contrast to 100 g of salmon sausage (both of which provided around 5 ug of vitamin D
daily). Moreover, in the previously conducted VISA study [26] (which started and finished
on exactly the same day and month 4 years before to avoid possible differences due to
the time of the year), the medium decrease of 25(OH)D after 8 weeks of intervention with
smoked salmon was 8.1 nmol/L compared to 9.3 nmol/L in the present VISA 2 study. It
seems unexpected as the daily intake of smoked salmon in the VISA study [26] was 50 g
daily (providing around 10 pg of vitamin D daily), while in the present VISA 2 study; it
was twice as small, so it provided two times less vitamin D per day. The fact that the
decline in the groups consuming 25 g and 50 g of smoked salmon per day was so similar
(9.3 and 8.1 nmol/L, respectively), as well as the fact that consuming 25 g and being in the
control group did not have a different influence on the 25(OH)D decline after 8 weeks of
intervention, indicates that there most probably may have been some factors influencing
the absorption/metabolism of the vitamin D from smoked salmon. On the other hand,
despite the similar, but higher in smoked salmon, amount of vitamin D in the daily portion
of smoked salmon and salmon sausages (5.3 vs. 4.4 ug, respectively), a positive influence
compared to the control group was seen only in the salmon sausage group, suggests
that vitamin D is better absorbed /metabolized from salmon sausages than from smoked
salmon. While to our best knowledge such differences have not yet been clearly stated in
the literature, some possible explanations for this phenomenon were identified.

4.2. Possible Explanations
4.2.1. Fat Content

First of all, what differentiated the products used in the intervention was their fat
content. While the daily portion of salmon sausage provided 16.7 g of fat, the daily portion
of smoked salmon provided 3.25 g, more than five times less. Since vitamin D is fat-
soluble, its absorption could be enhanced when taken with a meal high in fat [44]. In vitro
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gastrointestinal model studies show that vitamin D bioaccessibility depends on the matrix
(food) composition, including its fat content [30]. However, results from human studies
regarding the direction of the influence are varied.

On the one hand, a study by Raimundo et al. [44] indicated that when a capsule
containing 1250 pg of vitamin D3 was ingested with a high-fat meal (25.6 g of fat in a
473-kcal meal, corresponding to 48.7% of energy from fat), 25(OH)D serum concentrations
were higher 7 and 14 days later compared to when the capsule was ingested with a low-fat
meal (1.7 g of fat in a 465-kcal meal, corresponding to 3.3% of energy from fat). Another
study of a similar design conducted by Raimundo et al. [45] indicated that the increase in
25(0OH)D serum concentration 2 weeks after taking a vitamin D supplement was greater
when the supplement was consumed with a meal containing at least 15 g of fat compared
to a fat-free meal. This aligns well with the presented results, as the fat content of the
daily salmon sausage portion was 16.7 g (more than 15 g), and most of the participants
consumed it during one meal. Moreover, a study by Dawson-Hughes et al. [46] showed that
plasma cholecalciferol was higher when participants took a 1250 pg vitamin D supplement
with a meal containing fat than a fat-free meal, whereas the 25(OH)D serum concentration
was not assessed. On the other hand, the results from a different intervention study by
Dawson-Hues et al. [47] indicated that while 12 h after receiving 1250 pug of vitamin D3,
the plasma cholecalciferol increases were highest in the low-fat meal group compared to
the high-fat and no-meal group, the 25(OH)D increases 30 and 90 days later did not differ
between the groups.

Despite observing no rise in the present study, the results seem to correspond to the
results from Raimundo et al. [44,45], as the 25(OH)D decline was smaller in the intervention
group consuming salmon sausages which contained more fat than smoked salmon. What
connects these studies to the present study is the young age of the participants (below
30 years) in contrast to the older participants in the study by Dawson-Hues et al. [47] (mean
age 58 years), where no difference between the groups was observed. This might suggest
that the intake of vitamin D3 (in the form of a supplement or a naturally-rich-in-vitamin-D
product such as salmon sausage) results in higher 25(OH)D levels if ingested with more fat
only in young individuals. Whether a smaller decline (like in the present study) or a higher
increase (like in the Raimundo et al. study [44]) will be observed will probably depend on
the amount of vitamin D3 ingested. While in the Raimundo et al. [44] study it was 1250 ug
at one time, in the present study, it was 5 ug daily, corresponding to 280 ug during the
whole 8-week-long intervention.

What should not be overlooked, however, is that in the cited studies [44,46,47], a high
dose of a supplement was given to their participants in contrast to the present study in
which the participants received much smaller amounts of vitamin D in the form of a food
product. This might result in a markedly different vitamin D uptake mechanism, as the
findings of Reboul et al. [48] indicate that at low dietary doses, the absorption of vitamin D
is primarily protein-mediated. In contrast, at high pharmacological doses, passive diffusion
probably occurs [48].

Although in the present study, the higher fat content of salmon sausages seemed to
improve the effect of the intervention, other clinical studies indicate that vitamin D can
also be effectively absorbed from food products fortified with vitamin D, even if low in
fat, such as orange juice [49], low-fat cheese [50], and bread [51], suggesting that 25(OH)D
increases can be observed even if the intervention products do not contain high amounts of
fat [49-51] contrary to the hypothesis described above.

However, it should be mentioned that one more explanation connected with the fat
content of the products might be the different types of fatty acids found in them. They may
have an effect, as Holmberg et al. [52] indicated that vitamin D3 supplements increase chole-
calciferol serum concentrations more effectively when vitamin D3 is administered in fats
containing long-chain triglycerides compared to medium-chain triglycerides, suggesting
that the presence of long-chain fatty acids facilitates vitamin D3 absorption [52]. Moreover,
a diet rich in monounsaturated fatty acids (MUFA) was found to be more effective in
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increasing cholecalciferol concentrations compared to a diet rich in polyunsaturated fatty
acids (PUFA), as the latter seems to reduce the effectiveness of vitamin D3 supplementa-
tion [53]. However, the study by Holmberg et al. [52] also showed that when the vitamin
D3 supplement was administered with food, the difference between the two formulas was
not observed, while the 25(OH)D3 differences were non-significant and did not allow for
any specific conclusions. Moreover, a different trial indicated that the PUFA and MUFA
ratios do not influence vitamin D3 absorption [46]. Hence, it seems that to date it still is an
unsolved problem whether or not the different fatty acids influence vitamin D absorption.

4.2.2. Production Process

Secondly, the surprising results could be explained by the food matrix, particularly
considering that salmon sausages are highly processed food products that have undergone
homogenization. The matrix may play a role as it is believed that vitamin D must be
released from its food or supplement matrix to become bioaccessible, meaning it needs to be
solubilized in micelles to be available for absorption [54]. However, clinical studies indicate
that the matrix does not seem to influence the bioavailability of vitamin D when the matrix is
bread [51], mushrooms [55], or cheese [50], compared to a supplement. Nevertheless, to the
best of our knowledge, studies on the bioavailability of vitamin D from fish-based sausages
have not yet been conducted. Additionally, unlike the mentioned studies [50,51,55] that
compared the bioavailability of vitamin D from food products with its bioavailability
from a supplement, the present study compared two different food products rather than
a supplement. Interestingly, in the mushroom bioavailability study [55], lyophilized and
homogenized mushrooms were used, while the bioavailability of vitamin D from fresh
nonlyophilized mushrooms was not conclusive, which might suggest that the process of
lyophilization and homogenization was essential concerning vitamin D bioavailability
from the mushrooms. This corresponds to the fact that in the present intervention salmon
sausages, which are homogenized during the production, were far more efficacious than
smoked salmon.

Not only may the homogenization of salmon sausages have influenced vitamin D
availability, but also the applied thermal treatment may have had an impact. A study
assessing the impact of various cooking methods of pork products on vitamin D content
showed that the vitamin D3 concentration was highest in raw and cooked sausage com-
pared to minced meat and loin, as well as that the vitamin D activity was also highest
in cooked sausage [56]. What is more, vitamin D3 concentrations as well as vitamin D
activity increased for all cooking treatments, probably owing to water/fat loss. However,
in the present study, while vitamin D3 concentrations (ng/g) were not the same in smoked
salmon and salmon sausage, the daily portion of the product was of such a size to provide
a similar (around 5 pg) vitamin D3 amount. Whether or not cooking, which was allowed
in the present study, could have impacted the results also seems unclear, as some studies
show that vitamin D retention after cooking is higher than in raw products [56], while
others show that the retention decreases after cooking treatments [57].

Importantly, when vitamin D3 content in food is assessed, the analyzed samples are
usually homogenized [51,55-57], which is also true in the case of fish [58]. Therefore,
the much better results from consuming salmon sausage compared to smoked salmon
could be explained by the fact that the assessed vitamin D content in smoked salmon
may not reflect the amount of vitamin D that is bioavailable for humans, as the product
is not homogenized before eating. Not everyone bites and chews thoroughly enough
to ensure that the product is fully homogenized before swallowing. In contrast, salmon
sausages are already homogenized before consumption. It is known that vitamin D3 can
only be absorbed when it is dissolved in small enough particulates that can pass the mucus
layer [59]. Also, it is hypothesized that protein-digesting enzymes such as pepsin and
trypsin play a crucial role in vitamin D absorption by breaking down vitamin D binding
proteins found in food, thereby aiding in its release. In the duodenum, however, digestive
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enzymes such as amylases, lipase, and protease continue to facilitate the release of vitamin
D from the food matrix [60].

Homogenized products offer a greater surface area for digestive enzymes to work
compared to non-homogenized ones. That is why, despite no rigid proof, it is probable that
the homogenization process being part of salmon sausage production might be a factor
in improving vitamin D bioavailability and hence in improving 25(OH)D in blood, as the
actual available amount of vitamin D3 is higher from salmon sausages than from smoked
salmon despite what laboratory analyses indicate. However, no studies concerning the
effect of product homogenization on vitamin D bioavailability have been conducted so far;
therefore, it is only a hypothesis. What is stated by other scientists, however, is that there
is limited research on how the complexity of the food matrix affects the absorption and
bioavailability of vitamin D and that more studies are needed to better understand it [60].

4.2.3. Frequency of Consuming the Intervention Product

Participants were allowed to either eat the daily portion of the intervention product
every day or to eat twice the daily portion every second day. It was noted that participants
from the salmon sausage group consumed the intervention product more often on a daily
basis compared to participants from the smoked salmon group. This might help explain the
observed results, as the actual dose of vitamin D was more often 5 pg daily in the salmon
sausage group, while it was typically 10 pg every second day in the smoked salmon group.
There are signals that the conversion rate to 25(OH)D may be slower in subjects receiving
large doses of vitamin D [61], which, with the above-mentioned analysis, might suggest
that providing the body with smaller amounts of vitamin D but more frequently may
be more effective in improving 25(OH)D status than bigger amounts but less frequently.
This could help clarify the results from the present study, as salmon sausages, which were
consumed more often daily, therefore providing smaller amounts of vitamin D but more
frequently, were found to be more efficient than smoked salmon, which was more often
consumed every second day, providing larger amounts of vitamin D but less frequently.

4.2.4. Dietary Habits Before Intervention

Analyses concerning fish intake among the participants indicated that while the
weekly intake of fish and fish products at baseline (before the intervention) did not differ
between the groups, more participants from the salmon sausage group complied with
the recommendation to consume at least 150 g of fish and fish products weekly than
participants from the smoked salmon and the control group. This and the fact that the
intervention was far more effective among participants from the salmon sausage group
compared to those from the smoked salmon group might indicate that consuming at least
150 g of fish weekly before the intervention might have somehow improved vitamin D
absorption and bioavailability during the intervention. To the best of our knowledge,
the concept that one’s gut/body might adapt to learn how to digest food products or
absorb/metabolize vitamin D has not been described in literature yet. However, there are
indications that some digestive enzymes adapt to the diet [62]. Therefore, some enzymes
involved in the digestion of salmon may also be adaptive. If that is the case, the activity
of these enzymes might be higher among people who habitually comply with fish intake
recommendations (like in the case of the participants from the salmon sausage group).

Similarly, when analyzing the number of participants whose 25(OH)D serum concen-
tration increased or was maintained compared to those whose levels decreased during
different study periods, the p-value indicates that while only a non-significant but close-to-
statistically-significant difference was observed during the first 4 weeks of the intervention,
a significant difference emerged during the final 4 weeks (from w5 to w9). Specifically, a
larger proportion of individuals in the salmon sausage group showed an increase or main-
tenance of 25(OH)D levels compared to the control group, with a similar non-significant
but close-to-statistically-significant difference noted when comparing the smoked salmon
group to the control group. This might be related to the time of the year when the study was
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conducted, namely autumn, a period during which vitamin D is no longer synthesized in
the skin in Poland [10] and must be obtained through diet or stored reserves. However, to
the best of our knowledge, little is known about specific physiological processes occurring
in the human body during this time.

4.2.5. Physiological Explanation Connected to Vitamin D Metabolism in the Body

Upon entry into the human body, either through cutaneous synthesis or dietary intake,
vitamin D binds to vitamin D-binding protein (VDBP), enabling its transport through
the circulatory system, either directly to hepatic tissue or to be stored in adipocytes [63].
The liver is the primary site for the first phase of vitamin D metabolism, namely 25-
hydroxylation, which converts vitamin D to 25-hydroxyvitamin D (25(OH)D), the form
quantified in the present study [64]. Although recent findings suggest other tissues may
contribute to this process, the enzyme CYP2R1 remains the principal 25-hydroxylase in
the hepatic metabolism of vitamin D [65]. Subsequently, 25(OH)D is metabolized by the
enzyme CYP27B1 to 1,25-dihydroxyvitamin D (1,25(OH),D), which occurs principally
in the kidney. This form is responsible for the majority of vitamin D hormonal activ-
ity and biological actions [65]. The concentration of 1,25(OH),D is tightly regulated by
CYP24A1, a 24-hydroxylase enzyme, which is up-regulated by 1,25(OH),D to promote its
own catabolism [65], as well as the catabolism of 25(OH)D [64].

The renal production of 1,25(OH),D is known to be tightly regulated and inhibited by
factors such as calcium and phosphate [65]. Even a slight decrease in extracellular fluid
calcium, for instance, after an overnight fast, can trigger a cascade of biological processes
that may also affect vitamin D metabolism [66]. Furthermore, since magnesium plays a
critical role in the transport of vitamin D and the hydroxylation steps required to produce
both 25(OH)D and 1,25(OH),D, as it functions as a cofactor, magnesium deficiency may
impair vitamin D activation [67].

Therefore, it can be hypothesized that the proportion of vitamin D transported to the
liver and subsequently converted to 25(OH)D, detectable in blood tests, may have been
influenced by other hepatic metabolic pathways modulated by various food-derived nutri-
ents. Additionally, the participants’ 25(OH)D concentration could have been affected by
the concentrations of 1,25(OH),D, which were not measured in the current study. Further-
more, some of the vitamin D absorbed from the salmon products may have been directly
transported to and stored in adipose tissue, rather than serving as a substrate for 25(OH)D
hydroxylation in the liver, and thus not detected in blood tests. According to Heaney
et al. [68], vitamin D stored in adipose tissue is estimated to account for approximately
17% of the administered dose, with significant individual variation, which underscores the
importance of considering individual differences.

4.3. Baseline 25(0OH)D Serum Concentration as an Important Factor for the Intervention Efficacy

The results from the present study indicate that the baseline 25(OH)D is a factor that
should be taken into consideration when assessing the efficacy of a vitamin D-focused
dietary intervention. In the salmon sausage group, where the intervention was more
efficacious compared to the smoked salmon group, a mean increase in 25(0OH)D serum
concentration was observed after 4 weeks among participants with a baseline 25(OH)D
serum concentration below 50 nmol/L (indicative of inadequate vitamin D status). In
contrast, a decrease was noted among those with baseline 25(OH)D serum concentrations
of 50 nmol/L or higher (adequate vitamin D status). Over the whole intervention period
(from week 0 to week 9), decreases were observed in the salmon sausage group regardless
of the baseline 25(OH)D status. However, the decreases were more pronounced among par-
ticipants with an adequate baseline vitamin D status compared to those with an inadequate
baseline vitamin D status.

In the smoked salmon group, a non-significant but close-to-statistically-significant
difference was observed concerning the change in 25(OH)D serum concentration from
w0 to w9 depending on the baseline vitamin D status. The median decrease among



Nutrients 2024, 16, 3565

20 of 26

participants with an adequate baseline vitamin D status was greater than among those with
an inadequate vitamin D status at baseline. In the control group, the decreases in 25(OH)D
serum concentration were similar across both baseline vitamin D status groups. These
findings suggest that dietary interventions aiming at increasing vitamin D intake, like the
one in this study, are more effective among individuals with inadequate vitamin D status.
Therefore, the recommendation to consume more vitamin D-rich fish may be especially
important and beneficial for individuals with low 25(OH)D serum concentrations.

Moreover, another benefit related to increasing vitamin D-rich fish intake might also
be the improvement of dermatological health, such as the condition of complexion, hair,
and nails, which were reported by some of the study participants despite not being the aim
of the present study. These observations can be explained by other studies indicating the
essential beneficial role of omega-3 fatty acids and vitamin D, both present in salmon [69],
in dermatological conditions [70,71].

Other studies also confirm that interventions induce greater changes in 25(OH)D
levels when starting from low baseline concentrations compared to high baseline levels [72].
In the previously cited single-blind bioavailability study by Natri et al. [51], a negative
correlation was observed between the initial 25(OH)D serum concentration and the increase
in 25(OH)D serum concentration, indicating that supplementation and food fortification
were more effective in individuals with initial low vitamin D levels. Additionally, some
studies on moderate vitamin D supplementation are designed to include only participants
with low baseline 25(OH)D levels to ensure the experiment demonstrates a measurable
difference [55].

However, individual differences cannot be forgotten. In the current study, there were
participants in both intervention groups whose 25(OH)D levels increased after 4 and 8
weeks of the intervention despite having adequate baseline vitamin D status, as well as
participants whose 25(OH)D levels decreased despite having inadequate baseline vitamin
D status.

4.4. Strengths and Limitations of the Study

The major strength of the study is its evaluation of the impact of adhering to fish
consumption recommendations on vitamin D status in autumn within a real-life context,
unlike many studies that assess such impacts using unrealistically large fish portions, which
are much higher than the minimal recommended amounts [27]. Additionally, the study
included participants with both adequate and inadequate baseline 25(OH)D concentrations,
reflecting typical societal variations. Furthermore, it is the first study to examine the
influence of salmon sausage intake on vitamin D status and the first to compare the effects
of increasing the consumption of the same fish species, namely salmon, in two different
forms. Notably, 25(OH)D decreases were observed not only in the control group but also
in the intervention group. Despite similar vitamin D intakes and no cutaneous vitamin D
synthesis, the study found that the efficacy of the intervention was significantly higher with
salmon sausage compared to smoked salmon. These findings are unique and contribute
valuable insights.

Despite the novel observations from the conducted study, some limitations should
be noted. First, participants were permitted to consume the intervention products either
daily, also in multiple portions, or every other day, and at any meal they preferred. Given
the significant differences in the intervention efficacy between the two groups, it might
have been beneficial to impose more rigid consumption rules to better understand the
causes of these differences. However, the decision to allow more flexibility was made to
assess the impact of increasing fish intake to recommended levels on vitamin D status in a
real-life context. Additionally, because vitamin D is fat-soluble [45] and stored in fat tissue,
it is believed by some authors that daily consumption is not necessary [73]. Moreover, the
flexible consumption rules likely enhanced intervention compliance, as reported by the
participants.
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Another limitation is the relatively short intervention period of 8 weeks. Given the
surprising results, a longer intervention might have provided a deeper insight into the effect
of increased vitamin D-rich fish consumption on 25(OH)D levels in autumn. However, a
meta-analysis indicated that even a 4-week intervention is sufficient to observe differences
in vitamin D status [27]. Also, it seems that longer-lasting interventions should be planned
differently, as three-quarters of the participants from the salmon sausage group expressed
feeling bored with the taste and texture of the daily consumed product and were relieved
that the intervention lasted only 8 weeks. Additionally, the drop-out rate due to non-
adherence to the intervention from this group was much higher than from the smoked
salmon and the control group.

What is more, since fat intake seems to influence vitamin D bioavailability or absorp-
tion [45], it would have been beneficial to assess the participants’ fat intake, including
different fatty acids, both in the meal containing the intervention product and throughout
the day. However, a precise analysis of fat intake is challenging, as fat is often consumed
unconsciously due to the addition of fat during meal preparation. Last but not least, due
to indications that high physical activity may result in lower 25(OH)D concentrations
despite higher vitamin D intakes [74], possibly due to 1,25(0OH),D utilization in muscle
recovery [75], it might have been beneficial to assess the participants” physical activity.
However, it seems that these differences concern males and not females [74]; therefore,
since the participants in the present study were females, physical activity has probably not
been a distinguishing factor concerning the efficacy of the intervention.

4.5. Recommendations for Maintaining Adequate Vitamin D Status

Interestingly, some guidelines such as the Polish ones [17] recommend vitamin D
supplements for all age groups and during the whole year and do not highlight the im-
portance of the main and natural sources of vitamin D, namely skin synthesis and food
products. To the best of our knowledge, they are the only recommendations that seem to
ignore the natural sources of vitamin D. However, others such as the French, the Dutch,
the German—Austrian-Swiss (DACH), and the Finnish ones primarily underline the skin
synthesis and the diet as sources of vitamin D [76-79] and state that vitamin D supplementa-
tion should be considered when diet does not provide sufficient amounts of vitamin D [79]
or when skin synthesis is lacking [78]. The Finnish underline that unnecessary vitamin D
supplementation should be avoided [79], while the DACH recommendations indicate that
healthy adults with frequent sun exposure may achieve the recommended vitamin D status
without the use of vitamin D supplements [78], and the French that through sun exposure
and food ensuring an adequate vitamin D status is possible [76]. Because vitamin D is
more bioaccessible from food products than from supplements [30]—often requiring much
higher supplement doses than the recommended dietary intakes—and because fatty fish
provide not only vitamin D but also essential and often deficient omega-3 fatty acids [69],
it does seem more beneficial to recommend increasing fatty fish consumption rather than
immediately turning to vitamin D supplements.

However, in view of the findings of the current VISA 2 study, it seems that to maintain
adequate vitamin D status when sunlight is insufficient for cutaneous vitamin D synthesis,
the fatty fish intake must be higher than 175 g weekly.

4.6. Proposed Directions for Future Research

In light of the unexpected results that the intervention was more effective when salmon
sausages were consumed compared to smoked salmon, and considering the mixed results
of research on fish intake and vitamin D status [27], further investigation is needed to
determine optimal fish species, quantities, and forms for maintaining adequate 25(OH)D
levels in regions with insufficient sunlight for cutaneous vitamin D synthesis during
autumn and winter [10,15].

Moreover, given that a significant portion of fish on the market is farmed, with
farmed salmon representing 80% of the global supply [80], and considering that wild
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fish usually have a higher vitamin D content compared to farmed fish [32], as well as
higher concentrations of EPA and DHA despite lower fat content [81], the origin of the fish
should also be taken into account in future studies. Additionally, with many fish stocks
being fully fished or overfished, placing substantial pressure on wild populations [82], and
acknowledging that mushrooms can also be a good source of vitamin D [55], as well as
the growing popularity of plant-based diets [83], research into the vitamin D content of
commercially available mushrooms should also be explored.

5. Conclusions

Despite increasing salmon intake to the recommended levels of weekly fish consump-
tion and consequently raising vitamin D intake, vitamin D status could not be maintained
during the autumn 8-week dietary intervention among young women. Serum concentra-
tions of 25(OH)D decreased in both of the two intervention groups. However, the decrease
in 25(OH)D was significantly smaller in the salmon sausage group compared to the smoked
salmon and the control group. Surprisingly, the decrease after the intervention did not
differ between the smoked salmon and the control group. These results suggest that the
intervention was far more effective when salmon sausages were consumed rather than
smoked salmon, despite both providing similar quantities of vitamin D and a higher total
vitamin D intake in the smoked salmon group. Possible explanations include the higher fat
content in salmon sausages compared to smoked salmon, the fact that salmon sausages
were homogenized while smoked salmon was not, as well as other factors that may have
influenced the metabolism of 25(OH)D.

Also, smaller decreases in 25(OH)D were observed among participants with an inad-
equate baseline vitamin D status compared to those with an adequate vitamin D status.
Therefore, it might be concluded that incorporating salmon sausages into the daily diet
may aid slow down the natural decline of 25(OH)D in autumn in young women, especially
those with very low 25(OH)D concentrations. However, the study also indicates that indi-
vidual differences cannot be forgotten. Further research is needed to explain the observed
differences as it seems that there might be other, not-yet-fully-understood factors, which
influence vitamin D absorption and/or metabolism.
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Abstract: Background/Objectives: Habitual dietary changes that could help reduce the potential
consequences of excessive body mass, such as hyperlipidemia and increased cardiovascular disease
risk, are needed. The aim of this study is to assess the impact of a farmed-salmon-based dietary
intervention on lipid profile parameters in young women with excessive body mass. Methods:
The 8-week intervention involved 38 pair-matched women aged 18-30 years with excessive body
weight defined as BMI > 25.0 kg/ m?2, Participants were randomly assigned to the intervention
(200 g of smoked salmon weekly) or the control group. Lipid profile parameters (total cholesterol
(TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides (TAG)), as well as
atherogenic indices (Atherogenic Index of Plasma (AIP), Atherogenic Coefficient (AC), Cholesterol
Index (Cholindex), Castelli Risk Index 1 (CRI-1), Castelli Risk Index 2 (CRI-2) and the TAG/HDL ratio)
were assessed before, during, and after the intervention. Results: At baseline, 47% of participants
had at least one of the lipid profile parameters outside the recommended range. No statistically
significant differences were observed in the TC, HDL, non-HDL, LDL, or TAG concentrations or in
the various atherogenic indices between the intervention and the control group after the 8-week-long
intervention. However, differences in the change of the LDL concentration were noted, with a
decrease of 8.2 & 20.7 mg/dL in the intervention group compared to an increase of 9.5 £ 20.0 mg/dL
in the control group (p = 0.011), as well as in the change of the Cholindex for which a median decrease
of 4.4 mg/dL was noted in the intervention group, while a median increase of 0.8 mg/dL in the
control group was observed (p = 0.040). Additionally, across participants with a waist-to-height ratio
(WHLtR) greater than 0.5, an increase of 50.0 & 68.3 mg/dL in the intervention group and a decrease
of 8.6 + 56.6 mg/dL in the control group was noted for the TAG concentration change (p = 0.040).
Conclusions: Concerning the observed beneficial influence of increasing farmed salmon intake to
the recommended fish-intake amounts on decreasing LDL and Cholindex in young women with
excessive body weight after 8 weeks, it seems that such a diet alteration might be recommended for
this group to decrease their risk of cardiovascular disease in the future. Nonetheless, regarding the
diverse influence on TAG, further studies are needed to assess the influence of increasing the intake
of fatty fish available on the market at present on human health.

Keywords: smoked salmon; Salmo Salar; finfish; dietary intervention; fish recommendations;
omega-3; EPA; DHA; cholesterol level; atherogenic index; cardiovascular disease

1. Introduction

According to the statistics of the World Health Organization (WHO), excessive body
mass is a global and still growing problem, as, based on data for 2022, globally, 2.5 billion
adults are overweight and 890 million adults are obese; since 1990, the share of obese adults
has more than doubled [1]. Excessive body mass leads to an increased prevalence of various
health problems, with diabetes mellitus, cardiovascular diseases (CVD), hypertension, and
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hyperlipidemia being among the most significant consequences [2]. Recent meta-analyses
have confirmed these risks across various populations, highlighting the increased likeli-
hood of developing diabetes mellitus [3], CVD [4], and hypertension [5] in overweight
and obese individuals, as well as positive changes in serum lipid levels following body
mass reduction [6]. Moreover, a joint expert review of the Obesity Medicine Association
(OMA) and the National Lipid Association (NLA), published in 2024 [7], emphasized that
the indicated problems are linked with one another, as excessive body mass promotes hy-
perlipidemia, which is partly responsible for CVD development, while diabetes mellitus [8]
and hypertension were previously indicated among other contributing factors [9].

It is important to note the higher prevalence of obesity in females compared to males,
as well as the increasing incidence of excessive body mass with age, peaking between
50 and 65 years [10]. However, young adult women experience the highest rate of weight
gain compared to other age groups, which is attributed to lifestyle changes, the transition
to and through university education, and the use of contraceptives [11].

Given the associated health risks, there is a need for comprehensive dietary recom-
mendations that could help reduce not only excessive body mass but also its potential
consequences, such as hyperlipidemia, hypertension, and CVD incidence. The American
Heart Association (AHA) explicitly includes fish and seafood in its guidelines, highlighting
their role in combating some of these health risks. According to the AHA [12], consuming
2-3 servings of fish per week is associated with reduced mortality and a lower incidence
of CVD, including coronary heart disease, myocardial infarction, stroke, and heart fail-
ure [13,14]. Additionally, the recent FAO/WHO background document on the risks and
benefits of fish consumption indicates that there is evidence of an association between
fish intake and reduced risk of CVD [15]. These benefits are primarily attributed to long-
chain omega-3 fatty acids found in fish, particularly when fish replaces other animal-based
products high in saturated fats [16].

However, a systematic analysis by Micha et al. [17], which included data from
266 countries gathered for over 20 years, revealed significant international variation in
mean fish intake. This resulted in a wide range of seafood-derived omega-3 fatty acids
consumption, that is, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) [18]
consumption, from as low as 5 mg to as high as 3886 mg per day. Furthermore, the analysis
indicated that only 45 countries had mean seafood-derived omega-3 fatty acid intakes
that met the current guidelines of over 250 mg per day, a benchmark set by the European
Food Safety Authority (EFSA) based on an analysis of national nutritional guidelines [19].
Notably, in 100 countries representing over 66% of the global adult population, the mean
intake of seafood-derived omega-3 fatty acids was alarmingly low, at less than 100 mg per
day. In Poland, the intake is only slightly higher, with an estimated average of 107 mg per
day [17].

In recent years, various studies assessing the association between fish intake and CVD
risk [20], as well as the impact of increasing fatty fish intake on lipid biomarkers [21], have
been conducted. According to a pooled analysis of 4 international cohort studies of almost
200,000 people from 58 countries by Mohan et al. [20], fish intake of at least 175 g per
week is associated with a lower risk of major CVD among patients with prior CVD, while
according to a meta-analysis of 14 intervention trials of more than 1300 individuals by
Alhassan et al. [21], consuming oily fish led to significant improvements in triglycerides
and high-density lipoprotein levels. What should be noted, however, is that the mean age
of the participants in the study by Mohan et al. [20] was 54.1 £ 8.0 years, and it concerned
patients with prior CVD, while the meta-analysis by Alhassan et al. [21], despite including
studies also conducted among young individuals and those with overweight and obesity,
included studies published only until 2014. This is of importance, as it is indicated that in
recent years, the diets given to farmed fish, such as salmon, have changed toward more
plant-based, which is known to result in decreased sum of EPA and DHA (EPA + DHA)
and increased omega-6 fatty acids [22], which might alter the effects of increasing the
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consumption of fish on human health at present. Therefore, new intervention studies with
fish available on the market now are needed.

As described above, such new studies should particularly focus on young women [10],
who experience the highest weight gain rate compared to other age groups [11] and are,
therefore, vulnerable to the risks and consequences of CVD in the future. In light of this, the
aim of the study was to assess the impact of a farmed-salmon-based dietary intervention
on lipid profile parameters of young women with excessive body mass.

2. Materials and Methods
2.1. General Information

The study was carried out at the Dietetic Outpatient Clinic of the Department of
Dietetics, Warsaw University of Life Sciences (WULS-SGGW), Poland. It followed the
principles outlined in the Declaration of Helsinki and received approval from the Ethics
Committee of the Faculty of Human Nutrition and Consumer Sciences of the Warsaw
University of Life Sciences (No. 27/2018) and the Ethics Committee of the Central Clinical
Hospital of the Ministry of the Interior and Administration in Warsaw (No. 2/2021).
Written informed consent for participation in the study and all its procedures was collected
from all study participants, and they were informed that they could withdraw at any time.
The study procedures were conducted from November 2021 to February 2022, while the
intervention lasted 8 weeks (from December 18 to February 11).

2.2. Studied Group

The recruitment for the study was conducted using the convenience sampling method.
Invitations to participate were shared through university social media channels, and
snowball sampling was also employed to enhance recruitment. The inclusion criteria
were as follows: females aged 18-30, classified as overweight or obese (defined as Body
Mass Index (BMI) > 25.0 kg/ m? [23]), residing in Warsaw or its surroundings (to facilitate
multiple visits to the Dietetic Outpatient Clinic at the Department of Dietetics, Warsaw
University of Life Sciences (WULS-SGGW)), and providing written informed consent.
Exclusion criteria included pregnancy, lactation, adherence to a vegan or any fish-excluding
diet, allergies to fish or seafood, and using omega-3 supplements.

2.3. Dietary Intervention

The intervention involved the consumption of 200 g of smoked salmon weekly in
order to increase the omega-3 fatty acids intake (especially the EPA and DHA). The smoked
salmon was produced from farmed Atlantic salmon (Salmo salar), a species classified in a
FAO/WHO expert consultation as ranking in the first and second groups for having the
lowest concentrations of mercury and dioxins, respectively [24]. Additionally, it is high
in EPA and DHA, which led the FAO/WHO to conclude that the benefits of consuming
farmed Atlantic salmon outweigh the potential risks posed by these contaminants [24].

The consumption of 200 g of salmon per week aligns with fish intake recommendations,
which in most European countries and the United States of America are approximately
150-300 g weekly [25]. This amount was also determined to be potentially easily incorpo-
rated into a habitual diet.

It was decided to use smoked, not fresh, salmon due to the longer shelf-life of smoked
salmon, as well as the fact that smoked salmon can be consumed without any thermal pro-
cessing; hence, its regular consumption is easier and quicker compared to the consumption
of fresh salmon.

The smoked salmon used in the study came from a single producer, Suempol Polska
Ltd., one of Poland’s leading salmon sellers. The salmon, sourced from Norway, was
obtained from the same batch and packaged in identical sliced trays with modified atmo-
sphere packaging. The ingredients of the smoked salmon used in the intervention were
Atlantic salmon (Salmo salar) and salt.
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Due to the large variations in the different fatty acids found in salmons [26,27], their
content in the used product was measured by GBA Polska—a Polish food testing laboratory
(accreditation number AB 1095 [28]; accredited since October 2009). The nutritional value
of the smoked salmon used in the intervention is presented in Table 1. The average daily
portion of smoked salmon based on 200 g per week (approximately 28.6 g) provided around
50 kcal, 5.8 g of protein, and 2.8 g of fat, including 403 mg of omega-3 fatty acids, out
of which the EPA + DHA amounted to 174 mg, which corresponds to 69.6% of the daily
250 mg recommended by the EFSA [19].

Table 1. Nutritional value of the smoked salmon used in the intervention per 100 g.

100 g of Smoked Salmon

Energy, kcal 176

Fat, g 9.87

SFA, g 1.70

MUFA, g 5.23

PUFA, g 2.94
Omega-6 fatty acids, mg 1270
Omega-3 fatty acids, mg 1410
Omega-6/omega-3 ratio 0.9
ALA (C18:3n3), mg 450
EPA (C20:5n3), mg 290
DHA (C22:6n3), mg 320
EPA + DHA, mg 610
Trans fatty acids, g <0.1

Protein, g 20.12

Salt, g 1.67

SFA—saturated fatty acids; MUFA—monounsaturated fatty acids; PUFA—polyunsaturated fatty acids;
Omega-6 fatty acids—the sum of omega-6 fatty acids; Omega-3 fatty acids—the sum of omega-3 fatty acids;
ALA—alpha-linolenic acid; EPA—eicosapentaenoic acid; DHA—docosahexaenoic acid; EPA + DHA—the sum of
eicosapentaenoic and docosahexaenoic acid.

The smoked salmon was given to the participants at no cost, as it was financed within
the research, to enhance compliance with the intervention and ensure that the participants
consumed fish with consistent nutritional value. The participants in the intervention group
were given 200 g of smoked salmon per week, divided into four 50 g packages. Due to
its long shelf-life, participants collected the products once every two weeks (receiving
eight 50 g packages, i.e., 400 g in total) at the Dietetic Outpatient Clinic of the Department
of Dietetics, Warsaw University of Life Sciences (WULS-SGGW), where the study was
conducted. They were instructed to consume 4 packages (equivalent to 200 g) each week.
They were allowed to consume the salmon in four separate 50 g portions on different days
(50 g per day during 4 days of the week) or to divide the packages into smaller portions
for daily consumption throughout the week. However, they were told not to consume
more than 1 package (50 g) in one day. Additionally, to reduce bias related to omitting the
consumption of the provided smoked salmon, participants filled out a daily control sheet
to track their consumption of the intervention product. These records were monitored by
the study researcher.

To assess the dietary intake of the participants at baseline, a three-day dietary record
was used. Participants were instructed how to fill it in correctly, notably to note all foods
and beverages they consumed during two weekdays (working days) and one weekend
day (non-working day), while non-consecutive days characterized by a typical habitual
diet were to be chosen, to specify the amounts using household measures, weight (g) or
volume (mL), to include detailed information about all the products (e.g., fat % of dairy
products, the type of bread, the kind of meat, the name of the shop or restaurant in case
of consuming ready-to-eat meals, the brand of the beverage, etc.). When handing in the
dietary records, each of them was controlled by the study researcher to make sure that
they had been filled in correctly and that nothing had been omitted (e.g., snacks during
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the day). Special attention was placed on fats and oils, especially the ones added to the
foods during meal preparation. In the case of any missing information, it was added at
that stage, while the Polish Album of Photographs of Food Products and Dishes [29] was
used to estimate the portion sizes in case of any uncertainties. The dietary intake analysis
was conducted using Nuvero [30]—a professional dietetic program that uses the food
product database from the Polish Food Composition Tables [31] and the US Department of
Agriculture (USDA) database [32] for raw products with no data in the Polish database. The
following diet characteristics were calculated: energy intake (kcal/day), total protein intake
(g/day), animal protein intake (g/day), plant protein intake (g/day), animal protein/plant
protein ratio in the diet, fat intake (g/day), saturated fatty acids (SFA) intake (g/day),
monounsaturated fatty acids (MUFA) intake (g/day), polyunsaturated fatty acids (PUFA)
intake (g/day), omega-6 fatty acids intake (g/day), omega-3 fatty acids intake (g/day),
omega-6/omega-3 ratio in the diet, linoleic acid (LA) intake (g/day), alpha-linolenic acid
(ALA) intake (g/day), eicosapentaenoic acid (EPA) intake (mg/day), docosapentaenoic acid
(DPA) intake (mg/day), docosahexaenoic acid (DHA) intake (mg/day), cholesterol intake
(g/day), carbohydrates intake (g/day), glucose intake (g/day), fructose intake (g/day),
sucrose intake (g/day), lactose intake (g/day), fiber intake (g/day), as well as the energy
percentage from protein, fats, and carbohydrates.

Aside from the intervention, study participants were instructed to maintain their
regular diets, particularly concerning fish consumption. They were advised not to inten-
tionally remove or add fish to their meals in ways that would alter their usual eating habits.
Consequently, participants in the control group were free to eat any type of fish, including
salmon, as long as it naturally fit into their routine diet. Similarly, those in the intervention
group could include additional fish, beyond what was provided, salmon included, but only
if it aligned with their established eating patterns.

2.4. Measurements

The study comprised two parts, each lasting four weeks, to evaluate participants’
status at the midpoint and after the full eight-week intervention. Lipid profiles were
assessed three times: at baseline (before the intervention, w0), at midpoint (in week 5,
wb), and after eight weeks (in week 9, w9). The anthropometric assessments were also
conducted at baseline, at midpoint (week 5), and after eight weeks of intervention (week 9).

2.4.1. Blood Test

For the lipid profile analysis, specialized nurses at the Warsaw University of Life
Sciences Health Centre collected venous blood samples, which were then analyzed in
Diagnostyka S.A.—a certified medical analysis laboratory in Warsaw. For the blood collec-
tion, the participants were asked to be in a fasting state (not to eat 12 h before the blood
collection, while the last meal should not have been heavy or fatty) and not to drink alcohol
12 h before the measurement. All the blood draws were in the morning, between 7:40 and
9:00 a.m.

The lipid profile analysis included the measurement of total cholesterol (TC) con-
centration (mg/dL), high-density lipoprotein (HDL) concentration (mg/dL), low-density
lipoprotein (LDL) concentration (mg/dL), triglycerides (TAG) concentration (mg/dL),
while the non-HDL concentration (mg/dL) was calculated as the difference between TC
and HDL. The recommended concentrations of the analyzed lipids and lipoproteins consid-
ered normal for individuals at low risk of CVD due to the young age of the participants [33],
are presented in Table 2.

Based on the obtained lipid profile results, the following atherogenic indices were calcu-
lated: Atherogenic Index of Plasma (AIP), Atherogenic Coefficient (AC), Cholesterol Index
(Cholindex), Castelli Risk Index 1 (CRI-1), Castelli Risk Index 2 (CRI-2) and the TAG/HDL
ratio. The API was calculated as API = log(TAG/HDL) with TAG and HDL in molar concen-
trations [34], the AC as the ratio of non-HDL to HDL (ACI = non-HDL /HDL) [35], the Cholin-
dex as the difference between LDL and HDL (Cholindex = LDL—HDL) with LDL and HDL
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in mg/dL concentrations [36], the CRI-1 as the ratio of TC to HDL (CRI-1 = TC/HDL) [37],
and the CRI-2 as the ratio of LDL to HDL (CRI-2 = LDL/HDL) [37], and the TAG/HDL
ratio was calculated using TAG and HDL concentrations expressed in mmol/L [38].

Table 2. Recommended concentrations of the analyzed lipids and lipoproteins considered normal in
the analyses [33].

Recommended Concentration, mg/dL

TC <190.0
HDL >45.0
Non-HDL <145.0
LDL <115.0
TAG <150.0

TC—total cholesterol, HDL—high-density lipoprotein, LDL—low-density lipoprotein, TAG—triglycerides.

2.4.2. Anthropometric Assessment

Participants were given specific instructions to prepare for the anthropometric assess-
ment. They were asked to abstain from alcohol for 24 h before it, avoid vigorous exercise on
the day of the assessment, refrain from drinking fluids for 3 h beforehand, and not eat for
4 h prior. Additionally, they were instructed to urinate just before the measurement, wear
lightweight clothing without metal components (like a wireless sports bra), and remove
any metal items (such as jewelry and watches). Each participant attended individually to
maintain privacy, and their preparation was verified against these guidelines. Participants
were also asked to remove bulky clothing, such as sweaters, and to take off their shoes and
socks for the measurements.

First, weight and height were measured by a calibrated RADWAG WPT 200 OW
scale-stadiometer (accuracy: 0.1 kg and 0.5 cm, range: 2-200 kg and 100-200 cm), and waist
circumference (WC) and hip circumference (HC) were measured using a body measurement
tape, while the waist was defined as the narrowest part of the torso, and the hip as
the widest. The anthropometric measurements were performed according to commonly
accepted protocols [39]. BMI was calculated using the Quetelet equation [23], and the
waist-to-height (WHtR) and waist-to-hip (WHR) ratios were also calculated [40].

Body composition was measured using an AKERN BIA 101 Anniversary Physiolog-
ical Data Analyzer, which uses a current of 50 kHz frequency and 400 pA intensity and
4 electrodes stuck on a person’s hand (2 electrodes) and foot (2 electrodes). The measure-
ment was taken on the dominant (right or left) side of the participant’s body, while if a
participant had metal implants in the body—on the side without these parts. The device
displays the resistance (Rz) and the reactance (Xc), which were then, with the participant’s
age, height, and weight, typed into the BodyGram program which allowed for the estima-
tion of the sodium/potassium ratio (Na/K ratio), fat mass (FM), fat-free mass (FFM), body
cell mass (BCM), body cell mass index (BCMI), muscle mass (MM), total body water (TBW),
extracellular water (ECW), and intracellular water (ICW).

Participants’ results were compared and classified according to the following
reference values:

e  BMI of 25.0-29.9 kg/m? was classified as overweight, while BMI > 30.0 kg/m? as
obesity [23];
WC of at least 88 cm was considered central obesity [7];
WHIR of more than 0.5 was considered an additional risk factor for CVD [40];
Body fat of below 36.0% was classified as normal, 36.0-41.9% as overweight, while of
at least 42.0% as obesity [41].

To enhance adherence, immediately after the measurement, participants received
only their weight and height results, whereas all body composition results were shared at
the end of the study. The anthropometric measurements were conducted at the Dietetic
Outpatient Clinic of the Department of Dietetics at Warsaw University of Life Sciences
(WULS-SGGW).
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Participants were instructed not to make any effort to lose weight during the study.
However, some participants did experience weight loss (with a maximum of 5.0 kg during
8 weeks in the intervention group and 2.1 kg during 8 weeks in the control group). Despite
this, there were no significant differences in body weight at baseline, mid-study, or after the
intervention for the entire study population (p = 0.993), the intervention group (p = 0.960),
or the control group (p = 0.987), as determined by Friedman’s test. At the same time,
the proportion of participants who lost weight and those who did not lose weight in the
intervention and the control group did not differ (in both groups: weight loss n = 10, no
weight loss n = 9; p = 1.000, chi? test).

2.5. Questionnaire

At baseline, all participants filled in an online questionnaire, prepared in GoogleForms,
with questions concerning their socio-behavioral characteristics, as well as questions con-
cerning fish, as follows:

e ‘What is your age?—an open-ended question;

‘What is the highest level of education you have achieved?—a close-ended question

with three possible answers: completed secondary education (technical or general high

school), completed undergraduate studies (holding a bachelor’s degree), or completed
graduate studies (holding a master’s degree);

e ‘How would you evaluate your physical activity? —a close-ended question with three
possible answers: low (performing only essential activities), average (having some
additional physical activity like walking or cycling), or high (practicing sports like
team sports, gym, dance, fitness, running);

e ‘Do you like fatty fish (like salmon, herring, mackerel, sprats, and sardines)?’—a
close-ended question with six possible answers: ‘I don’t like them at all’, ‘I don’t like
them much’, ‘I'm indifferent about them’, ‘I quite like them’, ‘I like them a lot’, or ‘I
don’t know’;

e ‘Do you think it’s true that consuming fish can help lower cholesterol levels?’—a
close-ended question with three possible answers: “True’, ‘False’, or ‘I don’t know’;

e ‘Considering the last 6 months, how often have you consumed fish, fish products and
other seafood (including sushi with fish or seafood)?’—a close-ended question with
ten possible answers: ‘never’, ‘less than once a month’, ‘once a month’, '2-3 times
a month’, ‘once a week’, ‘2 times a week’, ‘3—4 times a week’, ‘5-6 times a week’, ‘once
a day’, or ‘more than once a day’. Due to the small number of responses in certain
categories, for the group description, the answers were grouped into: ‘less than once
a month’ (‘never’ and ‘less than once a month’), ‘one to three times a month’ (‘once
a month” and ‘2-3 times a month’), ‘once a week’, and “at least twice a week’ (‘2 times
a week’, 3-4 times a week’, ‘5-6 times a week’, ‘once a day’, and ‘more than once
a day’), which complies with fish intake recommendations [42—44].

Additionally, considering the fact that smoking seems to be associated with lipid
profile [45] also in women [46], a question concerning the use of cigarettes was asked—a
close-ended question with three possible answers: ‘I smoke traditional cigarettes’, ‘I smoke
e-cigarettes’, or ‘I don’t smoke’. It was followed by an open-ended question concerning the
number of cigarettes smoked in a week.

2.6. Study Course

The course of the conducted study is presented in Figure 1. Out of 57 women who
expressed interest in participating in the study, 46 met the inclusion criteria and were
randomly assigned to either the intervention or control group using a pair-matching method
based on stratified block randomization, with stratification based on lipid profile (deviation
from norms for TC, HDL, non-HDL, LDL, and TAG) and on BM], resulting in 23 women
in each group. The lipid profile parameters were either all within the recommended
range (Table 2) for both paired participants, or some of the parameters were outside the
recommended range for both. The BMI difference between the paired participants was
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not to exceed 10%. This ensured that the lipid profile parameters and BMI, as well as
the number of participants with normal vs. elevated /low lipid profile components, were

comparable between the groups at baseline (p > 0.05).

4 weeks
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|
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Figure 1. Study course. Lipid profile measurement in blood: total cholesterol (TC), high-density

lipoprotein (HDL), non-HDL, low-density lipoprotein (LDL) and triglycerides (TAG). Anthropometric
measurements: weight, height, waist circumference, hip circumference and body composition.
Baseline questionnaire: age, education, physical activity, smoking cigarettes, preference toward fatty

fish, opinion about cholesterol-lowering properties of fish, and habitual intake of fish.
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During the intervention, one participant from the intervention group and three partic-
ipants from the control group were excluded due to failing to attend the blood draws in
week 5. Therefore, after the study finished, their matched participants from the opposite
group (three from the intervention group and one from the control group) were also ex-
cluded from the analysis. As a result, 38 participants (19 from the intervention group and
19 from the control group) were included in the final analyses.

2.7. Statistical Analyses

The threshold for statistical significance was set at p < 0.05, while p < 0.1 was re-
garded as indicative of a trend. The normality of distribution was assessed using the
Shapiro-Wilk test.

The sample size required for the analyses was calculated based on the population of
females in the studied age group living in the Masovian Voivodeship, where the study was
conducted (318,200, according to the Central Statistical Office of Poland [47]). Assuming the
frequency of excessive body mass (BMI > 25.0 kg/m?) of 25.9% in this age group [48], the
target population was determined as 82,414. A 90% confidence level, 15% margin of error,
and 60% dyslipidemia prevalence in the population of overweight/obese individuals [49]
were applied, resulting in an estimated required sample size of 29. The final sample of
38 females was therefore considered sufficient.

To compare the groups, when data were normally distributed and met the homogene-
ity of variance assumption (as determined by Levene’s test, p > 0.05), the Student’s t-test
was applied, while when data were non-normally distributed or normally distributed but
did not meet the homogeneity of variance assumption (as determined by Levene’s test,
p < 0.05), the U Mann-Whitney test was applied. For analyses of differences between the
groups regarding categorical variables, the chi-square (chi?) test with Yates’ continuity
correction was applied.

For more in-depth analyses, the study participants were divided into subgroups based
on their BMI category: overweight (BMI 25.0-29.9 kg/ m?) and obese (BMI > 30.0 kg/ m?) [23]
and based on their WHtR: lower than 0.5 (no additional CVD risk factor) and higher than
0.5 (additional CVD risk factor) [40].

All analyses were conducted using Jamovi (The Jamovi project, version 2.63, Sydney,
Australia) [50] software.

3. Results
3.1. Baseline Characteristics of the Studied Group

The socio-behavioral characteristics of the study participants concerning education,
physical activity, and smoking cigarettes are presented in Table 3. Almost half of the par-
ticipants completed their secondary education, one-third held a bachelor’s degree, and
one-fifth held a master’s degree. Most of them rated their physical activity as average,
one-fourth as low, and one-fifth as high. No differences were noted in the physical ac-
tivity levels between the groups—4 participants (21%) from the intervention group and
5 participants (26%) from the control group assessed it as low, 11 participants (58%) from
the intervention group and 10 participants (53%) from the control group assessed it as
average, and 4 participants (21%) from the intervention group and 4 participants (21%)
from the control group assessed it as high (p = 0.924, chi? test). One in ten declared to
smoke traditional cigarettes, two women declared to smoke e-cigarettes, while more than
80% declared not to smoke.

Table 4 presents the participants” answers concerning their preference toward fatty
fish, their opinion about the cholesterol-lowering properties of fish, and the participants’
habitual fish intake at baseline. Most of the participants declared to like fatty fish a lot,
one-fifth to quite like them, and 5% to be indifferent about them. More than half believed
that eating fish helps decrease cholesterol levels; 5% did not think that, while 42% declared
not to know. The majority of them declared to have consumed fish, fish products, and other
seafood one to three times a month in the last 6 months, 18.5% once a week, also 18.5% at
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least twice a week, and one woman declared to have consumed them less frequently than
once a month.

Table 3. Socio-behavioral characteristics of the study participants concerning education, physical
activity, and smoking cigarettes.

Socio-Behavioral Characteristics Number of Participants (%)
Completed secondary education (technical or general high school) 18 (47%)
Education Completed undergraduate studies (holding a bachelor’s degree) 12 (32%)
Completed graduate studies (holding a master’s degree) 8 (21%)
Low 9 (24%)
Physical activity Average 21 (55%)
High 8 (21%)
Traditional cigarettes 4 (11%)
Smoking cigarettes E-cigarettes 2 (5%)
Not smoking 32 (84%)

Table 4. Participants” answers concerning their preference toward fatty fish, their opinion about
cholesterol-lowering properties of fish, and the participants” habitual fish intake at baseline.

Question Concerning Fish Answer Number of Participants (%)

Likes a lot 28 (74%)

Quite likes 8 (21%)

. Indifferent 2 (5%)

Fatty fish preference Does not like much 0 (0%)

Does not like at all 0 (0%)

Does not know 0 (0%)

T 20 (53%
Agreement with the statement that consuming fish can help F;ilsee 2 ES%) )
lower cholesterol levels I don’t know 16 (42%)

Less than once a month 1 (3%)
Frequency of consuming fish, fish products, and other seafood One to three times a month 23 (61%)
(including sushi with fish or seafood) in the last 6 months Once a week 7 (18.5%)
At least twice a week 7 (18.5%)

Table 5 presents the detailed anthropometric characteristics of the intervention and the
control group at baseline, as well as the weight change from baseline to after the intervention
(w0 to w9). There were no significant differences in all anthropometric characteristics of the
participants between the two studied groups (p > 0.05). The BMI of 15 participants (79%)
in the control group and 14 (74%) in the intervention group corresponded to overweight,
and of 4 participants (21%) in the control group and 5 (26%) in the intervention group to
obesity, and it did not differ between the two groups (p = 1.000, chi? test). Five participants
(26%) in each group had a waist circumference of at least 88 cm (data not presented in the
table). The conducted analysis confirmed that the intervention and control group were
comparable at baseline.

The body composition of the participants from the intervention and the control group
at baseline is presented in Table 6. All of the analyzed body composition characteristics were
the same across the two groups (p > 0.05). Considering the alternative recommendations to
classify overweight and obesity based on body fat mass percentage, instead of BMI, the
body fat of 17 participants (45%) was at least 36% but less than 42%, which is classified as
overweight, the body fat of 13 participants (34%) was at least 42%, which is classified as
obesity, while the body fat of 8 participants (21%) was below 36%, which is classified as
normal (data not presented in the table).
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Table 5. Anthropometric characteristics of the intervention and the control group at baseline, as well
as the weight change throughout the study time.

Intervention Group Control Group
Anthropometric Characteristic tn=19) G =15) p**
Median Median
Mean + SD (Min-Max) Mean + SD (Min-Max)
Age, years 231+37 22.0 (18.0-29.0) 229435 23.0 (19.0-30.0) 0.859
Weight, kg 80.2 £ 11.1 75.6 (66.2-110.8) * 80.1 £9.1 78.2 (67.2-102.5) 0.693
Height, cm 166.6 = 5.4 167.0 (156.5-173.5) 167.6 £5.7 166.0 (157.5-177.0) 0.583
WHItR 0.51 +0.04 0.50 (0.46-0.61) 0.51 £ 0.04 0.50 (0.45-0.59) 0.557
BMI, kg/m? 28.8 +3.1 27.9 (25.5-36.8) * 28.5+2.38 27.9 (25.3-34.5) * 0.885
Waist circumference, cm 85.7+71 84.1 (78.0-106.3) * 84.9 + 6.8 83.5 (75.5-98.2) 0.759
Hip circumference, cm 1112 £ 6.8 109.8 (102.2-126.5) 1124 £51 112.2 (104.8-124.5) 0.532
WHR 0.77 £ 0.03 0.78 (0.72-0.84) 0.75 £ 0.04 0.75 (0.67-0.84) 0.160
Weight change during intervention, kg 04+34 —0.4(=5.0-7.7) 03+1.18 —0.1(-21-4.2) 0.942
* Non-normal distribution (verified using Shapiro-Wilk test; p < 0.05); ** Student’s t-test or U
Mann-Whitney test (depending on data distribution); WHtR—waist-to-height ratio; BMI—body mass index;
WHR—waist-to-hip ratio.
Table 6. Body composition of participants from the intervention and the control group at baseline.
Intervention Group Control Group
Body Composition Characteristic tn=19) G =19) p**
Median Median
Mean + SD (Min-Max) Mean + SD (Min-Max)
Na/K ratio 09+01 0.9 (0.8-1.0) * 09+01 0.9 (0.8-1.0) * 1.000
M, kg 31.7+79 29.6 (23.9-52.8) * 326+59 31.4 (24.4-46.2) 0.385
FM, % 39.2+47 37.6 (32.8-47.7) 405+ 3.7 40.5 (34.6-48.8) 0.327
FEM, kg 484+ 4.7 48.5 (40.7-58.0) 475+ 47 45.4 (40.1-56.8) 0.538
FEM, % 60.8 4.7 62.4 (52.4-67.2) 59.5+37 59.5 (51.2-65.4) 0.327
BCM, kg 253 +3.3 25.4 (19.0-31.0) 244 +31 24.4 (20.4-29.5) 0.422
BCM, % 31.7+33 32.1 (26.0-36.8) 30.5+26 31.5(24.4-34.3) 0.248
BCMI, kg/m? 9.1+09 9.2 (7.3-10.4) 8.7+0.8 8.5 (7.5-10.3) 0.145
MM, kg 31.2+39 31.5(24.0-38.1) 302+3.6 29.9 (25.4-36.2) 0.433
MM, % 39.1+338 39.8 (32.6-44.9) 37.8+£3.0 38.6 (30.5-42.1) 0.251
TBW, L 355+34 35.5(29.8-42.4) 348+34 33.3 (29.3-41.6) 0.537
TWB, % 445+ 3.5 45.8 (38.3-49.3) 43.6+27 43.6 (37.5-47.9) 0.328
ECW, L 167 £ 14 16.8 (14.3-19.7) 16.7 £ 1.6 16.8 (14.2-20.0) 0.862
ECW, % of TBW 473 +£2.6 46.8 (43.7-53.8) 48.0 £ 2.5 48.1 (43.2-52.9) 0.438
ICW, L 187 £ 24 18.9 (14.2-22.9) 181+22 18.0 (15.2-21.7) 0.419
ICW, % of TBW 527 +27 53.3 (46.3-56.3) 520+24 51.9 (47.1-56.5) 0.428

* Non-normal distribution (verified using Shapiro-Wilk test; p < 0.05); ** Student’s t-test or U Mann-Whitney
test (depending on data distribution); Na/K ratio—sodium/potassium ratio, FM—fat mass; FFM—fat-free
mass; BCM—body cell mass; BCMI—body cell mass index; MM—muscle mass; TBW—total body water; ECW—
extracellular water; ICW—intracellular water.

The energy value and macronutrient intake in the diets of the participants from
the intervention and the control group at baseline are presented in Table 7. The diet
characteristics did not differ across the groups (p > 0.05).

3.2. Intervention Efficacy

The lipid profile and the calculated atherogenic indices of the participants from the
intervention and the control group at baseline, during the intervention (after 4 weeks of
intervention, in week 5), and after the intervention (in week 9) are presented in Table 8.
At baseline, the median TC concentration amounted to 171.9 mg/dL in the intervention
group and 174.7 mg/dL in the control group; the HDL to 58.1 mg/dL and 55.9 mg/dL, the
non-HDL to 124.2 mg/dL and 112.9 mg/dL, the LDL to 101.4 mg/dL and 89.3 mg/dL,
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and the TAG to 89.9 mg/dL and 99.4 mg/dL, in the intervention and in the control group,
respectively. The concentrations did not differ between the two groups at baseline (p > 0.05).
Surprisingly, they did not differ during and after the intervention, either (p > 0.05). The
calculated atherogenic indices did not differ across the groups either at baseline or during
and after the intervention (p > 0.05).

Table 7. The energy value and macronutrient intake in the diets of the participants from the interven-
tion and the control group at baseline.

Intervention Group Control Group

Diet Characteristics tn=19) Medi ( =19) Medi p**
edian edian

Mean + SD (Min-Max) Mean + SD (Min-Max)
Energy, kcal 1894 + 459 1834 (891-2718) 1791 + 449 1827 (962-2397) 0.488
Total protein, g 76.1 +16.7 74.6 (48.9-111.5) 75.0 £ 204 71.5 (42.5-113.6) 0.858
Animal protein, g 499 + 16.1 42.3(28.5-80.1) * 48.1 +16.2 47.8 (23.1-81.4) 0.827
Plant protein, g 249 + 6.6 25.4 (11.7-37.4) 25.6 +£11.0 24.0 (10.0-52.8) 0.830
Animal protein/plant protein ratio 22409 2.2 (1.0-3.7) 22+12 2.0(0.5-6.2) * 0.885
Fat, g 78.5 +26.9 76.7 (32.3-136.2) 721+17.7 82.3 (43.5-94.3) * 0.452
SFA, g 29.34+9.8 27.3 (10.5-48.7) 267 +7.3 25.2(13.4-40.2) 0.364
MUFA, g 302+ 121 27.9 (13.8-61.6) 29.0 £ 84 29.8 (15.0-39.5) 0.715
PUFA, g 129+7.1 11.6 (2.8-32.8) * 128 £5.2 11.2 (4.8-23.0) 0.708
Omega-6 fatty acids, g 105+ 6.2 8.7 (2.4-28.2) * 10.2 £ 4.1 9.4 (3.6-20.0) 0.644
Omega-3 fatty acids, g 24+12 2.3(0.4-4.7) 26+15 2.3 (0.7-6.0) 0.743
Omega-6/omega-3 ratio 45+17 42(2.6-8.2) 47+26 42 (2.0-12.9) % 0.954
LA (C18:2n6), g 103 +£ 6.2 8.6 (2.3-28.0) * 10.1 £ 41 9.4 (3.5-19.8) 0.603
ALA (C18:3n3), g 1.9+0.8 2.0(0.4-3.2) 22+ 11 2.2 (0.5-4.0) 0.414
EPA (C20:5n3), mg 128 £+ 137 83 (3-433) * 108 £ 234 10 (0-830) * 0.754
DPA (C22:5n3), mg 52 £+ 50 33 (3-180) * 35+ 60 10 (0-250) * 0.350
DHA(C22:6n3), mg 323 + 345 233 (23-1367) * 254 + 464 57 (10-1800) * 0.610
Cholesterol, g 3545+ 1364  324.1(178.0-698.6) 285.8 £+ 120.0 284.7 (107.6-557.6)  0.108
Carbohydrates, g 217.6 +51.0 217.2 (92.4-305.2) 2151 +64.3 227.8 (99.1-301.0) 0.895
Glucose, g 6.2+ 3.0 6.0 (1.3-13.2) 7.6 +£53 7.1 (1.3-21.0) * 0.644
Fructose, g 72+38 7.3 (1.2-17.3) 8767 6.3 (1.3-26.1) * 0.885
Sucrose, g 341 +184 30.4 (5.3-72.7) 36.6 +23.9 35.2 (5.8-92.7) * 0.908
Lactose, g 74+62 6.0 (1.3-23.5) * 6.6 £5.1 5.6 (1.0-20.5) * 0.795
Fiber, g 16.9 £ 5.1 16.4 (10.2-27.1) 18.6 £ 8.5 17.3 (6.6-38.0) 0.665
Energy from protein, % 16.5 £+ 3.1 16.6 (10.9-22.0) 17.0 £ 3.2 15.8 (12.3-24.8) 0.663
Energy from fats, % 369 £ 6.9 37.8 (24.3-47.8) 36.5+ 4.6 36.1(29.0-44.7) 0.849
Energy from carbohydrates, % 46.6 £ 7.5 45.3 (34.4-64.3) 46.5 £ 6.2 46.6 (36.1-55.7) 0.971

* Non-normal distribution (verified using Shapiro-Wilk test; p < 0.05); ** Student’s t-test or U Mann—-Whitney
test (depending on data distribution); SFA—saturated fatty acids; MUFA—monounsaturated fatty acids;
PUFA—polyunsaturated fatty acids; Omega-6 fatty acids—the sum of omega-6 fatty acids; Omega-3
fatty acids—the sum of omega-3 fatty acids; LA—linoleic acid; ALA—alpha-linolenic acid; EPA—eicosapentaenoic
acid; DPA—docosapentaenoic acid; DHA—docosahexaenoic acid.

The lipid profile changes from baseline to the middle of the intervention (from w0
to wb), from the middle to after the intervention (from w5 to w9), and from baseline to
after the intervention (from w0 to w9) are presented in Table 9. While no statistically
significant differences were observed between the two groups concerning the first half of
the intervention (from w0 to w5; p > 0.05), a trend was noted for the LDL concentration
change in the second half of the intervention (from w5 to w9). In the intervention group,
it decreased with a mean of 5.5 &= 21.4 mg/dL, whereas in the control group, it increased
with a mean of 6.8 & 21.7 mg/dL (p = 0.087). Concerning the whole intervention period,
namely from w0 to w9, a statistically significant difference was observed concerning the
LDL, which decreased on average by 8.2 & 20.7 mg/dL in the intervention group and
increased on average by 9.5 = 20.0 mg/dL in the control group (p = 0.011). Moreover, a non-
significant but very close to statistical significance (p = 0.053) difference was noted for the
TAG concentration change from w0 to w9. A median increase of 17.0 mg/dL was observed
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in the intervention group, while a median decrease of 7.3 mg/dL was seen in the control
group. These results indicate that the intervention was mostly effective concerning the LDL
concentrations. However, what should also be noted is the decreasing p-value in almost
all analyzed lipid metabolites (e.g., TC change: from w0 to w5 p = 0.645, from w5 to w9
p = 0.283, and from w0 to w9 p = 0.199). This might indicate that had the intervention lasted
longer, differences concerning the other lipid metabolites may have also been observed.

Table 8. Lipid profile and the calculated atherogenic indices of participants from the intervention and
the control group at baseline, during the intervention (after 4 weeks of intervention, in week 5), and
after the intervention (in week 9).

Intervention Group Control Group

Measurement Lipid Profile (n=19) (n=19) p

Time Components Median Median
Mean + SD (Min-Max) Mean + SD (Min-Max)

TC, mg/dL 185.4 +£42.8 171.9 (130.3-318.5) * 180.2 £ 29.7 174.7 (142.1-236.3) 0.885

HDL, mg/dL 59.0 + 14.2 58.1 (36.9-87.4) 57.4 +10.8 55.9 (38.9-84.0) 0.701

Non-HDL, mg/dL 126.5 £ 43.1 124.2 (71.1-251.7) * 1229 £ 314 112.9 (86.7-189.5) * 0.885

LDL, mg/dL 105.9 + 384 101.4 (57.7-220.0) * 98.7 + 25.7 89.3 (73.0-159.2) * 0.644

TAG, mg/dL 101.3 £ 35.3 89.9 (46.0-185.3) 120.6 + 62.3 99.4 (53.9-267.0) * 0.549

Baseline (w0) AIP —-0.14+022 —-0.15(-0.48-0.34) —0.08+0.22  —0.13(—0.35-0.38) 0.385

AC 2.30 + 1.04 2.15 (0.89-5.17) 2.25 +0.84 1.84 (1.30-4.05) * 1.000

Cholindex, mg/dL 46.9 +42.5 48.1 (—21.9-153.2) 414 +31.1 29.8 (6.3-103.8) * 0.544

CRI-1 3.30 + 1.04 3.15 (1.89-6.17) 3.25 +0.84 2.84 (2.30-5.05) * 1.000

CRI-2 1.92 £ 0.86 1.84 (0.73-4.16) 1.81 4+ 0.69 1.50 (1.09-3.05) * 0.686

TAG/HDL 0.82 +0.45 0.70 (0.33-2.19) * 0.96 + 0.56 0.73 (0.45-2.39) * 0.470

TC, mg/dL 186.2 £+ 36.1 177.5 (136.4-272.9) 183.9 £ 35.6 184.4 (116.8-245.4) 0.839

HDL, mg/dL 614+ 15.5 58.9 (36.6-88.8) 59.2 +14.8 60.6 (32.4-86.6) 0.657

Non-HDL, mg/dL 124.8 + 35.7 113.3 (69.9-204.1) 124.7 +£ 349 108.0 (76.8-183.1) 0.988

LDL, mg/dL 103.1 £ 33.0 94.5 (59.3-170.8) 101.4 £ 31.0 89.6 (48.1-166.5) 0.864

During the TAG, mg/dL 108.4 +41.3 107.6 (42.8-194.6) 116.5 £ 54.1 98.9 (55.1-265.8) * 0.954

intervention AIP —0.134+0.23 —0.05 (—0.56-0.31) —0.08 £0.23 —0.12 (—0.41-0.55) 0.539

(wb) AC 2.20 + 0.96 1.94 (0.85-4.42) * 2.29 +1.08 1.92 (1.22-5.55) * 1.000

Cholindex, mg/dL 41.7 £ 385 32.4 (—22.5-125.6) 422 + 354 27.2 (—4.7-104.2) 0.973

CRI-1 3.20 + 0.96 2.94 (1.85-5.42) * 3.29 + 1.08 2.92 (2.22-6.55) * 1.000

CRI-2 1.81 £0.84 1.64 (0.73-3.86) * 1.85 + 0.84 1.44 (0.95-3.91) * 0.977

TAG/HDL 0.84 + 0.42 0.89 (0.27-2.05) 0.97 +£0.73 0.75 (0.39-3.58) * 0.908

TC, mg/dL 181.9 +40.0 176.6 (125.8-287.5) 188.1 £ 334 185.7 (142.3-258.1) 0.610

HDL, mg/dL 57.7 + 14.0 56.5 (34.8-83.2) 57.7 +£10.0 58.0 (40.8-78.4) 0.997

Non-HDL, mg/dL 124.3 +40.8 120.2 (71.9-214.6) 130.4 £+ 32.0 132.4 (82.1-199.7) 0.609

LDL, mg/dL 97.7 £ 37.7 99.1 (21.8-191.3) 108.2 + 28.1 105.5 (67.2-171.3) 0.337

After the TAG, mg/dL 1329 £ 73.8 122.1 (58.0-365.4) * 111.0 £41.8 103.1 (49.5-172.8) 0.525

intervention AIP —0.03 +£0.28 —0.01 (—0.41-0.66) —0.104£0.20 —0.09 (—0.48-0.26) 0.395

(w9) AC 234+ 1.14 1.99 (0.91-5.66) * 2.33 £ 0.71 2.10 (1.26-3.88) 0.644

Cholindex, mg/dL 40.0 £41.1 52.3(—32.1-118.4) 50.5 + 29.8 49.5 (5.7-112.9) 0.374

CRI-1 3.34+1.14 2.99 (1.91-6.66) * 3.33+£0.71 3.10 (2.26—4.88) 0.644

CRI-2 1.82 +0.85 1.75 (0.40-3.56) 1.93 4+ 0.60 1.91 (1.07-3.04) 0.638

TAG/HDL 1.15 +0.96 0.98 (0.39-4.58) * 0.87 £+ 0.38 0.82 (0.33-1.84) 0.506

* Non-normal distribution (verified using Shapiro-Wilk test; p < 0.05); ** Student’s ¢-test or U Mann-Whitney test
(depending on data distribution); wO—Dbaseline; w5—after 4 weeks of intervention, in week 5; w9—after 8 weeks
of intervention, in week 9; TC—total cholesterol; HDL—high-density lipoprotein; LDL—low-density lipoprotein;
TAG—triglycerides; AIP—Atherogenic Index of Plasma; AC—Atherogenic Coefficient; Cholindex—Cholesterol
Index; CRI-1—Castelli Risk Index 1; CRI-2—Castelli Risk Index 2.

Table 10 presents the lipid profile changes from baseline to the middle of the inter-
vention (from w0 to wb), from the middle to after the intervention (from w5 to w9), and
from baseline to after the intervention (from w0 to w9) across overweight participants
(BMI 25.0-29.9 kg/ mz). Similar to when all participants were included in the analysis, the
observed difference between the two groups was noted for the LDL change from w0 to
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w9. A mean decrease of 3.6 = 19.1 mg/dL was observed in the intervention group, while
an increase of 12.6 & 20.7 mg/dL was noted in the control group (p = 0.038). Interestingly,
a trend of differences was seen in the change of non-HDL from w0 to w9 in this analy-
sis. While a mean increase of 11.6 £ 18.3 mg/dL was noted in the control group, in the
intervention group, it was almost constant (0.1 & 17.3 mg/dL; p = 0.095).

Table 9. Lipid profile changes from baseline to the middle of the intervention (from w0 to w5), from
the middle to after the intervention (from w5 to w9), and from baseline to after the intervention (from

w0 to w9).
Intervention Group Control Group

Period of Lipid Profile (n=19) (n=19) p

Change Components Median Median

Mean £+ SD (Min-Max) Mean + SD (Min—Max)

TC, mg/dL 0.8 +18.4 1.0 (—45.6-31.3) 3.6+ 1838 6.0 (—25.3-38.8) 0.645
Chanee f HDL, mg/dL 254+ 6.1 1.3 (—5.8-18.1) 1.8 +6.9 4.6 (—14.4-12.3) 0.770
ag‘ge rgm Non-HDL, mg/dL ~ —16+173  —1.2(—47.6-24.2) 1.8+ 132 1.3 (—16.6-30.8) 0.498
wihtow LDL, mg/dL —274+167  —3.5(—49.2-22.3) 26+175 0.0 (—33.3-43.2) 0.342
TAG, mg/dL 7.2 +40.8 —1.1(-75.9-1062)  —414379  —82(—109.5-89.8)*  0.370
TC, mg/dL —43+194  —0.3(—46.4-32.0) 424281 5.1 (—57.3-41.0) 0.283
Change § HDL, mg/dL —37+79 —25(—24.0-10.0) —15+108 —1.5(—19.7-21.3) 0.473
a;‘ge rgm Non-HDL, mg/dL ~ —0.6 + 183 4.9 (—26.3-42.6) 5.8 +23.6 4.5 (—41.2-46.1) 0.364
wotow LDL, mg/dL —55+214  —5.0(—45.8-41.6) 6.8 +21.7 0.4 (—44.4-40.2) 0.087
TAG, mg/dL 2444674  220(—61.1-256.0)  —55+462 4.2 (—94.1-58.6) 0.234
TC, mg/dL —354+208  —32(—40.0-464)*  7.9+229 12.8 (—37.3-49.4) 0.199
Change § HDL, mg/dL ~13+87 —2.1(—22.6-18.0) 03+94 —1.3(—12.7-25.9) 0.590
a(‘)‘ge r‘g’m Non-HDL, mg/dL. ~ —22+174  —1.4(—37.1-38.9) 75+19.3 7.4 (—31.3-41.3) 0.111
wltow LDL, mg/dL —824207  —7.9(—48.0-38.2) 9.5 +20.0 8.0 (—14.4-60.1) 0.011
TAG, mg/dL 31.6 £ 572  17.0 (—42.0-180.1)*  —9.6 +49.3 —7.3(—105.3-68.4) 0.053

* Non-normal distribution (verified using Shapiro-Wilk test; p < 0.05); ** Student’s ¢-test or U Mann-Whitney test
(depending on data distribution); wO—Dbaseline; w5—after 4 weeks of intervention, in week 5; w9—after 8 weeks
of intervention, in week 9; TC—total cholesterol; HDL—high-density lipoprotein; LDL—low-density lipoprotein;
TAG—triglycerides.

In the subgroup of obese participants (BMI > 30.0 kg/m?), no differences were noted be-
tween the intervention and the control group (p > 0.05), probably due to the small number of
participants (n = 9; 5/4—intervention/control group) (Supplementary Materials Table S1).

The lipid profile changes from baseline to the middle of the intervention (from w0 to
wb), from the middle to the end of the intervention (from w5 to w9), and from baseline to
after the intervention (from w0 to w9) across participants with a WHtR > 0.5 are presented
in Table 11. In this subgroup, differences concerning the LDL and TAG change from
baseline to after the intervention (w0 to w9) were noted. Regarding the LDL change, in
the intervention group, a mean decrease of 12.8 + 21.8 mg/dL was observed, while in the
control group, an increase of 7.7 £ 18.1 mg/dL was indicated (p = 0.027), similar to when
all participants were taken into the analysis. Additionally, the TAG change, which showed
a non-significant but very close to statistical significance difference when all participants
were taken into consideration, showed a statistically significant difference (p = 0.040) across
participants with a WHIR > 0.5 with, again, an increase of 50.0 £ 68.3 mg/dL in the
intervention group and a decrease of 8.6 £ 56.6 mg/dL in the control group.

In the subgroup of participants whose WHtR was lower than 0.5 (n = 16;
8/8—intervention/control group), which is considered normal, there were no statistically
significant differences between the lipid profile changes across the two groups (p > 0.05)
(Supplementary Materials Table 52). These results indicate that among participants with
a greater than 0.5 WHIR, the intervention was associated with a positive from a health
perspective decrease in LDL and a negative from a health perspective increase in TAG.
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Table 10. Lipid profile changes from baseline to the middle of the intervention (from w0 to w5), from
the middle to after the intervention (from w5 to w9), and from baseline to after the intervention (from
w0 to w9) across overweight participants (BMI 25.0-29.9 kg/ m?).

Intervention Group Control Group
Period of Lipid Profile (n=14) (n =15) p**
Change Components Median Median
Mean + SD (Min-Max) Mean £+ SD (Min-Max)
TC, mg/dL 37+154 2.7 (—16.4-31.3) 6.3 + 185 6.0 (—25.3-38.8) 0.693
h ; HDL, mg/dL 19468 1.0 (—5.8-18.1) * 30+58 4.7 (—10.0-12.3) 0.371
agge r‘S’m Non-HDL, mg/dL 1.9 +14.2 —1.2(-13.9-24.2) 3.3 +14.0 1.3 (—16.6-30.8) 0.782
wltow LDL, mg/dL 0.0 +£133 —0.3 (—20.8-22.3) 3.7+192 0.0 (—33.3-43.2) 0.554
TAG, mg/dL 9.3 +30.6 —1.0 (—49.7-64.1) ~19+419 —7.7 (—109.5-89.8) 0.424
TC, mg/dL —504+192  —0.9 (—46.4-32.0) 5.8 +30.9 6.2 (—57.3-41.0) 0.270
h ; HDL, mg/dL —33+85 —2.5 (—24.0-10.0) —2549.0 —3.0 (—16.1-15.0) 0.805
"‘;‘ge rgm Non-HDL, mg/dL ~ —1.7 +19.0 0.1 (—25.0-42.6) 83 +255 6.6 (—41.2-46.1) 0.245
wo tow LDL, mg/dL —36+185  —3.6(—39.5-41.6) 8.9 +24.1 12.1 (—44.4-40.2) 0.131
TAG, mg/dL 9.4 +374 6.0 (—61.1-85.5) —31+415 4.2 (—76.9-58.6) 0.404
TC, mg/dL —13+225  —3.6(—40.0-46.4)*  12.1 4209 15.2 (—20.2-49.4) 0.169
h ; HDL, mg/dL ~144100  —1.6(—22.6-18.0) 0.5+ 6.9 0.0 (—9.2-9.3) 0.556
aé‘ge rgm Non-HDL, mg/dL 0.1+173 —2.3 (—24.0-38.9) 11.6 + 183 10.3 (—16.1-41.3) 0.095
wltow LDL, mg/dL —3.6+19.1 —7.1 (—34.3-38.2) 12.6 +20.7 11.8 (—12.4-60.1) 0.038
TAG, mg/dL 18.6 £29.9 14.2 (—14.4-84.7) —504475 —7.3 (—105.3-68.4) 0.124
* Non-normal distribution (verified using Shapiro-Wilk test; p < 0.05); ** Student’s t-test or U Mann-Whitney test
(depending on data distribution); wO0—Dbaseline; w5—after 4 weeks of intervention, in week 5; w9—after 8 weeks
of intervention, in week 9; TC—total cholesterol; HDL—high-density lipoprotein; LDL—low-density lipoprotein;
TAG—triglycerides.
Table 11. Lipid profile changes from baseline to the middle of the intervention (from w0 to w5), from
the middle to after the intervention (from w5 to w9), and from baseline to after the intervention (from
w0 to w9) across participants with a WHitR > 0.5.
Intervention Group Control Group
Period of Lipid Profile (n=11) (n=11) p
Change Components Median Median
Mean + SD (Min-Max) Mean + SD (Min-Max)
TC, mg/dL 414212 6.4 (—45.6-31.3) 46+212 8.7 (—24.2-38.8) 0.956
h ; HDL, mg/dL 29+50 2.0 (—5.8-12.8) 13+ 71 4.6 (—144-8.0)* 1.000
a[‘)‘ge rgm Non-HDL, mg/dL 1.2 +20.1 2.4 (—47.6-23.6) * 32+154 3.6 (—16.6-30.8) 0.949
witow LDL, mg/dL —02419.9 2.9 (—49.2-22.3) 5.7 +£18.2 5.2 (—13.4-43.2) 0.479
TAG, mg/dL 9.9 + 485 —0.8(—75.9-1062) —12.1+373  —8.4(—109.5-35.8) * 0.401
TC, mg/dL —89+208  —3.4(—464-16.2) —0.8+31.2 5.1 (—57.3-41.0) 0.480
h ; HDL, mg/dL —43+86 —3.3 (—24.0-6.8) —35+119 —6.0 (—19.7-21.3) 0.846
ange oM Non-HDL, mg/dL ~ —4.6 + 17.2 2.2 (—26.3-21.5) 2.7 £28.1 4.5 (—41.2-46.1) 0.473
w5 tow9d LDL, mg/dL —12.6 +£222  —11.6 (—45.8-20.5) 204225 —2.3(—44.4-35.8) 0.141
TAG, mg/dL 402 +817  30.1(—49.8-256.0)*  3.5+52.6 16.0 (—94.1-58.6) 0.519
TC, mg/dL —48+4208  —2.1(—40.0-384) 3.8+235 15.2 (—37.3-30.6) 0.372
h ; HDL, mg/dL ~15+82 —03(—22.6-83)*  —21+108 —6.0 (—12.7-25.9) * 0.217
a(‘)‘ge rgm Non-HDL, mg/dL ~ —34+170  —1.4(—37.1-30.1) 5.9+ 21.1 8.1 (—31.3-39.2) 0.269
wltow LDL, mg/dL —12.8+21.8  —10.1(—48.0-27.8) 7.7 +18.1 12.1 (—14.4-36.3) 0.027
TAG, mg/dL 50.0 + 68.3 329 (—42.0-180.1)  —8.6 £ 56.6 7.6 (—105.3-68.4) 0.040

* Non-normal distribution (verified using Shapiro-Wilk test; p < 0.05); ** Student’s t-test or U Mann-Whitney test
(depending on data distribution); wO0—Dbaseline; w5—after 4 weeks of intervention, in week 5; w9—after 8 weeks
of intervention, in week 9; TC—total cholesterol; HDL—high-density lipoprotein; LDL—low-density lipoprotein;
TAG—triglycerides.

The number of participants with lipid profile components considered as normal vs.
elevated/low at baseline, during, and after the intervention is presented in Table 12. While
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no differences across the two studied groups were observed either at baseline or during
and after the intervention (p > 0.05), what should be noted is that at baseline, 32% of all
participants had elevated total cholesterol concentrations, 16% had low HDL concentrations,
24% had elevated non-HDL concentrations, 29% had elevated LDL concentrations, and
16% had elevated TAG concentrations. Notably, at baseline, 18 of all participants (47%) had
at least one lipid profile parameter outside the recommended range (data not presented in
the table).

Table 12. Number of participants with lipid profile components considered as normal vs. ele-
vated/low at baseline, during the intervention (after 4 weeks of intervention, in week 5), and after
the intervention (in week 9).

Intervention Group Control Group *
(1 =19) (n=19) P
Measurement Lipid Normal Elevated Low Normal Elevated Low
Time Profile Concentration  Concentration = Concentration = Concentration = Concentration  Concentration
Components n (%) n (%) n (%) n (%) n (%) n (%)

TC 13 (68%) 6 (32%) - 13 (68%) 6 (32%) - 1.000
HDL 15 (79%) - 4 (21%) 17 (89%) - 2 (11%) 0.656
Baseline (w0) Non-HDL 15 (79%) 4 (21%) - 14 (74%) 5 (26%) - 1.000
LDL 13 (68%) 6 (32%) - 14 (74%) 5 (26%) - 1.000
TAG 17 (89%) 2 (11%) - 15 (79%) 4 (21%) - 0.656
TC 10 (53%) 9 (47%) - 11 (58%) 8 (42%) - 1.000
During the HDL 15 (79%) - 4(21%) 15 (79%) - 4 (21%) 1.000
intervention Non-HDL 13 (68%) 6 (32%) - 14 (74%) 5 (26%) - 1.000
(w5) LDL 12 (63%) 7 (37%) - 10 (53%) 9 (47%) - 0.742
TAG 16 (84%) 3 (16%) - 17 (89%) 2 (11%) - 1.000
TC 13 (68%) 6 (32%) - 12 (63%) 7 (37%) - 1.000
After the HDL 15 (79%) - 4 (21%) 18 (95%) - 1 (5%) 0.337
intervention Non-HDL 14 (74%) 5 (26%) - 14 (74%) 5 (26%) - 1.000
(w9) LDL 13 (68%) 6 (32%) - 12 (63%) 7 (37%) - 1.000
TAG 15 (79%) 4 (21%) - 15 (79%) 4 (21%) - 1.000

* Chi? test with Yates’ correction; wO—baseline; w5—after 4 weeks of intervention, in week 5; w9—after 8 weeks
of intervention, in week 9; TC—total cholesterol; HDL—high-density lipoprotein; LDL—low-density lipoprotein;
TAG—triglycerides; normal concentration of TC: <190.0 mg/dL; elevated concentration of TC: >190 mg/dL;
normal concentration of HDL: >45.0 mg/dL; low concentration of HDL: <45 mg/dL; normal concentration of
non-HDL: <145.0 mg/dL; elevated concentration of non-HDL: >145.0 mg/dL; normal concentration of LDL:
<115.0 mg/dL; elevated concentration of LDL: >115.0 mg/dL; normal concentration of TAG: <150.0 mg/dL;
elevated concentration of TAG: >150 mg/dL.

Table 13 presents the number of participants for whom a positive change was ob-
served considering a decrease (of TC, non-HDL, LDL, TAG) or an increase (of HDL) in
the concentration of the specific lipid profile components from baseline to after 8 weeks
of the intervention. Importantly, a trend of differences was noted for the total cholesterol
change. On a level close to significance, more participants from the intervention group
experienced a decrease (a positive change) in the concentration of total cholesterol after
8 weeks of the intervention compared to the participants from the control group (p = 0.100).
No differences were noted for the other lipid profile components (p > 0.05).

The changes in the analyzed atherogenic indices during the study (from baseline
to after the intervention, w0 to w9) are presented in Table 14. A difference across the
intervention and the control group was seen for the Cholindex. While a median decrease of
4.4 mg/dL was noted in the intervention group, in the control group, a median increase
of 0.8 mg/dL was observed (p = 0.040). Additionally, trends of differences were noted for
the change of the AIP index, the CRI-2 index, and the TAG/HDL ratio (p = 0.054, p = 0.099,
p = 0.057, respectively).

The number of participants whose indices decreased vs. those whose indices were
stable or increased during the study between the two groups was also analyzed for all the
indices separately. However, no differences were noted for any of the indices (p > 0.05, chi?
test) (data not presented in the table).



Nutrients 2024, 16, 4051

17 of 26

Table 13. Number of participants for whom a positive change was observed considering a decrease
(of TC, non-HDL, LDL, TAG) or an increase (of HDL) in the concentration of the specific lipid profile
components from baseline to after 8 weeks of the intervention (in week 9).

Intervention Group Control Group

(n=19) (n=19) .
. . X Positive Change  Negative Change  Positive Change  Negative Change

Lipid Profile Components 1 (%) 1 (%) 1 (%) 1 (%)
TC decrease from w0 to w9 14 (74%) 5 (26%) 8 (42%) 11 (58%) 0.100
HDL increase from w0 to w9 8 (42%) 11 (58%) 8 (42%) 11 (58%) 1.000
Non-HDL decrease from w0 to w9 10 (53%) 9 (47%) 8 (42%) 11 (58%) 0.745
LDL decrease from w0 to w9 12 (63%) 7 (37%) 7 (37%) 12 (63%) 0.194
TAG decrease from w0 to w9 6 (32%) 13 (68%) 11 (58%) 8 (42%) 0.192

* Chi? test with Yates’ correction; wO—baseline; w5—after 4 weeks of intervention, in week 5; w9—after 8 weeks
of intervention, in week 9; TC—total cholesterol; HDL—high-density lipoprotein; LDL—low-density lipoprotein;
TAG—triglycerides; positive change—defined as a decrease in a lipid profile component concentration from w0 to
w9 (change lower than 0 mg/dL) as for: TC, non-HDL, LDL and TAG, or an increase in the concentration of HDL
from w0 to w9 (change greater than 0 mg/dL).

Table 14. The changes in the analyzed atherogenic indices during the study (from baseline to after
intervention, w0 to w9).

Intervention Group
(n=19) (n=19)

Control Group

Atherogenic Index p**
Median Median

Mean & SD (Min—Max) Mean & SD (Min—Max)
AIP 0.10 £0.18 0.08 (—0.21-0.48) —0.03 £ 0.22 —0.07 (—0.56-0.36) 0.054
AC 0.04 £0.41 0.13 (—1.00-0.54) * 0.08 £ 0.50 0.16 (—1.41-0.96) * 0.977
Cholindex, mg/dL —6.9+19.9 —4.4 (—43.8-30.7) 9.1+184 0.8 (—12.3-52.0) * 0.040
CRI-1 0.04 £ 0.41 0.13 (—1.00-0.54) * 0.08 £ 0.50 0.16 (—1.41-0.96) * 0.977
CRI-2 —0.10 + 0.41 —0.02 (—0.87-0.48) 0.12 £0.40 0.06 (—0.93-0.75) 0.099
TAG/HDL 0.32 £ 0.63 0.16 (—0.34-2.39) * —0.09 £ 0.48 —0.09 (—1.06-0.69) 0.057

* Non-normal distribution (verified using Shapiro-Wilk test; p < 0.05); ** Student’s ¢-test or U Mann-Whitney
test (depending on data distribution); AIP—atherogenic index of plasma; AC—atherogenic coefficient;
Cholindex—cholesterol index; CRI-1—Castelli risk index 1; CRI-2—Castelli risk index 2; TAG—triglycerides;
HDL—high-density lipoprotein.

4. Discussion
4.1. Participants’ Preference Toward Fatty Fish, Opinion About Cholesterol-Lowering Properties of
Fish, and Habitual Fish Intake at Baseline

Almost three in four participants indicated liking fatty fish (such as salmon, herring,
mackerel, sprats, and sardines) a lot, while one-fifth declared to quite like them. Only 5%
indicated to be indifferent about them, while none stated not to like them. Given that the
average intake of seafood-derived omega-3 fatty acids in Poland is below the recommended
levels [17], as well as that fatty fish are recommended as part of a healthy diet [42-44],
especially for people at higher cardiovascular risk [12] this seems to be a promising result.
However, the method of gathering the study participants was convenience sampling;
therefore, these results cannot be seen as representative. Interestingly, more than half of the
participants believed that consuming fish can help lower cholesterol levels, which is true
according to the meta-analysis by Alhassan et al. [21]. However, what seems unexpected
considering the declarations of liking fatty fish described above, only 18.5% of participants
comply with the recommendations to consume fish at least twice a week [42—44]. Most of
them declared to consume fish only one to three times a month. This indicates that despite
a high preference for fatty fish, these young Polish women do not consume them on a
regular basis.
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4.2. Cardiovascular Risk Characteristics of the Study Participants

The results from the presented study indicate that the problem of dyslipidemia occurs
among overweight and obese women despite their young age (18-30 years). Depending on
the specific lipid profile parameters, between 16 and 32% of all participants had elevated
TC, LDL, non-HDL or TAG, or low HDL before the intervention began. However, what
is even more alarming, almost every second participant had at least one parameter of
the lipid profile outside the recommended range. This problem is also observed among
even younger people worldwide. In the USA, 25% of adolescents aged 12-19 have at
least one adverse level of TC, LDL, HDL, non-HDL, TAG, or apolipoprotein B [51]. In a
recently published study conducted among Chinese college students, 13% of them were
found to have dyslipidemia [52], while its prevalence among Saudi Arabia adolescents
aged 10-19 accounts for 25% [53]. The rate of dyslipidemia in the presented study (47%)
is higher than in the cities studies [51-53], probably due to the fact that it considered only
participants with overweight or obesity, contrary to the cited cross-sectional studies in
which participants with normal body mass and underweight were also included [51-53].

Almost one-third of the study participants were classified as central obese based on
their waist circumference [7], while more than half of them had a waist-to-height ratio
above 0.5. According to a meta-analysis by Xue at al. [40], both increased WC and WHtR
were found to increase the risk of cardiovascular disease, which underlines how important
it is to search for interventions aiming at decreasing that risk. Moreover, one-fourth of the
participants declared to have low physical activity, which is alarming, as physical activity is
known to have a positive effect on managing cardiovascular disease risk [7]. According to a
study by Huffman et al. [54], a rigid, supervised exercise intervention resulted in beneficial
effects on lipid profile characteristics regardless of adhering to the diet recommended by
the AHA [54].

4.3. Intervention Efficacy in Improving Lipid Profile Components

While no differences between the intervention and the control group were noted
considering the absolute values of the concentrations of the different lipid profile parame-
ters (TC, HDL, non-HDL, LDL, TAG) either during or after the intervention, differences
considering the concentration changes were observed. After 8 weeks of consuming 200 g
of farmed smoked salmon weekly, participants from the intervention group experienced
a decrease in the LDL concentration, while during the same period, those from the con-
trol group experienced an increase. A recent meta-analysis by Hasan et al. [6] concluded
that a lifestyle intervention resulting in a loss of 1 kg of body weight reduces the LDL by
1.28 mg/dL (95% CI, —2.19 to —0.37 mg/dL). In the presented study, incorporating 200 g
of smoked salmon into a weekly diet resulted in a more than sixfold reduction in LDL,
which is a very promising result in favor of increasing fatty fish intake.

The meta-analysis by Alhassan et al. [21] indicated that moderate consumption of
20-150 g of oily fish per day is associated with statistically significant decreases in TAG
and increases in HDL in comparison with a control group [21]. Although in the presented
study, the salmon fish consumption corresponded to 28.6 g of oily fish per day, which is
in the range stated to be effective in the meta-analysis by Alhassan et al. [21], the results
were markedly different. In the presented study, no significant differences concerning the
HDL and TAG were observed, whereas the meta-analysis by Alhassan et al. [21] did not
show significant effects of oily fish consumption on LDL concentration change, contrary
to the presented study. A more recent review of intervention studies stated that while
some fish-based interventions resulted in decreasing TAG, other studies did not report
any significant effects concerning the TAG, especially when the TAG was not elevated at
baseline [55].

Interestingly, no differences between the two groups were seen during the first 4 weeks
of the intervention; only a trend of differences was noted for the w5 to w9 change of the
LDL, and a statistically significant difference was noted only for the w0 to w9 change.
This indicates that there might be more time needed to observe any changes in the lipid
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profile. On the other hand, a crossover intervention study among normolipidemic to mildly
hyperlipidemic but apparently healthy men and women aged 23-65 in the USA, in which
one of the intervention groups consumed around 226 g of salmon weekly, resulted in
decreases in TAG and increases in HDL compared to the control group only after 4 weeks,
indicating that even such a short time might be sufficient to observe statistically significant
changes [56]. Such different results are probably due to the fact that the cited study [56]
was a controlled feeding trial in which the diets did not include any omega-3-fatty-acid-
rich foods other than those being tested (even concerning the use of oils, only olive oil
and corn oil were allowed as added fats), whereas the presented study assumed a more
real-life context, in which the participants in the control group were instructed not to alter
their usual eating habits; therefore, they were allowed to consume fish and other omega-3
sources. Additionally, the cited study [56] was published in 2009, which might indicate that
the salmon used in it might have had a significantly different nutritional value compared
to the salmon used in the present study (as in recent years, the diets given to farmed
salmon have changed resulting in changed nutritional value [22]); however, no detailed
information about the salmon used in it was provided. Moreover, the older age of the
participants in the cited study [56] might have played a role, too.

Concerning the various atherogenic indices analyzed in the presented study, differ-
ences across the two studied groups were seen for the Cholindex change during the study.
A positive from a health perspective decrease was noted in the intervention group, while
a negative from a health perspective increase was observed in the control group. These
differences correspond to the fact that differences concerning the LDL changes across the
groups were indicated, as the LDL concentration is used in the formula to calculate Cholin-
dex. Nevertheless, a decrease in that index is very positive, as it is considered to be more
strongly associated with CVD risk than other lipid parameters considered individually [36].

The results of the presented study indicate that the intervention was mostly effec-
tive concerning the LDL concentrations and, consequently, the changes in the Cholindex.
However, what should also be noted is the decreasing p-value in almost all analyzed
lipid metabolites. This might indicate that had the intervention lasted longer, differences
concerning the other lipid metabolites may have also been observed.

A negative change observed in the presented study was the increase in TAG in the
intervention group compared to the control group. While for the whole studied group, the
difference was very close to statistically significant, for participants of higher cardiovascular
risk (WHLtR > 0.5), the difference was statistically significant, and an increase was noted
in the intervention group and a decrease in the control group. Contrary to these results,
results from a 4-week intervention study in which overweight men and women consumed
farmed Atlantic salmon twice a week with different portion sizes ranging from 90 to 270 g
indicated that even at the lowest salmon intakes, namely 180 g weekly, decreases in TAG
were observed [57]. Additionally, the previously cited meta-analysis by Alhassan et al. [21],
as well as a more recent review of randomized control trials [55], stated that consuming
oily fish seems to have a TAG-lowering effect in both healthy and non-healthy populations.
However, the latter review [55] also indicated lipidomics studies in which increases in some
of the TAGs (usually those with a longer chain and a greater number of desaturations such
as TAG(22:6) and TAG(20:5) or TAG(56:5) and TAG(56:7)) were associated with increasing
fatty fish intake, suggesting that fish intake does not only influence TAG concentrations but
possibly also remodels the structure. It concluded that determining the optimal quantity of
fish needed to effectively reduce TAG remains challenging [55].

The changes in the lipid profile parameters observed in the presented study, namely
the decrease in LDL concentration and the TAG concentration increase in the intervention
group, can be most probably attributed to the long-chain omega-3 fatty acids found in
salmon, such as the ALA, EPA, and DHA. The presence of EPA and DHA, primarily found
in fish and seafood [18], is the reason why fish are recommended in various nutritional
guidelines [25], including the ones from the AHA, to reduce cardiovascular risk [12,16].
However, in intervention studies using purified EPA and DHA, EPA was found not to
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influence LDL concentrations, while the DHA increased its concentrations [58], contrary to
the results of the presented study. On the other hand, replacing SFA with MUFA was seen
to lower LDL concentration in moderately hypercholesterolemic individuals [59], while
replacing the intake of oil high in LA and low in ALA with oils high in MUFA and ALA
and low in LA resulted in LDL concentration decreases [60]. Because in the presented
study MUFA accounted for 53%, while omega-3 fatty acids accounted for 14% of the whole
fat in the intervention salmon, it might somehow explain the results. On the other hand,
the omega-6 content was as high as omega-3 and also accounted for 14%. Contrary to the
cited studies [59,60], a meta-analysis by Cao et al. [61] indicated that the consumption of
MUFA does not affect LDL concentrations but can lower TAG. Moreover, as described
above, other fish-based intervention studies [56,57] and meta-analyses [21,55] found that
increasing oily fish intake reduces TAG and increases HDL, which was not observed in the
presented study.

4.4. Content of Various Fatty Acids in Salmon

Although salmon belongs to the group of fatty fish, which are known to be good
sources of omega-3 fatty acids [62], it seems that the differences between various salmon
samples are huge, which can be seen when comparing the nutritional value of 100 g of the
smoked salmon used in the intervention with data for smoked salmon from the USDA [63].
In the presented study, the MUFA corresponded to 5.23 g, while in the USDA database, to
2.02 g; the ALA (C18:3n3) in the presented study was 450 mg, while PUFA 18:3 in USDA
is 0 mg; the EPA in the presented study was 290 mg, in the USDA database 183 mg; the
DHA in the presented study was 320 mg, while in the USDA database 267 mg [63]. In the
presented study, the total lipids corresponded to 9.87 g and in the USDA database to 4.32 g,
which is also associated with the energy value of the smoked salmon—in the presented
study 176 kcal and in the USDA database 117 kcal per 100 g [63]. The smoked salmon
used in the intervention was of farmed origin, while the one in the USDA database may
have been, as it is not stated there, of wild origin. An analysis of the different fatty acids in
salmon of various origins [27] confirms this difference. While the omega-6/omega-3 ratio
in farmed salmon in that analysis was 0.7 &= 0.01, similar to 0.9 in the salmon used in the
intervention, in wild salmon, it was 0.05 & 0.01, which is more than ten times less [27].

A more profound insight can be provided when analyzing the fatty acid composition
of raw farmed Atlantic salmon according to the USDA database [64]. According to that
analysis, the EPA in the salmon was 862 mg compared to 290 mg in the salmon used in the
intervention, and the DHA 1100 mg compared to 320 mg [64]. In both cases, the content
of the beneficial fatty acids (EPA and DHA) is around three times more in the salmon
in the USDA table than in the salmon used in the intervention. Importantly, these data
were not updated after 2008 [64], which might indicate that the nutritional value of farmed
Atlantic salmon has changed substantially in recent years, with less EPA and DHA at
present. This seems to be reflected in intervention studies conducted using farmed Atlantic
salmon. In the presented study, which was conducted in 2021-2022, the 200 g of smoked
salmon weekly provided 174 mg of EPA + DHA daily, while in a study of a similar design
but conducted ten years before (2010-2012) [57], 180 g of farmed Atlantic salmon weekly
provided 307 mg of these fatty acids, which is 1.8 times more than in the presented study.
These differences might be due to the different feed provided to the salmon as well as the
fact that the cited study was conducted in the USA [57], while the presented one was in
Poland. Nevertheless, the differences in the EPA + DHA content in various salmon samples,
even across farmed Atlantic salmon, are clear.

One might wonder whether the process of smoking does not decrease the amount of
the beneficial EPA and DHA. However, studies show that the EPA and DHA concentrations
in Atlantic salmon after cold smoking are not different than in raw salmon, while the
process of smoking has a protective effect on the EPA and DHA, with a three times higher
loss of these fatty acids in raw samples compared to smoked samples during storage [65].
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A small cross-over study conducted in a group of 20 clinically healthy adults showed
very interesting and thought-provoking results concerning the influence of the content
of EPA + DHA and omega-6/omega-3 on lipid profile [66]. Participants in that study
consumed 630 g of gilthead sea bream weekly, which was fed with either 100% fishmeal or
fishmeal mixed with plant proteins (50%/50%). While the intake of EPA + DHA was similar
in both groups, the omega-6/omega-3 ratio was almost two times higher in the group
consuming gilthead sea bream fed with fishmeal mixed with plant protein compared to fed
with 100% fishmeal (0.91 vs. 0.48). Importantly, the lipid profile of the study participants
was influenced greatly by the diet they consumed. In the group that first consumed the
fish fed with 100% fishmeal, significant decreases in TC, LDL, and TAG were seen after
that phase, while after the second phase (consuming fish fed with fishmeal mixed with
plant protein), their concentrations returned to baseline levels. In the other group, no
differences were seen after their first phase (consuming fish fed with fishmeal mixed with
plant protein), while an increase in TC was noted after the second phase of the intervention
(consuming the fish fed with 100% fishmeal) [66].

These compelling findings, dating back to 2013, clearly suggest that not only the
EPA + DHA sum but possibly even more so the omega-6/omega-3 ratio in the consumed
fish, determines the various changes in lipid profile in terms of primary prevention of
CVD. Of note, as written above, despite consuming 630 g of gilthead sea bream fed with
fishmeal mixed with plant protein weekly and subsequently high intakes of EPA + DHA,
no changes were observed concerning the lipid profile parameters of the participants [66].
This might help explain the results of the presented study, in which no differences were
seen for the TC and TAG across the groups, as the omega-6/omega-3 ratio of the salmon
used in the presented intervention was 0.9—just like in the cited study [66]. Despite
conflicting results, it seems that higher omega-6/omega-3 ratios in the blood are connected
to negative cardiovascular outcomes [67]; therefore, the omega-6/omega-3 ratio in the
salmon consumed seems to play a role in providing health benefits.

Over the past two decades, commercial diets of farmed salmon have changed toward
a more plant-based diet due to the limited availability of marine fishmeal and fish oil,
which is known to result in decreased EPA + DHA and increased omega-6 fatty acids [22].
According to Sissener [22], while numerous dietary interventions with salmon showed
beneficial effects on fatty acids profiles and health parameters in humans, many of these
studies used salmon fed with high levels of marine-derived feed. The results from the
presented study, in which, looking at the fatty acids composition of the used salmon,
the salmon were probably fed with plant-based ingredients, seem to indicate that the
beneficial effects of increasing salmon intake on various health outcomes seen in meta-
analyses [13,14,68-72] might not necessarily be noted in studies conducted at present due
to a less beneficial omega-6/omega-3 ratio.

However, what should also be stated is that salmon is not only a source of essential
fatty acids in the human diet [16], but it can also provide significant amounts of vitamin
D, which is especially important when no skin synthesis is possible due to the latitude of
the place of residence and the season of the year [73]. Vitamin D3 content in commercially
available farmed Atlantic salmon in Poland is stated to be 21.3 pug/100 g [62], which
covers 142% of the recommended adequate intake of 15 pg daily [74]. Salmon can provide
selenium and iodine to the human diet, as well [31].

4.5. Strengths and Limitations

The presented study is, to the best of our knowledge, the first to assess the influence
of increasing farmed salmon intake on lipid profile characteristics in young women with
excessive body weight without providing a weight-loss diet. Moreover, the amount of
salmon used in the intervention complied with fish intake recommendations and can be
easily incorporated into a person’s habitual diet, making it possible to adhere to such a diet
in a real-life context. Importantly, despite only a modest dietary adjustment of incorporating
200 g of smoked salmon weekly into the participants’ diet, significant differences between
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the two studied groups were seen for the LDL change, especially in participants with a
WHLR ratio of more than 0.5, as well as for the Cholindex, which is an important atherogenic
index. These noteworthy results indicate that increasing fatty fish intake, such as the intake
of salmon, might be one of the recommendations that could be given to young women with
excessive body weight who are at risk of developing cardiovascular disease in the future.
Despite numerous strengths, the study also has limitations. The study ultimately
included only 38 participants, which limits the ability to generalize the findings to larger
populations. Additionally, since some of the analyzed parameters had non-significant
but close-to-statistically-significant differences, a greater sample size might have resulted
in more statistically significant differences across the studied group. However, as the
study assumed the inclusion only of young women with excessive body weight residing
in Warsaw or its surroundings (due to the multiple visits to the place of conducting the
study), gathering a larger group for the study was not feasible. Moreover, since the
intervention lasted only 8 weeks, the long-term effects of increasing farmed salmon intake
on the analyzed parameters, as well as the real CVD risk reduction, cannot be assessed.
Additionally, considering the observed TAG increase in the intervention group compared to
a decrease in the control group among participants with a WHtR of more than 0.5, as well as
the fact that TAG concentrations can be influenced by other lifestyle factors, such as alcohol
consumption, it might have been beneficial to assess participants” alcohol intake throughout
the study. However, while some studies show that higher alcohol consumption is associated
with higher TAG concentrations [75], others indicate that the incidence of elevated TAG
is lowest in subjects with moderate alcohol consumption (10-20 g/alcohol a day), similar
to the J-shaped association between alcohol consumption and cardiovascular risk [76];
hence, it seems that, to date, the question if and how alcohol consumption influences TAG
concentrations is still unsolved. Last but not least, since physical activity may influence
lipid metabolism [77], it might have been beneficial to assess participants’ physical activity
throughout the study time. However, at baseline, no differences were noted in the physical
activity level between the groups. At the same time, participants were clearly instructed
not to make efforts to lose weight, which can be achieved through an increase in physical
activity or diet alterations, which was also restricted during the intervention period.

5. Conclusions

Despite increasing the intake of farmed smoked salmon to 200 g weekly, no differ-
ences were observed in the absolute values of the analyzed lipid profile parameters and
atherogenic indices between the intervention and the control group after the 8-week-long
intervention. However, differences in certain changes were noted, such as for the LDL and
the Cholindex), for which decreases were noted in the intervention group, while increases
were seen in the control group. On the other hand, across participants with WHtR > 0.5,
an increase in TAG in the intervention group and a decrease in the control group was
noted. Regarding the observed beneficial influence of increasing salmon intake to the
recommended amounts on decreasing LDL and Cholindex in young women with excessive
body weight after 8 weeks, it seems that such a diet alteration might be recommended for
this group to decrease their risk of CVD in the future. Nevertheless, regarding the diverse
influence on TAG, further studies are needed to assess the long-term influence of increasing
the intake of fatty fish available on the market at present on human health.
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(from w0 to wb), from the middle to after the intervention (from w5 to w9), and from baseline to after
the intervention (from w0 to w9) across participants with a WHtR < 0.5.
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